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Abstract—Packet-switched wireless networks such as 4G and
5G cellular systems apply RObust Header Compression (ROHC)
to reduce PDCP header length and improve payload efficiency.
Our recent works have demonstrated the benefit of applying
a trans-layer approach that exploits lower layer information
in ROHC control based on a partially observable Markov
decision process (POMDP) formulation. The benefit of the
POMDP solution comes at significant computation complexity
beyond existing ROHC. The present work focuses on simplicity
by designing ROHC compressors with lower layer awareness
including channel adaptive transport block size as a result of
link adaptation present in many wireless networks. Our new
models directly address practical implementation and can deliver
transmission efficiency close to an optimized POMDP compressor.

Index Terms—Packet header, header compression, ROHC,
Markov decision process, link adaptation.

I. INTRODUCTION

Modern wireless communication networks are converging
toward full Internet Protocol (IP) packet-switched architectures
[1]. Considering the growing number of users and services,
traditional approaches at PHY and MAC layers for improving
bandwidth efficiency are already near the capacity limit. A
more comprehensive approach that transcends all network
layers is desired. In particular, IP is characterized by long and
redundant packet headers can sacrifice bandwidth efficiency.
As aresult, header compression schemes are widely adopted to
reduce headers to improve payload efficiency [2]. In particular,
RObust Header Compression (ROHC) [3], [4] is a standardized
technology widely adopted in wireless packet-switched net-
works such as 4G-LTE [5] and 5G-NR [6]. However, ROHC
has only received scant research attention, most of which has
been focused on improvements or analysis under very specific
conditions [7]-[10]. In contrast, our previous works [11]-[14]
have presented novel Markovian design frameworks for opti-
mizing ROHC systems in terms of bandwidth efficiency, with
aa general approach and emphasis in lower-layer information.

In this work, we present new trans-layer U-mode ROHC
compressor designs with different levels of complexity that
generalize our previous proposal [13]. Specifically we consider
a new channel model that represents the effect of physical
channel dynamics, link adaptation, and other PHY/MAC layer
effects at the transport block (TB) level, along with the nec-
essary considerations to map the PDCP packet level decisions
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of ROHC compressors to the TB-level. We also examine
new formulations that yield simpler ROHC designs, while
suffering little performance loss versus our optimized POMDP
COMPpressor.

The rest of this document is organized as follows. Section II
presents an overview of the ROHC header control in 4G
and 5G wireless networks, and introduces the channel model
and the necessary assumptions in our new ROHC control
framework. Section III presents the ROHC compressor for-
mulation along with the features and details that facilitate low
complexity ROHC decision. Section IV provides simulation
test results to demonstrate the performance advantage of our
solutions, before the conclusions of Section V.

II. SYSTEM MODEL
A. ROHC Overview

This work focuses on the scenario in which a wireless
transmitter operates a U-mode ROHC compressor without a
feedback from decompressor. The U-mode ROHC compressor
transmits a PDCP packet stream of compressed and uncom-
pressed headers and the corresponding decompressor at the
recovers the compressed headers. In particular, we will study
controlling the U-mode ROHC compressor without direct
feedback on decompressor’s state. Many low latency wireless
services adopt the U-mode ROHC. Furthermore, any ROHC
system must always start in U-mode before transitioning into
other feedback-based modes [3], [4].

IP packet headers contain a static field that remains un-
changed during a link session, and a dynamic field that
changes regularly with packets. Although there are several
types of headers in standardized ROHC with different levels
of compression [3], [15], we consider the simple and common
case with three types of packet headers: IR (Initialization and
Refresh), which is uncompressed; First-Order (FO), which has
a compressed static part and uncompressed dynamic part; and
Second-Order (SO), in which both static and dynamic parts are
compressed. Therefore, IR headers are the longest and require
the most bandwidth, whereas SO headers are the shortest use
the least bandwidth.

Both ROHC compressor and decompressor aim to maintain
a shared header information, or “context”, throughout the
link session. A U-mode ROHC compressor has to decide the
compression level of each packet header without feedback, i.e.,
without knowledge about the decompressor state and whether
it is able to decode a compressed header or not. Hence, the
U-mode compressor must start using IR packet headers to
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Fig. 1. FSM representation of a PDCP ROHC decompressor with WLSB
encoding: the state transition depends on the type of compressed header and
whether or not the packet (including header) is successfully received.

establish context at the decompressor. The compressor can
then decide to apply higher levels of compression (i.e., FO
or SO) once it is confident of the decompressor’s ability to
decompress SO or FO headers with the provided context.
Correspondingly, the compressor can take 3 actions and the
space of its last action contains 3 states: IR, FO, and SO
according to the selected compression level. At a given time,
the decompressor is in one of 3 states: NC (no context), RC
(repair context), and FC (full context). Depending on its state,
the ROHC decompressor can only receive IR header in NC,
either FO or IR header in RC, and any of the 3 headers in FC.

Traditional U-mode compressor is based on a timer mecha-
nism that periodically update the context using IR, in anticipa-
tion of context loss [3]. Header decompression is usually based
on the Windowed Least-Significant Bit (WLSB) algorithm [3],
which maintains context within W consecutive packet losses.
A ROHC decompressor with WLSB can be modeled as a
finite-state machine with W + 2 states as the one depicted
in Fig. 1 [13].

B. Dynamic CQI-based Channel Model

Even though most ROHC-related works adopt a Gilbert-
Elliot channel model, true wireless channels and the
PHY/MAC layers exhibit more dynamic characteristics that
may not be captured well by a two-state model. Among
others, an important feature of wireless networks is link
adaptation which adjust the modulation and coding scheme
(MCS) throughout the link session to keep its packet error
rate below a certain level. Previously, we have neglected the
link adaptation effect by assuming its slow variation when
compared with the rate of channel variations. To model the
channel variation and link adaptation more accurately, we
define a new finite-state Markov channel (FSMC) model to
address the varying MCS transmission during link session.

Consider a finite state channel model with K states that
corresponds to K the possible CQI values of the wireless link.
Each channel state represents a bit-level symmetric channel
(BSC) with a crossover error probability e;, k =0,..., K —1.
Moreover, each channel state will be defined by the parameters
selected for that particular CQI value, i.e., the transmitter in

state k£ uses the modulation and coding settings given by CQI
value k, which in turn provides the TB size Bj (in bytes).
Additionally, the use of CQI reports as channel states rely
exclusively on the existing CQI-reporting mechanism, and thus
avoids the requirement of modeling particular channel charac-
teristics and transmission conditions and the implementation
of corresponding estimations where needed.

The error probability e for each state can be found through
test or simulation. For LTE and 5G NR, the target BLER of
10% for each MCS can be used as a worst-case scenario. Let
state k = 0 denote a no-transmission state with By = 0. This
FSMC is characterized by a K x K state transition matrix P g
and the probabilities of successful transmission are denoted by
a 1 x K vector p, where p; = 1 — ej. Under certain channel
conditions, not all CQI states are possible or reachable, leading
to zero rows in Pg.

C. Assumptions

Our system model relies on the following practical assump-
tions:

Al. IR header, FO header, SO header, and payload in a

packet have fixed lengths, denoted by Hy, Hy, Hs and

L, respectively, where Hy > H; > H correspond to

compression levels of IR, FO and SO headers, respec-

tively. The total length of IR, FO and SO packets are

Lo, L1, Lo respectively, with L,, = H,, + Lp, m =

0,1,2.

The static part of source headers remains unchanged

throughout the lifetime of packet flow, such that suc-

cessful transmission of only one IR packet is needed to
re-establish static context.

A3. The dynamic compressibility of source headers follows
a Markov Decision Process, such that some headers are
not compressible. In other words, apart from context
damage due to packet losess, an IR or FO header needs
to be transmitted to re-establish context if a packet
source header is not compressible.

A4. The transmission delay is negligibly short.

A2.

In our previous work [13], all the stated assumptions were
also provided, along with corresponding practical considera-
tions. In the current formulation, we no longer assume constant
MCS and TB size in consideration of link adaptation in
wireless links.

III. TRANS-LAYER U-MODE ROHC COMPRESSION

A. Initial considerations

As specified in both LTE and NR standards [6], [16], [17],
IP packets undergo ROHC compression by the PDCP before
entering the RLC layer, which reorders and adds RLC headers
to form RLC PDUs that are used by the MAC layer to form
a TB. Although there are some differences among different
standards, the general process is essentially the same from the
perspective of ROHC design: PDCP packets are concatenated
or segmented in the process such that a large TB can be
composed of multiple concatenated PDCP packets, or a PDCP



packet can be segmented into several small TBs, depending on
the MCS used in link adaptation.

For our investigation and in general, the low data rate
scenario where a single packet is segmented in multiple TBs
is of less interest, as a WLSB-based ROHC requires several
consecutive TB failures to lose context synchronization. We
focus instead on high data rate links in which one TB contains
multiple PDCP packets. Additionally, we will neglect the
segmentation of one packet in two successive TBs by assuming
that multiple full PDCP packets reside in each TB, in addition
to some filler bits, as depicted in Fig. 2.

In our previous work [13], we proposed a header com-
pression controller that decides the compression level of only
the first header for each TB whereas the subsequent packets
in the TB use fully compressed SO headers. This header
control policy offers increased efficiency as more packets
and higher payload will be carried by the TB as a result.
This control scheme is based in the fact that a TB is either
successfully received in its entirety or is totally lost. Thus, the
decompressor operates as follows:

« In NC state, it establishes context only with a successfully
received TB that starts with the IR header and can decode
subsequent packet headers. It will be unable to do so if
the TB is either lost or contains no IR headers;

o In SC state, it can recover the dynamic context with a
successfuly received TB that starts with an IR or FO
header and can decode subsequent packet headers. It may
lose static context if the TB is either lost contains only
SO headers;

e In FC state, it can recover all PDCP headers in a
successful TB, and otherwise may lose context depending
on number of PDCP packets in the RB and the value W.

With a CQI-based FSMC that considers link adaptation,
assuming multiple PDCP packets per in a TB that uses header
control as depicted in Fig. 2, the number of PDCP packets per
TB is denoted by a K x 3 constant matrix M in which each
element my, , represents the integer number of PDCP packets
per TB for CQI index £ (given by the channel state), and the
first packet header in the TB a (with all other packets having
SO headers), given by

By — Lg
M = [’“LZ] . )

To conclude, we can obtain a rather simple TB-level ap-
proximation of a traditional PDCP-level ROHC decompressor
with WLSB. If TBs are either successfully received or totally
lost, it makes sense to assume that the decompressor loses
context after an integer number of lost TBs. Thus, we define
an approximated TB-level window Wtg which depends on the
number of packets per TB, although to avoid a varying window
parameter in our formulations, we use the approximation:
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Fig. 2. Construction of a TB of variable size from several PDCP packets
with header control. The first PDCP packet header may be IR, FO or SO, and
all the remaining PDCP packets have SO headers (with IR-leading packet
depicted in this particular case). Filler bits may be used to complete the TB.

B. POMDP Compressor

We reformulate the POMDP compressor discussed previ-
ously [13] into a new POMDP formulation by considering
link adaptation. The new POMDP is defined by the tuple
(8§, A, Z,T,0, R), in which each element of the tuple has
the same function as in [13, Sec. III-D], with the exception
that

o For the set of states S, the channel state sy € H =
{0,..., K — 1} is shifted to directly map the CQI report
as the channel state index.

o In this case, the efficiency of the transmission (defined
as successfully decompressed payloads over transmitted
TBs) now considers the variable TB size:

n= IE{ Zz() My [t),aclt) " Lp - 1[splt] = 0] } 3)
Zfio BSH[t] 7

in which 1[expr] is an indicator function, that takes value
1 if expr is true and O otherwise. Here for notation
simplicity we let 0/0 = 0. We approximate n with the
expected discounted sum of instantaneous transmission

efficiency:
R sult "Ly - 1sp[t] = 0]
_ tE{mH[fLacm p .
i ;v B )

Then the new instantaneous reward function R(s,a,$),
obtained by moving from s to § given action a, is

Msyit,aclt] * Lp

B-

SH [t]

R(s,a,8) = “1[sp[t] =0].  (5)

The solution of the POMDP is a decision policy p that
maps the compressor’s belief of the state q(s),s € S into
actions, i,e. a = p(q), aiming to maximize the reward in the
long-term. In general, POMDP problems are difficult to solve
exactly. However, numerically efficient POMDP solvers are
available [18]-[21].

C. TB-level Timer-based Compressor

Although the POMDP policy should yield close-to-optimal
results and only needs to be solved offline once for given
system settings for future table lookup, in practice it requires
knowledge of the channel dynamics to construct an adaptive
model. This could be quite impractical given the wide range



of transmission conditions and the prodigious memory size of
such a look-up policy. Thus, it may be desirable to construct
a timer-based ROHC compressor that is aware of lower-layer
information and dynamics. Such a deterministic and periodic
policy would be easier to implement and shall be known as
TB-level Timer-based (TB-timer) compressor.

However, it is difficult to analytically obtain a direct re-
lationship between the efficiency of the compressor and the
timer parameters. Instead, one may have to rely on empirical
results from Monte-Carlo simulations. On the other hand, an
exact Markov model of the compressor-channel-decompressor
system may have a significantly large state space if the
timer period is quite large. Therefore, by adopting the header
control for the TB structure described in Section III-A, we
will approximate the ROHC compressor as a Markov process
with 3 states representing the first header decision of a TB
to optimize the Markov compressor. We shall then map the
optimized results to a timer-based design.

To begin, this Markov chain requires a 3 x 3 state transition
matrix Pc, whose entry Pc;; is the transition probability
from state ¢ to state j for 4,57 = 0,1,2, each respectively
representing the selection of IR, FO or SO header. Each
column of P is completely defined by 2 parameters. Thus,
the steady-state behavior of any U-mode compressor can
be approximated by 6 parameters: the fraction and average
duration of IR-, FO-, and SO-leading TBs, denoted f,, and
ds. respectively, with s¢ = 0, 1,2 denoting IR, FO and SO.
Because Zic:o fse = 1, the U-mode compressor’s degree of
freedom is 5 [11]. To derive a one-to-one mapping between
timer and Markovian parameters, we realize that transitions
from IR to FO headers in TBs do not assist in context
synchronization except for some unnecessary overhead. Thus,
we shall let Pc 19 = 0 such that Pc has 5 parameters. The
fraction vector £ = [fo, f1, fo] corresponds to the steady-state
distribution of P, i.e.,

f=fPc. (6)

The average duration d; of consecutive type—i leading TBs
can be defined as
1 1 1

dy = =" - -
0 Pc o2 ! Pco+ Pc12 ? Pcoo + Po o1
)
The mapping has a corresponding feasibility region of
‘F:{(d07dlad27f07fl7f2) : dO > ladl > 17d2 > 17
hohhiohh hoBl
d2 dl dg do do dl d2

Thus, we can optimize the parameters of the Markov
compressor before mapping the obtained optimal set onto the
timer parameters. In particular, the deterministic timer-based
structure shown in Fig. 3 fits the above description and satisfies
the feasibility constraints.

The system has a state space S = S¢ X Sg x Sp repre-
senting the product space consisting of compressor state space
Sc, channel state space Sy and decompressor state space Sp.

TBs  E— N -1 subperiods —
—hr—e—dr— %/ ChAr- %/

Packets

HilE

g

O [ FO packet
Fig. 3. TB-level timer-based structure with header control. This periodic
structure consists of N subperiods, the first having dp IR-leading TBs
followed by do SO-leading TBs, and then /N — 1 subperiods of d; FO-leading
TBs followed by d2 SO-leading TBs. Additionally, the TBs may have different
sizes depending on the CQI report.

IR packet O SO packet

The full system state is simply s = (s¢, sy,$p) € S. The
transmission status s depends on the compressor state s¢
and the new channel state s;. The transition probability of
the system is given by

p(s'ls) = p(sclsc)p(sulsu)p(splsp, so, ) (9)

where the compressor and channel transition probabilities
p(sg|sc) and p(s'y|sp) are defined by P and Py, and

p(splsp,sc, s5) = p(splsp, st = 0,50)p(sT = 0|sy)
+p(splsp, st =1,s0)p(st = 1]syy)  (10)

where p(st = 1[s}) = pg, and p(splsp,sT = i,s¢) €
{0,1} is defined by the FSM representation of the decom-
pressor in Fig. 1.

The asymptotic efficiency of the system can be described
as the average number of successfully decompressed packet
payloads (which can be derived using total probability law
with the steady-state probabilities of compressor, channel and
decompressor in each state) over the average TB size. Thus,
we obtain the optimization problem

K-1 2
7TD70LP ZSH:O ZSC:O TH,sgTC,s¢Mspy,sc

K-1
ZSH:O 7T-ILLSHBSH

s.t.  Pco2, Pcio, Poi2, Pe2o, Po21 € 0,1]

max n=

(1)

where mp o is the marginal steady-state probability of the
decompressor for state FCy, mg s, is the steady-state proba-
bility of the channel in state sg, and m¢ . is the steady-state
probability of the compressor in state sc¢.

D. TB-aware PDCP-level Timer-based Compressor

Practical ROHC timers are defined at the PDCP-level [3],
[4], which means that a TB-level header control might require
significant implementation changes . To address this difficulty,
we introduce the notion of TB-aware PDCP-level Timer-
based (P-timer) ROHC compressor, which has lower-layer
knowledge while still operating on a packet-by-packet basis.

This header compression system consists of a deterministic
timer-based compressor with timers that change packet-to-
packet, a TB-level channel with CQI, and a PDCP-level
decompressor with WLSB decompression at packet level. Such
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Fig. 4. PDCP-level timer-based structure. This periodic structure consists of
N subperiods, the first having do IR packets followed by dz SO packets, and
then N — 1 subperiods of d1 FO packets followed by ds SO packets.
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Fig. 5. Variable number of PDCP packets in a TB depending of TB size and
starting position within the structure. The average of all possible arrangements
can be used to compute the asymptotic efficiency of the P-timer compressor.

a system is difficult to analyze theoretically, and an exact
Markov model of the system may be intractable for large
timer durations. Moreover, even an approximate Markovian
approach is not straightforward, as the state transitions of
compressor, channel and decompressor happen in different
domains and timeframes without direct models for their inter-
action. Therefore, we will define a slightly different framework
that will allow us to optimize the P-timer compressor.

Consider the compressor with the deterministic structure
of Fig. 4, where the notation has been slightly changed with
respect to the TB-timer compressor in order to describe similar
concepts at the packet-level, i.e., cfi,i € {0,1,2} is the average
duration of consecutive packets with IR, FO and SO headers,
and N is the number of subperiods within one timer cycle.
Note that for a given TB size, to fit as many whole PDCP
packets as possible in the TB, there exist different packet
arrangements which generate a different numbers of packets
in the TB depending on the starting packet for that particular
time, as shown in Fig. 5. Without the header control, we can
only obtain the average number of packets per TB in state sy,
denoted as ns,,, which we will use for approximation.

Let R = dy + (N — 1)d1 + Ndy be the total number of
packets in a timer cycle and Ry, = doLo + (N — 1)d1L1 +
NdyLs be the total number of bytes in a timer cycle. Then
there will be R different packet arrangements in the TB. For
simplicity, let us initially assume that the TB size is smaller
than one full timer cycle. Thus, the number of packets from a
starting point tg and a given CQI sy (with its corresponding

TB size By, ) can be obtained as the variable T3, 5, in

TtOvSH
> Lelt) < By, Vsu, Vig=1...R (12)
t=to
where Lo : N — {Lg, L1, Lo} is given by
Lo t < CZ()
Lc[t] _ Ly mod( do /— d2,d1 + dg) <d (13)
and t’ > do + dg
Lo otherwise

where ¢ = mod(t — 1, R) + 1 indicates the packet position
within one timer period, with ¢ being the packet position in
the whole packet stream.

However, it is also possible that a large TB can span
multiple timer cycles, namely a number of whole cycles and a
partial one. Thus, we transform (12) to account for the number
of whole timer cycles, since the partial cycle is the only part
that can vary in number of packets aggregated in the TB:

Qtg,spy
B;
Y Lol < By, — R {R—;J Vsi, Vto=1...R
t=to
Ty = Quon + B 12| (14)
As a result, we have
R
1
naw =B{Tsy} =2 > Tosy Vsn (15)
t=1

We continue to use the same TB-level FSMC model for
the dynamic channel. For the decompressor, one would like to
consider every possible packet arrangement and how many
packets can be recovered in a successfully received TB,
namely, all the packets in the TB when the decompressor is
in FCj state, and otherwise only those after the first IR or FO
packet within that particular TB. However, such an approach
finds a very large state space very rapidly. Instead, we will
approximate the decompressor behavior with the same TB-
level structure used for the TB-timer compressor, such that
the decompressor status depend on the existence of IR or FO
packets within the TB instead of the leading header of the TB.
This procedure will only provide an approximate but not an
exact efficiency value, as the packets that might be lost before
a context update in a no-context state are still accounted.
Moreover, there might be more than one IR/FO packet in a
TB, depending on the selection of timer parameters.

Let S¢ = 0,1, 2 respectively denote the event of having at
least one IR header in the TB, at least one FO header without
IR, and only SO headers. The state transition probabilities of
the channel-decompressor Markov system is given by

p(E'18) = p(sk|su)p(5p|3D, sy) (16)
where p(s’y|sg) is defined by P g, and
12
p(8plsp,si) => > p(3plép, st =i,5c = a)
i=0 a=0
(st =ilsy)p(dc = alsy) (A7)



where p(st = 1|s%y) = pa, p(8plsp, st = i,5¢) € {0,1}
is defined by the FSM representation of the decompressor [13,
Fig. 2], and p(3¢c = als’y) is given by the fraction of packet
header arrangements with IR, FO without IR, or only SO, for
each TB size.

Therefore, and again using total probability law with steady-
state probabilities, we can define the approximated asymptotic
efficiency of the P-timer compressor as

N K—-1
7p,0Lyp ZSH=0 TH,syMsy
K—1
Zsto TH,sy Bsy

S.t. Ci(), Cil, JQ, N € N, dA()7N >1

max 7=

(18)

where 7 p o is the marginal steady-state distribution of the de-
compressor for state FCy. Note that this optimization problem
is neither convex nor well structured, hence we use grid-search
solutions.

IV. SIMULATION RESULTS

In this section, we present simulation results to illustrate the
performance advantage of the proposed ROHC compressors
compared to a POMDP compressor with link adaptation.

A. Test Setup

Unless stated otherwise, the ROHC system is modeled with
the settings listed in Table I. The channel parameters have
been selected for a common single-antenna channel in LTE.
The number of states K = 16 is given by the number of CQI
indexes in LTE and 5G NR [16, Sec. 7.1.7], [17, Sec 5.1.3].
The selected header and payload lengths are described in [11,
Sec. VI-A], whereas the selected WLSB parameter W follows
what was used in [7].

We implement a grid-search optimizer for both the TB-
timer and P-timer ROHC compressors and SARSOP [18] for
the POMDP compressor. Additionally, for every compressor
design, we apply Monte Carlo simulation to test its perfor-
mance. In its simulator, the P-timer compressor chooses the
packet headers before the packets are aggregated into TBs
of varying sizes that depend on channel state (CQI), with no
knowledge of the packet header types. In the case of the TB-
timer, the compressor selects the leading header of the TB as
intended, before filling the rest of the TB with SO packets. The
decompressor for both compressors applies WLSB to recover
headers at the PDCP packet level. Therefore, in either NC or
SC state, it can fully decode IR/FO-leading TBs transmitted
by the TB-timer compressor. However, the decompressor can
only decompress headers for packets that follow the first IR/FO
header in the TB sent by the P-timer compressor, and the
preceding packets are lost.

B. Performance Results

We compare the simulation performance of the optimized
ROHC compressor designs (POMDP, TB-timer and P-timer)
for different levels of channel SNR in Fig. 6 and Fig. 7
for two different time periods of n = 50 and n = 1000,
respectively, to illustrate both the transient and the steady-
state efficiency. In both cases, the TB-timer compressor clearly

TABLE I
DEFAULT SIMULATION SETTINGS FOR OUR ROHC DESIGN TESTS.

LTE RMC R.3, no HARQ (RV=0),
Single antenna, PRBs = 50, fp = 5Hz
Average SNR = [0, 3, 6] dB

System and channel

Header/Payload lengths | Hg = 59, H1 = 15, Hy = 1, L, = 20 bytes

WLSB W =5 (W = 0)

Pea = Pup = 0.1, Eg = Ix

POMDP Compressor
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Fig. 6. The empirical efficiency 7 versus the average SNR of the channel, in
transient state, for the POMDP, TB-timer and P-timer compressors.
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Fig. 7. The empirical efficiency n versus the average SNR of the channel, in
steady-state, for the POMDP, TB-timer and P-timer compressors.
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Fig. 8. The empirical efficiency n versus the average SNR of the channel, in
steady-state, for the POMDP, TB-timer and P-timer compressors.

outperforms the P-timer compressor by as much as 18%
under various channel quality conditions. Additionally, the TB-
timer compressor efficiency is close to the optimized POMDP
compressor with a maximum difference of less than 5%. This
is noteworthy as the TB-level timer-based design does not
depend on situational policy look-up derivations, reducing
computational complexity, and thus interesting for practical
implementations.

In Fig. 8 we compare the optimized TB-timer compressor
with a TB-timer compressor that only selects IR-leading TBs,
which would be the least-efficient TB-timer compressor de-
sign. The results show a maximum difference of 3% between
the two TB-timer compressors. This comparison implies that
the main contribution to efficiency gain with respect to the
PDCP-level P-timer compressor arises from the TB header
control strategy, again highlighting it as an attractive route for
improving ROHC systems.

V. CONCLUSION

This work presents new design frameworks for U-mode
ROHC compressor that takes advantage of lower-layer infor-
mation in the header decision process for improving trans-
mission efficiency. We propose a method to optimize timer-
based parameters for either transport block or packet level
implementations. This compressors incorporate PHY/MAC
layer characteristics, such as the physical channel and link
adaptation, among others. The compressors select the header
compression level without direct knowledge of the ROHC
decompressor status, and can easily operate with CQI report
already available to the transmitting wireless unit. The new
compressors can be implemented in a straightforward manner.
In particular, the TB-level timer-based compressor is able
to achieve near-optimum performance without incurring high
complexity. Moreover, we show that the TB-based header
control framework can deliver substantial efficiency gain.
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