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[bookmark: _Ref165266342]Introduction
In RAN#96 meeting, RAN approved the revised WID for R18 NR NTN [1]. The objective on coverage enhancement is as follows:
	4.1.1	Coverage enhancement

The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). The work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should also take into account any related regulatory
requirements, e.g., ITU limitation of power flux density.

Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):

· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals

[bookmark: _Hlk90207880]The following items are shown as examples of areas to consider in the next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above.

· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels
· NTN-specific techniques for improved diversity and/or reduced polarization loss
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.

[bookmark: _Hlk86407239]RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated.


Specifically, the main topic of this objective that falls into RAN2 scope is the RAN overhead reduction for VoNR as highlighted above. This contribution will discuss RAN overhead reduction for VoNR from RAN2 perspective, including the following aspects:
· Feasibility analyses of RAN overhead reduction;
· Performance evaluation of RAN overhead reduction;
· Suggested WF on the topic of RAN overhead reduction.
RAN overhead reduction for VoNR
Feasibility analyses of RAN overhead reduction
In NR, the packet encapsulation is shown in Fig.1 (if the SDAP header is not configured). According to the NR specification, the length of the header for each protocol layer is as follows:
· PDCP header: 2 bytes with 12 bits PDCP SN, 3 bytes with 18 bits PDCP SN;
· RLC header: 0 bytes for TM mode (which is only used by SRB0), 1 byte at minimum  for UM, and 2 bytes at minimum size for AM;
· MAC header: minimum size is 2 bytes with LCID and L fields.
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Fig.1 NR Packet encapsulation
Based on the above description, the minimum NR overhead for a DRB is 5 bytes, which consists of 2 bytes PDCP header, 1 byte RLC header, and 2 bytes MAC header. Such a RAN overhead modeling is also aligned with the TB size assumed by RAN1 for the coverage enhancement evaluation for VoNR, as follows [2].
	Agreement
For VoIP, AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval is used in the evaluations.
· Each packet is transmitted within 20 ms, if packet combining is not used.
· Companies are encouraged to evaluate at least packet transmission without combining
· Companies are encouraged to report how to apply packet combining, if used.
· Note: in packet combining, two packets can be combined into a single packet at TX side 
· Companies should report the impact on E2E latency
· VoIP is evaluated only in LEO scenario.
· Note 1: PRB/MCS/TBS determinations are discussed separately
· Note 2: companies should report if HARQ is used in the evaluations, and if evaluations depart from the assumption that each packet is transmitted within 20 ms


Next, we will discuss if there is any potential to reduce these 5 bytes of RAN overhead.
· PDCP header: 
· PDCP header is used to carry the D/C field and PDCP SN field. If PDCP SR is still needed for VoNR, the D/C field cannot be reduced. In this case, one feasible way to reduce the length of the PDCP header is to reduce the PDCP SN size. Considering that throughput in NTN is not much large, reducing the PDCP SN to less than one byte is reasonable. Thus, there is one-byte room for PDCP header reduction for this case.
· If PDCP SR is not needed for VoNR, the D/C field can be reduced. In this case, one feasible way to further reduce the length of the PDCP header is to remove the whole PDCP header. However, considering that PDCP SN is part of COUNT which is an important parameter for ciphering/deciphering handling, if one intends to remove the explicit PDCP SN field per-PDU, some other ways may still be needed for the UE and the gNB to get aligned on the SN value of each PDCP PDU transmitted. One may consider relying on some (pre-)configured rules for PDCP SN maintenance. For example, it could be possible to configure a mapping relationship between PDCP SN and CG/SPS transmission opportunities in time. As another example, a rule on how the PDCP SN changes over time may be configured for the DRB carrying VoIP for the UE to follow. It should be noted that such methods which aim to eliminate the per-PDU SN field may cause security risk, which will involve SA3 for evaluation. In addition, considering the re-ordering function is placed in the PDCP layer, there may still be additional spec impacts to handle the out-of-order issue which could be complicated.
·  RLC header: 
· The only possible way to save the RLC header is to use TM mode for the transmission of VoNR. 
· Currently, TM mode is only used for SRB0, which has a fixed packet size. If TM is used for VoNR, it means that NW can only schedule the resources supporting with fixed packet size for the VoNR transmission, which makes the scheduling less flexible and less efficient.
· MAC header: 
· MAC header is mainly used to carry the LCID field and L field. The LCID field is used to support the multiplexing function. Considering that there are MAC CEs (e.g., TAR MAC CE) that may need to be multiplexed with packets for VoNR, the LCID field cannot be reduced. In addition, due to the variable packet size due to the SID frame and the impossibility for the grant to always 100% fit the packet size, the L field also cannot be removed. In short, there is no room for MAC header reduction from our perspective.
Observation 1: There could be potential room for the protocol header reduction only in PDCP and RLC:
· For PDCP, there may be 1~2 bytes room for protocol header reduction. But, it may cause security problems and have a significant spec impact if the PDCP SN field is removed from PDCP PDU;
· For RLC, there may be 1 byte room for protocol header reduction. But it will cause inefficient scheduling.
Performance evaluation of RAN overhead reduction
As shown earlier, in the RAN1#109e meeting, RAN1 discussed coverage enhancement for R18 NTN and agreed that AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval is used in the evaluations for VoIP.
From physical layer perspective, more details on the 4.75kbps AMR voice packet structure can be illustrated in table 1, where it can be seen that there are 16/8/16 bits for MAC/RLC/PDCP headers respectively. Without RAN protocol overhead reduction, the total TB size is 184 bits (excluding CRC). 
Table 1. AMR 4.75kbps voice packet
	CRC
	16 bits

	MAC
	16 bits (with LCID and L fields)

	RLC
	8 bits (with 6 bits SN size) 

	PDCP
	16 bits (with 12 bits SN size)

	RTP/UDP/IP
	24 bits

	Payload
	120 bits


In our RAN1 contribution [3], we gave the performance evaluation of RAN overhead reduction for 3 cases: without head reduction (TBS 184bits), with 2 bytes reduced (TBS 168bits), and with 4 bytes reduced (TBS 152bits) respectively, as shown in Fig.2.
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Figure 2. LLS results for RAN protocol overhead reduction
From the results, if we look at the 1% BLER according to the packet error loss rate requirement defined in [4], we can observe that rather marginal gain (0.4 ~ 0.5dB) can be seen for AMR 4.75 kbps voice packet transmission on PUSCH, when up to 4 bytes L2 headers are reduced. Based on the feasibility analyses of RAN overhead reduction shown in the last section, it is only possible to save 1~3 bytes of L2 protocol overhead, which only brings marginal benefit from the coverage enhancement point of view (i.e. around 0.4 dB gain).
Observation 2: It is only possible to save 1~3 bytes of L2 protocol overhead, which corresponds to about 5% ~ 10% overhead reduction based on the RAN1-agreed 184-bit payload size. Such saving brings a rather marginal benefit from the coverage enhancement point of view (i.e. around 0.4 dB gain) as per simulation results.
Suggested WF on the topic of RAN overhead reduction
Based on Observation 1 and Observation 2, we can find that there is only 1~3 bytes room for RAN overhead reduction from RAN2 perspective, which can only bring marginal benefit (i.e. around 0.4 dB gain) for performance improvement of coverage. It is thus rather questionable to support RAN overhead reduction and pursue any further specification work in normative phase for this topic, especially considering that reducing 1~3 bytes may bring significant impacts on the RAN2 spec. Thus, it is proposed that RAN2 to conclude whether the objective of RAN protocol overhead needs to be further studied or pursued, considering the rather limited gain that can be achieved.
Proposal 1: RAN2 to conclude whether the objective of RAN protocol overhead needs to be further studied or pursued, considering the rather limited gain that can be achieved. 
If RAN2 cannot decide whether the performance gain brought by reducing 1~3 bytes of RAN overhead is really critical or not from the RAN1 perspective and thus cannot make a decision on proposal 1, it is suggested to send LS to RAN1 to inform them of the L2 overhead possibly reduced. Then, RAN1 can evaluate whether such overhead saving is really worth pursuing based on their analyses and simulation evaluations.
Proposal 2: If RAN2 cannot make a decision on Proposal 1, send LS to RAN1 to inform them of the L2 overhead possibly reduced, and ask them to evaluate whether such overhead saving needs to be further pursued.
[bookmark: _Toc502437832]Conclusions
This contribution will discuss the RAN overhead reduction for VoNR and give the following observations and proposals. 
Observation 1: There could be potential room for the protocol header reduction only in PDCP and RLC:
· For PDCP, there may be 1~2 bytes room for protocol header reduction. But, it may cause security problems and have a significant spec impact if the PDCP SN field is removed from PDCP PDU;
· For RLC, there may be 1 byte room for protocol header reduction. But it will cause inefficient scheduling.
[bookmark: _GoBack]Observation 2: It is only possible to save 1~3 bytes of L2 protocol overhead, which corresponds to about 5% ~ 10% overhead reduction based on the RAN1-agreed 184-bit payload size. Such saving brings a rather marginal benefit from the coverage enhancement point of view (i.e. around 0.4 dB gain) as per simulation results.
Proposal 1: RAN2 to conclude whether the objective of RAN protocol overhead needs to be further studied or pursued, considering the rather limited gain that can be achieved. 
Proposal 2: If RAN2 cannot make a decision on Proposal 1, send LS to RAN1 to inform them of the L2 overhead possibly reduced, and ask them to evaluate whether such overhead saving needs to be further pursued.
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