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1. Introduction 
This document provides the summary for the following email discussion.
· [AT119bis-e][103][NR NTN Enh] Coverage enhancements (Qualcomm)
Initial scope: Discuss the proposals in the submitted contributions in AI 8.7.2 (apart from those on msg3 repetition enhancements)

Initial intended outcome: Summary of the offline discussion with e.g.:

· List of proposals for agreement (if any)

· List of proposals that require online discussions

· List of proposals that should not be pursued (if any)

Initial deadline (for companies' feedback): Thursday 2022-10-13 1600 UTC
Initial deadline (for rapporteur's summary in R2-2210842): Thursday 2022-10-13 1800 UTC
2. Discussion 

  In RAN#97, the objective of the WID is updated further to clarify the objective 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 following sentence will be revisited in RAN#99 as part of the DL enhancements discussion:

“The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.” No work on this topic will take place in RAN WGs before the discussion on DL enhancements in RAN#99.

The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarisation loss (per antenna port). 

1 Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.

The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.
 The detailed objectives are for NTN:

· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]

· To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]

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

The following items are shown as examples of areas to consider in the RAN2 study.

· 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.

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 further updated.

As highlighted above, RAN has clearly identified the items for RAN2 study. The target service in the highlighted is NTN specific. For TN, we should target a high-quality high codec rate voice service.
It is important to increase the number of repetitions per bit to enhance coverage in NTN due to limited link budget. This can be done several ways and one of them is to reduce the overhead. Basically, two possible solutions have been proposed to achieve this. Note that the two solutions can be combined.
(1) Packet aggregation and,
(2) Protocol overhead reduction.

Packet Aggregation
	Tdoc
	Packet aggregation

	[1] R2-2209709

	Proposal 1: For coverage enhancement based on application layer frame aggregation, RAN sends the trigger command for the voice frame aggregation (i.e., 2 voice frames per packet) in NGSO. Send LS to SA4 for alignment work to process the command.

 TOC \n \t "Title,1,Proposal,1" 
Proposal 2: For coverage enhancements, study the details on specification change to support PDCP layer frame aggregation.


	[2] R2-2210645
	Proposal 5: RAN2 to further study the packet aggregation mechanism in UE’s application layer and/or RAN layer(s).

	[7] R2-2210033
	Proposal 4: Frame aggregation enhancement is not considered in RAN2.


In [1] and [2], it is described that the voice traffic arrival rate can be 1 frame per packet per 20ms. However, to efficiently utilize the resource and save UE power and still meet the packet delay budget, 40ms CDRX can be used, i.e., voice packets are transmitted every 40ms, but as two separate packets, each incurring full headers. A simple solution is to aggregate two voice frames and reduce overhead by 50%. The 40ms interval enables the PUSCH repetition with number more than 20 to have a further coverage enhancement to fill the coverage gap.
Q1. Do you agree that with scheduling interval of 40ms or more, the PUSCH repetition with number more than 20 is possible to have a further coverage enhancement?

	Company name
	Yes/No
	Comments

	MediaTek
	Yes, but
	This could be already done by application layer packet aggregation. No further R2 SPEC change is needed. Note that recommended bit rate is already supported in R15.

	Intel
	Yes, but not RAN2 work
	Agree with MTK, it can be done by application layer without RAN2 spec change.

	Lenovo
	Not RAN2
	Agree with above, no RAN2 spec change is needed.


Q2. A voice packet is generated every 20ms. Do you agree that with scheduling interval of 40ms, compared to transmission of two voice packets separately every 40ms (e.g., MAC layer multiplexing), protocol overhead is reduced when two voice packets are aggregated and transmitted?

	Company name
	Yes/No
	Comments

	MediaTek
	Yes, but
	Please see our comments in response to Q1.

	Intel
	Yes, but not RAN2 work
	Please see our comments in response to Q1.

	Lenovo
	Not RAN2
	Agree with above, no RAN2 spec change is needed.


Q3. If answer to Question 2 is yes, which option do you prefer to prioritize for further study?

(1) Application layer frame aggregation

(2) PDCP layer packet aggregation

	Company name
	Option
	Comments

	MediaTek
	1
	This could be already done by application layer packet aggregation. No further R2 SPEC change is needed. Note that recommended bit rate is already supported in R15.

	Intel
	1
	

	Lenovo
	1
	


Q4. If answer to Question 1 or Question 2 is No, please elaborate the reason in comments.
	Company name
	Comments

	
	


Protocol header reduction

	Tdoc
	Protocol overhead reduction

	[4] R2-2209710
	Proposal 1: PDCP compression of ROHC header is used to save 1 byte from the ROHC header and CRC check is ignored at ROHC when PDCP compression of ROHC header is configured.
Proposal 2: Introduce 1-byte PDCP header to be configured for voice DRB.
Proposal 3: Network can configure not to use RLC header from a PDU associated with the DRB that is configured for voice traffic.
Proposal 4
: Consider removing L field from MAC subheader of the PDU associated with the low data rate DRB.

	[5] R2-2209804

	Proposal 1: RAN2 to discuss whether to consider the new L2 header design customized for voice.

Proposal 2: If the new L2 header for the voice service is considered, RAN2 is suggested to discuss the method to distinguish the different L2 header formats for voice service and other service.

	[6] R2-2209389

	Proposal 1: The mapping function of SDAP is not required for VoNR in NTN network. 

Proposal 2: VoNR can be configured as TM mode to reduce the protocol overhead.

	[7] R2-2210033


	Proposal 1: No spec impact is needed for SDAP/PDCP/MAC to reduce RAN overhead for VoNR

Proposal 2: RAN2 consider enhancement of RLC layer to reduce RLC header size for VoNR.

Proposal 3: RAN2 to discuss whether length field of MAC header can be removed for VoNR.

	[8] R2-2209508


	Proposal 1: RAN2 does not identify necessary/feasible enhancements to be supported on RAN overhead reduction for VoNR from RAN2 perspective. This could be considered as the RAN2 study phase outcome.

	[3] R2-2210285
	Proposal 2: Protocol overhead reduction is not pursued for coverage enhancements.

	[9] R2-2210566
	Proposal 1. RAN2 do not study the L2 header reduction in NTN.


Q5. Do you agree SDAP header and MAC-I field do not need to be configured for DRB carrying the voice traffic or low data rate traffic to reduce protocol overhead?
	Company name
	Yes/No
	Comments

	MediaTek
	No
	SDAP header is responsible for QoS flow mapping to the DRBs. Hence, without SDAP header it is not sure how the QoS mapping will be done for VoNR packets.

	Intel
	No
	Every L2 header has a corresponding function, we see no good reason to remove them. According to RAN1 simulation results, most companies showed that when DMRS bundling is enabled, the coverage can be improved to meet NTN requirements. So we think actually no RAN2 enhancements for coverage is necessary, especially considering protocol overhead reduction can lead to very large spec impact.

	Lenovo
	No
	We think this is a large spec change in SDAP with possible further issues (e.g. QoS management) and little benefit.


The contributions [4], [5], [6] and [7] propose that RLC header can be reduced considering network can avoid segmentation with appropriate TBS allocation for voice traffic and due to long RTT, retransmission of voice packets can also be disabled.

Q6. Do you agree to consider enhancement of RLC layer to reduce RLC header size for VoNR in NTN (for example, configuring RLC TM mode)?
	Company name
	Yes/No
	Comments

	MediaTek
	No
	The design is based on the assumption of fixed voice packet sizes. However, for RoHC, the compressor need to periodically send IR format, so sometimes the voice SDU size can be larger. RLC TM mode should not be used.

	Intel
	No
	Please see our comments in response to Q5.

	Lenovo
	No
	We think this is a large spec change in RLC with possible sacrifice in robustness and little benefit.


The contributions [4] and [5] propose that PDCP SN length of 12 bit or 18 bit is not necessary and 1-byte PDCP header can be considered since retransmission of voice packet is not expected and reordering window can be smaller.

Q7. Do you agree to consider enhancement for 1-byte PDCP header for VoNR in NTN?
	Company name
	Yes/No
	Comments

	MediaTek
	Yes
	RAN2 can study and discuss on PDCP header enhancement.

	Intel
	No
	Please see our comments in response to Q5.

	Lenovo
	No
	We think this is a large spec change in PDCP with possible issues (e.g. integrity protection and Data/Control PDU indication) and little benefit.


The contributions [4] and [5] propose that the L field from MAC header can also be removed by a new spare 6 bit LCID code point as the VoNR packet size can be known with the given codec rate.
Q8. Do you agree to consider enhancement for 1-byte MAC header for VoNR in NTN?
	Company name
	Yes/No
	Comments

	MediaTek
	No
	The design is based on the assumption of fixed voice packet size, which is not always true.

	Intel
	No
	Please see our comments in response to Q5.

	Lenovo
	No
	We think this is a large spec change in MAC with possible sacrifice in robustness and little benefit.


Contribution [4] proposes that PDCP compression of ROHC header can be used to save 1 byte from the ROHC header and CRC check can be ignored at ROHC when PDCP compression of ROHC header is configured. As 16 bit CRC check in PHY layer is used, it can be clarified that when PDCP compression of ROHC header is used, the CRC check is ignored at ROHC protocol. The SN in ROHC can be associated with the PDCP SN.
Q9. Do you agree to associate the SN in ROHC header with the PDCP SN to reduce 1 byte overhead for VoNR in NTN?
	Company name
	Yes/No
	Comments

	MediaTek
	No
	We have strong concerns on removing CRC header, as it is used to ensure RoHC context sync. We think CRC is needed in ROHC.

	Intel
	No
	Please see our comments in response to Q5.

	Lenovo
	No
	We think this is a large spec change in ROHC mechanism with possible issues (e.g. multiplexing) and little benefit.


Contributions [8], [3] and [9] propose not to consider protocol overhead reduction.
Q10. Do you agree RAN2 should not consider any of the options in Q5, Q6, Q7, Q8 and Q9 as L2 protocol header reduction for coverage enhancement in NTN?

	Company name
	Yes/No
	Comments

	MediaTek
	Q5, Q6: No
Q7: Ok

Q8, Q9: No
	

	Intel
	ok to not consider all of them
	

	Lenovo
	Yes
	


Coverage enhancement in general
	Tdoc
	Coverage enhancement in general

	[3] R2-2210285
	Proposal 1: RAN2 wait until more progress in RAN1 to discuss whether anything needs to be done in RAN to trigger voice frame aggregation.

	[10] R2-2209406
	Proposal 5: Other coverage enhancement specific for NTN in RAN2 can be studied after more inputs achieved in RAN1.

	[11] R2-2210685
	Proposal 1: RAN2 to postpone the discussion of high layer coverage enhancements and wait for further input from RAN1.


Q11. Do you agree RAN2 should wait for more input from RAN1 for guidance in protocol overhead reduction study?

	Company name
	Yes/No
	Comments

	MediaTek
	Yes
	We should wait for RAN1 and allow them to make some more progress

	Intel
	Yes
	

	Lenovo
	Yes
	


Q12. If your answer to Q11 is yes, do you agree to send LS to RAN1 to ask feedback?

	Company name
	Yes/No
	Comments

	MediaTek
	No
	We don’t think sending an LS is needed at this time.

	Intel
	No
	RAN1 is already working on it, no need to send an LS.

	Lenovo
	No
	No need to send LS.


3. Conclusion

Following proposals are made [to be updated…].
No table of contents entries found.
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