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1. Introduction
This document is made for discussion on coverage enhancement for NR NTN. Schedule for discussion is below in UTC time. FL requests companies to consider the schedule.
· 1st offline session: 11:00 – 12:00 on Monday
· 1st online session: 14:30 – 15:30 on Tuesday
· 2nd offline session: 09:30 – 10:30 on Wednesday
· 2nd online session: 11:30 – 13:00 on Thursday
· 3rd offline session: 15:30 – 16:30 on Thursday
· 3rd online session: 11:00 – 12:00 on Friday

This topic is mentioned in Rel-18 NR NTN WID as captured in Appendix-1. As discussed/concluded at the previous RAN plenary meeting, we focus on coverage enhancement of PUCCH for Msg4 HARQ-ACK and discussion of DMRS-bundling for PUSCH. Although FL found that several companies propose other mechanisms in their contributions as summarized in section 5.3, they (except for one topic) will not be handled since not aligned with the WID description.

In this meeting, FL’s plan is to agree at least the following aspects.
· For PUCCH of Msg4 HARQ-ACK
· UE behavior regarding repetition request vs capability report
· Option list for how to transmit information from UE
· Option list for dynamic indication by gNB
· For PUSCH DMRS-bundling
· UE pre-compensation within each actual TDW
· Applicable DMRS bundling length in the existing RAN4 requirement
· Option list for high-level concept

 In the end, we have agreed below:
· For PUCCH of Msg4 HARQ-ACK
· UE behavior regarding repetition request vs capability report
· Option list for how to transmit information from UE
· Option list for dynamic indication by gNB
· For PUSCH DMRS bundling
· Observation for Timing error limit and Frequency error limit

FL assumes that at least the following should be discussed in the next meeting while plan may be changed after further consideration.
· For PUCCH of Msg4 HARQ-ACK
· UE behavior when no repetition factor is configured
· Discussion/down-selection from option lists
· Capability aspect
· For PUSCH DMRS bundling
· Observation regarding phase difference limit with corresponding RAN1 assumption/work including potential LS to RAN4
· Discussion on whether enhancement of nominal/actual TDW determination is necessary or not

In addition, ‘contact information’ in the last section is copied from the summary at the last meeting. Anyone can use/add/update/remove some of the list if necessary.


2. Collections of agreements/conclusions in RAN1#112
Observation
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation update is assumed
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· FFS: impact of phase difference limit

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following options as container of the [repetition request or capability report] indicated by UE.
· Option A: PRACH preamble and/or occasion
· FFS: whether PRACH resource partitioning is needed for indication of [repetition request  or capability report]
· FFS: whether or not indication of repetition factor is assumed 
· Note: the relation with R18 NR coverage enhancements for PRACH may need to be considered in future meetings
· Option B: Higher layer signaling in Msg3 PUSCH
· FFS: which signaling is used
· Note: if higher layer signaling is preferred in RAN1, the feasibility will be asked to RAN2.
· Option C: Physical layer signaling in Msg3 PUSCH
· FFS: which signaling is used, e.g. DMRS ports

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following alternatives for dynamic indication of repetition factor from gNB.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field
· Alt 1-2: New field with one or two bits
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a pre-defined/configured relationship between PUCCH repetition factor and Msg3 repetition factor
· Note: it is assumed that there is impact on DCI design
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· One or two CRC bits other than bits scrambled by TC-RNTI is used for the dynamic indication, etc.
· Alt 4: Implicit mapping between Msg4 HARQ ACK repetition factor and indication of Msg3 PUSCH repetition with no re-interpreted field / new field (i.e. no change to DCI design)

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured and the configured RSRP threshold is smaller than X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If the RSRP threshold is not configured, or if the configured RSRP threshold is X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report


3. Proposals for agreements/conclusions
[bookmark: _Hlk128669305]

4. Discussion
As in the previous meeting, FL recommends companies to use the following values for discussion in this meeting if any and for future evaluations. Still FL found that some companies are using different values to make observations/proposals. Observations/proposals may be changed dependent on the applied CNR value; thus different values should not be chosen among companies.
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle [degree]
	Frequency [GHz]
	UE antenna gain [dBi]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	No. of PRBs
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	3
	LEO-1200
	1
	30
	2.0
	-5.5
	18.0
	1.1
	1
	0.18
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-8.1
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	0.72
	
	
	
	
	
	
	-14.1

	
	
	
	
	
	
	
	
	6
	1.08
	
	
	
	
	
	
	-15.9



4.1. PUCCH enhancements for Msg4 HARQ-ACK
4.1.1. [Closed/High] Repetition request vs Capability report
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion



RAN1 agreed the above as working assumption. The first issue is information details transmitted from UE to gNB. In Rel-17 Msg3 PUSCH repetition, UE transmits repetition request based on its own measurement result and RSRP threshold (rsrp-ThresholdMsg3-r17) via PRACH preamble/occasion (FeatureCombinationPreambles).
For PUCCH repetition for Msg4 HARQ-ACK, there are three options as high-level direction. Companies’ views can be summarized as follows.

---
· Option 1: Repetition request
· 17 companies [1/HW, HiSi] [3/Spreadtrum] [4/OPPO] [6/vivo (for multiple factors)] [7/NTPU, NYCU (for multiple factors)] [9/Baicells (for multiple factors)] [10/CATT] [11/ZTE (for multiple factors)] [15/Panasonic] [17/Intel] [18/CMCC (for multiple factors)] [19/ETRI (for multiple factors)] [20/MTK] [23/Apple] [25/DCM] [26/Sharp] [27/Ericsson])
· UE capable of this repetition can send a repetition request. The condition is FFS (e.g., RSRP measurement as supported for R17 Msg3 repetition)
· Supporting companies’ arguments:
· [10/CATT] [26/Sharp] Actually even if UE has the capability to do PUCCH repetition but it doesn’t mean UE always to do repetition.
· [15/Panasonic] UE can estimate more precisely than gNB whether repetitions would be necessary based on DL channel measurement
· Non-supporting companies’ arguments
· [5/Nokia, NSB] such an approach would be disregarding the gNB receiver conditions with respect to the interference situation and hence would be rather suboptimal
· Option 2: Capability report
· 12 companies [3/Spreadtrum] [5/Nokia, NSB] [6/vivo (for multiple factors)] [8/xiaomi] [12/NEC] [17/Intel] [18/CMCC (for single factor)] [19/ETRI] [20/MTK (?)] [24/QC] [25/DCM] [27/Ericsson]
· UE capable of this repetition shall send the capability always.
· Option 3: No information report
· 4 companies [6/vivo (for single factor)] [7/NTPU, NYCU (for single factor)] [9/Baicells (for single factor)] [11/ZTE (for single factor)]
· Mainly for the case where only a single repetition factor is configured, UE does not transmit any information.
· Non-supporting companies’ arguments
· [27/Ericsson] If only one repetition factor is configured via SIB (first sub-bullet in the working assumption), it is our understanding that there is no dynamic indication in DCI that the network can use to request the UE to perform the number of repetitions configured in SIB. In this case, all UE requesting Msg4 HARQ-ACK repetitions will transmit the configured number of repetitions, while (obviously) UE without repetition capability will not. To allocate the appropriate amount of UL resources, the network needs to know the UE capability.
---

Based on companies’ contributions, FL’s observation is that at least Option 3 has a problem as pointed out by [27/Ericsson]. gNB side needs to know the UE capability; otherwise, gNB shall assume all UEs are capable and allocate each PUCCH resource with the assumption that repetition is performed. If there is no counterargument, we can conclude that Option 3 is not a good way.
Regarding Option 1 vs Option 2, it seems that companies’ thinking is divergent regarding whether UE measurement is more reliable or gNB measurement is more reliable. Besides, three companies ([17/Intel] [25/DCM] [27/Ericsson]) commented that there is no need to do down-selection between Option 1 and Option 2 and alternatively either can be selected by gNB. In addition, FL found that even in R17 Msg3 repetition request, Option 2 is possible by configuring rsrp-ThresholdMsg3-r17 = 127 (infinity).
	    rsrp-ThresholdMsg3-r17              RSRP-Range                            OPTIONAL, -- Need R
[bookmark: _Toc60777361][bookmark: _Toc124713327]
–	RSRP-Range
The IE RSRP-Range specifies the value range used in RSRP measurements and thresholds. For measurements, integer value for RSRP measurements is according to Table 10.1.6.1-1 in TS 38.133 [14]. For thresholds, the actual value is (IE value – 156) dBm, except for the IE value 127, in which case the actual value is infinity.

RSRP-Range ::=                      INTEGER(0..127)


Therefore, FL suggest agreeing Option 1 + Option 2 with gNB configurability.

Another aspect to be discussed with this information report perspective is that repetition factor report from UE to gNB. At least FL found that three companies [11/ZTE] [19/ETRI] [20/MTK] proposed this feature, but at the same time there are objections from more (7) companies [10/CATT] [17/Intel] [18/CMCC] [22/Samsung] [24/QC] [25/DCM] [27/Ericsson]. Their view is that repetition factor should be determined by gNB based on gNB measurement. At least FL could not find from supporting companies’ contributions the reason why different mechanism from R17 Msg3 repetition is necessary. This PUCCH repetition is to be used with Msg3 repetition as evaluated in the early stage of R18, and when Msg3 repetition is scheduled to a UE, gNB will know the UE’s channel quality.


4.1.1.1. 1st input
Proposal 1-1_v0
For PUCCH repetition for Msg4 HARQ-ACK, if one or more repetition factors are configured via SIB,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits either of the following options. Either is determined by gNB.
· Option 1: Repetition request
· Option 2: Capability report
· FFS: how to configure/indicate to UE (e.g., by configuring RSRP-Range = 127 for RSRP threshold as in R17 Msg3 repetition feature)
·  Repetition factor is not requested/indicated from UE, as in R17 Msg3 repetition feature.

Q: Do you agree the above proposal? If NO, please share the reason and how the proposal should be updated.
	Company
	YES/NO
	Comment

	MediaTek
	YES
	UE indication of Msg4 HARQ ACK repetition and capability can be compatible with gNB measurements, as the gNB can override the UE request based on gNB implementation.

	OPPO
	Partially
	We agree with FL that repetition request or capability report can be selected by gNB configuring appropriate RSRP threshold. However, in this case, UE transmitting repetition request/capability report only depends on whether the RSRP threshold is configured in SIB, instead of the repetition factor. Thus, the condition “if one or more repetition factors are configured via SIB” should be removed.

	ZTE
	No
	In our view, if option 1, i.e., repetition request, is supported, it means that channel condition is known by UE. In such case, indication of repetition factor from UE to gNB is beneficial. In msg3 repetition, UE does not have proper signaling to report detailed requested repetition factor. However, it is different for PUCCH of msg4 HARQ-ACK, since UE can utilize the msg3 to transmit more detailed information. Hence, UE directly determine the PUCCH repetition factor and report to network is more preferred than option 1. 
If repetition factor indication from UE is not agreeable, it means that gNB should be in control of determining the repetition. In such case, UE only needs to report the capability since the channel measurement and repetition determination should be determined by gNB. 
Therefore, our first priority is to support UE to determine PUCCH repetition factor and report to gNB, without dynamic indication from gNB. If the group think repetition should be determined by gNB, we only support option 2 since we do not see clear motivation to only support option 1, i.e., indicating a request, but not support indicating requested repetition factor.

	Panasonic
	YES
	We agree that repetition request or capability report are necessary for both configurations of one repetition factor and more than one repetition factors. Repetition request or capability report can be configured by gNB using the RSRP threshold as in Msg3 PUSCH repetition. 

	Ericsson
	YES
	Regarding the FFS: Option 1 could be indicated by presence of the RSRP threshold and Option 2 indicated by absence of the threshold in SIB (assuming the threshold is an optional IE).

	Apple
	
	The first bullet specifies the behavior of a UE capable of PUCCH repetition. We think the behavior for a UE not capable of PUCCH repetition should also be clarified in the proposal, e.g., “UE incapable of PUCCH repetition for Msg4 HARQ-ACK does not request repetition or indicates repetition capability.”
Also, Option 1 may include both repetition request and capability report, instead of simply repetition request. 

	Huawei, HiSilicon
	
	We can understand the intention for the compromise to support both and leave it to gNB configuration. 
In our view, Option 1 needs to specify/configure a threshold so that UE can be based on the measurement to decide whether a request of repetition is needed. For capability report, it seems there is no need for a threshold. This can be clarified in each options.
BTW, for the capability report, maybe a wording of “report of being capable of PUCCH repetition for Msg4-ACK in RACH procedure” is better to avoid any confusion with RRC signaling based capability reporting. 

	CMCC
	YES
	UE capable of PUCCH repetition for Msg4 HARQ-ACK can request repetition or report capability to enable gNB know that the UE transmit PUCCH repetition via corresponding PUCCH resource. UE can choose whether to send repetition request based on the configured RSRP threshold. 

	Xiaomi
	Yes
	

	LG
	YES
	Regarding the First bullet, we are fine with this proposal. But, we slightly prefer to support only one option (i.e., either is fine).

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




4.1.1.2. 1st offline
Proposal 1-1_v1
For PUCCH repetition for Msg4 HARQ-ACK, if one or more repetition factors are configured via SIB,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits either of the following options. Either is determined by gNB.
· Option 1: Repetition request
· Option 2: Capability report (i.e., report of being capable of PUCCH repetition for Msg4 HARQ-ACK)
· FFS: how to configure/indicate to UE (e.g., by configuring RSRP-Range = 127 for RSRP threshold as in R17 Msg3 repetition feature)
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
· [Repetition factor is not requested/indicated from UE, as in R17 Msg3 repetition feature.]

4.1.1.3. 1st online

Proposal 1-1_v2
For PUCCH repetition for Msg4 HARQ-ACK, if one or moremultiple repetition factors are configured via SIB,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits either according to one of the following options, . Either isas determined by gNB.
· Option 1: Repetition request
· Option 2: Capability report (i.e., report of being capable of PUCCH repetition for Msg4 HARQ-ACK)
· FFS: how to configure/indicate to UE (e.g., by configuring RSRP-Range = 127 for RSRP threshold as in R17 Msg3 repetition feature)
· Repetition factor is not requested/indicated from UE
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
· [Repetition factor is not requested/indicated from UE, as in R17 Msg3 repetition feature.]


4.1.1.4. 2nd input
From the discussion at the last online session, at least clarification on Option 1 seems to be necessary, and FL suggests merging proposal 1-4 since the proposal is a kind of clarification on Option 1.
Regarding whether UE can transmit required repetition factor or not, although more companies think this feature is unnecessary, still some companies argued it should be supported. The main point of this proposal is Option 1 vs Option 2, so FL suggests that this point is set to FFS.
For the main bullet, as some companies commented in the online session, even when only a single factor is configured, NW side needs to know which UE can/will perform repetition; otherwise, NW shall assume repetition is performed and as a result, resource efficiency becomes low. Without solving this concern, FL suggests keeping ‘one or more’ in the main bullet.

Proposal (1-1 + 1-4)_v3
For PUCCH repetition for Msg4 HARQ-ACK, if one or more repetition factors are configured via SIB,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits according to one of the following options, as determined by gNB.
· Option 1: Repetition request
· UE transmits repetition request if measured RSRP is lower than a RSRP threshold.
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Option 2: Capability report (i.e., report of being capable of PUCCH repetition for Msg4 HARQ-ACK)
· FFS: how to configure/indicate either option to UE (e.g., by configuring RSRP-Range = 127 for RSRP threshold as in R17 Msg3 repetition feature)
· FFS: UE does not request/indicate repetition factor
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report


Q: Please share comment ONLY if you have concern.
	Company
	Comment

	OPPO
	We do not support the proposal. As we commented in the 1st round discussion, we agree that the repetition request or capability report can be selected by gNB configuration, e.g., when configuring the RSRP threshold for Msg4 PUCCH repetition = 127(infinity), the repetition request can also be regarded as capability report. 
However, in the above procedure, we do not see the necessity of PUCCH repetition factor. In addition, we note that even in Msg3 PUSCH repetition, the Msg3 repetition factor IE is not mandatorily configured. Thus, we suggest to remove the condition “if one or more repetition factors are configured via SIB” in the main bullet, or set to FFS.
[image: ]

	Xiaomi
	Our first preference is Option 2 as capability report. We are okay with Option 1 if the  RSRP threshold candidate at least include RSRP-Range = 127, and suggest to merge the Option 1 and option 2 as following: 
For PUCCH repetition for Msg4 HARQ-ACK, if one or more repetition factors are configured via SIB,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: for either Alt A or Alt B, a special threshold whose actual RSRP value is infinity, e.g., RSRP-Range = 127 can be configured.


	QC
	We don’t see the benefit of a RSRP threshold. However, we are OK to introduce it. The two options can be combined as below:
For PUCCH repetition for Msg4 HARQ-ACK,
· Support the configuration of a RSRP threshold via SIB

· if one or more repetition factors are configured via SIB, UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits an indication to the network if the above RSRP threshold is configured and larger than the  measured RSRP or if  the  above RSRP threshold is not configured.

· FFS Signaling details of the above RSRP threshold


	LG
	In this proposal, it seems that only if Option 1 is configured, UE transmits the repetition request if measured RSRP is lower than a RSRP threshold. However, we think that even if Option 2 is configured, UE also transmits its capability if measured RSRP is lower than a RSRP threshold. 
Therefore, we are not sure why both options are needed since Option 1 and Option 2 seems to be very similar in terms of gNB/UE behavior. So, we prefer to support only one option (i.e., either is fine).

	Lenovo
	We agree with QC to merge the two options and also with the suggested modifications.

	Samsung
	We think that Option 1 includes also a capability report because the repetition request (to transmit PUCCH for Msg4 HARQ-ACK with repetitions) is a way for the UE to report implicitly its capability to transmit the PUCCH with repetitions.
The last FFS, “FFS: UE does not request/indicate repetition factor”, should be delete since the main proposal is already about how to report “repetition information”.

	MediaTek
	Support proposal. Either option could be specified. The simplest way would be option 2.
We have preference for Alt-A, as it seems natural that if a threshold is used it can be the same as for Msg3 repetitions assuming the DL path loss does not change significantly during contention resolution on RA procedure.




4.1.1.5. 2nd offline

Proposal (1-1 + 1-4)_v4
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB.
· If configured and the configured RSRP-range is smaller than 127,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If not configured or the configured RSRP-range is 127 (i.e., infinite),
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report

4.1.1.6. 3rd input

Q: Please share comment ONLY if you have concern on Proposal (1-1 + 1-4)_v4.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	



4.1.1.7. Outcome
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured and the configured RSRP threshold is smaller than X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If the RSRP threshold is not configured, or if the configured RSRP threshold is X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report


[FL] Companies are encouraged to check whether the case where RSRP threshold is not configured is feasible or not.


4.1.2. [Closed/High] How to transmit information from UE
The second issue in the agreed working assumption above is signaling details of information transmission from UE to gNB. In Rel-17 Msg3 PUSCH repetition, separate PRACH preamble/occasion is used for the information transmission. SIB includes FeatureCombinationPreamblesList in RACH-ConfigCommon and each FeatureCombinationPreambles defines PRACH preambles/occasions for a set of features configured in FeatureCombination (e.g., redCap-r17, msg3-Reptitions-r17, etc.).
For PUCCH repetition for Msg4 HARQ-ACK, there are three options as high-level direction. Companies’ views can be summarized as follows.

---
· Option A: PRACH preamble and/or occasion
· 10 companies [1/HW, HiSi] [3/Spreadtrum] [6/vivo] [10/CATT] [12/NEC] [15/Panasonic] [18/CMCC] [19/ETRI] [22/Samsung (?)] [23/Apple]
· UE that would transmit information for PUCCH repetition for Msg4 HARQ-ACK uses separate PRACH preamble and/or occasion as in R17 Msg3 repetition. For example, FeatureCombination can include msg4harqack-Repetitions-r18 newly.
· Supporting companies’ arguments:
· [15/Panasonic] the number of resource partitions (i.e. group of resources) can be reduced by restricting the combinations, e.g. UE requesting Msg.4 PUCCH repetition should always request Msg.3 PUSCH repetition and PRACH repetition
· [18/CMCC] it is simpler that the similar mechanism for Msg3 repetition in Rel-17 can be reused in this scenario
· Non-supporting companies’ arguments
· [5/Nokia, NSB] Observation 7: Indication of PUCCH repetition capability via Msg1 generates segmentation of the configured preambles, leading to increased collision probability.
· [26/Sharp] the information is provided by PRACH resource/sequence, which causes PRACH resource segmentation
· [27/Ericsson] Excessive partitioning of the PRACH resources may cause capacity problems for PRACH and increases complexity. Knowledge of the UE’s need for Msg4 HARQ-ACK repetition is not needed in the network until after Msg3 is received.
· Option B: Msg3 PUSCH
· 10 companies [3/Spreadtrum] [7/NTPU, NYCU] [8/xiaomi] [11/ZTE] [19/ETRI] [20/MTK] [24/QC] [25/DCM] [26/Sharp] [27/Ericsson]
· UE that would transmit information for PUCCH repetition for Msg4 HARQ-ACK conveys the information on Msg3 PUSCH. There are two sub-options of physical layer signaling and higher layer signaling. Note that Msg3 contents = MAC subheader 8 bits (R, R, 6-bit LCID) + CCCH 48 bits (rrcSetupRequest)
· Non-supporting companies’ arguments
· [22/Samsung] ‘Msg3 PUSCH’ option doesn’t provide any benefit since gNB still needs to perform blind detection in order to differentiate between “repetition-capable UE”, and “non-capable UE” using different payload or resources
· [23/Apple] it is unclear how Msg 3 PUSCH can be used to deliver the PUCCH repetition request information. First, we do not think high layer signaling of Msg3 should be changed for this purpose. Second, using a dedicated scrambling to Msg 3 PUSCH or using a dedicated DMRS port for Msg 3 PUSCH has significant specification impact and increases network detection complexity.
· Option C: PUCCH for Msg4 HARQ-ACK
· 1 company [5/Nokia, NSB]
· Supporting companies’ arguments:
· [5/Nokia, NSB] Indication of PUCCH repetition capability via Msg4 HARQ-ACK PUCCH would be possible if the indication is carried by the PUCCH signal characteristics rather than the UCI, considering that the information of whether or not a UE supports the PUCCH repetitions needs to be known at gNB before the demodulation and decoding of the PUCCH.
---

Based on companies’ contributions, FL’s observation is that further discussion for details of each is necessary. For Option A, several companies raised a concern on further PRACH fragmentation. Although some companies suggest introducing solution to solve the issue, e.g., by the same PRACH preamble/occasion with Msg3 repetition request, it seems that such a mechanism is possible by just adding ‘msg4harqack-Repetitions-r18’-like parameter in FeatureCombination. Whether this way can solve their concern. For Option B, FL feels that the intended mechanism may not be shared among companies correctly. After having the same understanding, pros/cons can be discussed fairly. Regarding sub-options of Option B, FL recommends focusing on higher layer signaling since for physical layer signaling, some companies (e.g., [3/Spreadtrum] [22/Samsung]) show their concern on specification efforts perspective and the proposing company [24/QC] is also supportive of higher-layer signaling.
On Option C, actually this option was discussed at the last meeting, but most companies do not think this option is workable. Besides, as pointed out by [27/Ericsson] (see the last section), it would be required that gNB knows each UE’s information before Msg4 scheduling. FL observes that Option C leads to this concern. FL suggests dropping Option C.

4.1.2.1. 1st input
Proposal 1-2_v0
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following options as container of the [repetition request or capability report] transmitted by UE.
· Option A: PRACH preamble and/or occasion
· FFS: relationship with R17 Msg3 repetition request and/or R18 PRACH repetition (e.g., the PUCCH repetition is requested always with R18 Msg repetition, etc.)
· FFS: whether/how to avoid further fragmentation of PRACH resources
· Option B: Higher layer payload in Msg3 PUSCH
· FFS: which signaling is used (e.g., reserved LCID codepoint(s) in table 6.2.1-2 of TS 38.321, ‘R’ bits in MAC subheader of Figure 6.1.2-3 of TS 38.321, etc.) 

Q: Do you agree the above proposal? If NO, please share the reason and how the proposal should be updated. Note that down-selection is planned AFTER agreeing this proposal.
	Company
	YES/NO
	Comment

	MediaTek
	
	Option A: YESwith clarification. We think the moderator proposal first bullet could be re-written to reflect more clearly implicit indication with mapping between MSG3 repetitions and MSG4 HARQ ACK repetitions, which does not require any enhancements for RACH preamble and/or occasion. It seems unnecessary to increase RACH partitioning, as already done for MSG3 repetition capability indication
Option B: YES. Details can be discussed.

	OPPO
	YES
	Detailed discussion for each option is needed, and we slightly prefer Option A. 
For option A, if the parameter related to Msg4 PUCCH repetition is added in FeatureCombination. Requesting Msg4 PUCCH repetition and Msg3 PUSCH repetition simultaneously through the same PRACH resource is possible by implementation, e.g., both features in FeatureCombination are set to ‘true’, which can mitigate fragmentation of PRACH resources.
For Option B, in our understanding, at least 4 of the 7 reserved LCID codepoints are needed to support Msg4 PUCCH repetition for RedCap UEs and/or CCCH size of 48 and 64 bits, so the spec impact is non-trivial.

	ZTE
	Yes
	Fine to further discuss

	Panasonic
	YES
	We basically agree with the direction, but Option B should be discussed in RAN2. The following wording in Option A is unclear to us, “e.g., the PUCCH repetition is requested always with R18 Msg repetition, etc.”. “e.g., the PUCCH repetition is requested always with R17 Msg 3 repetition and/or R18 PRACH repetition, etc.” may be clearer.

	Ericsson
	YES
	Our preference is Option B and in particular using “R” (reserved) bit in MAC subheader of Msg3. If LCID is used, more than one LCID codepoint would be needed. In Rel-17, four LCID codepoints are used to indicate different types of CCCH (for RedCap/non-RedCap UE and for 48 bits/64 bits CCCH length). For full flexibility, four new LCID would be needed codepoints to indicate Msg4 HARQ-ACK repetition request with/without RedCap and for 48/64 bits CCCH. 
Fine to drop Option C.

	Apple
	Yes
	We prefer Option A, and do not prefer MAC layer (e.g., LCID codepoint(s) or MAC subheader) is modified for the purpose of indicating PUCCH repetition for Msg4 HARQ-ACK. 

	Huawei, HiSilicon
	
	Basically, we are fine with the proposal, and it is good to exclude any DMRS-port or scrambling of Msg3 based report, considering gNB complexity impact.
We think option A is the similar mechanism used for Msg3 repetition, and it is straight forward to reuse the same mechanism.
For option B, we would like to know how RAN1 can judge whether the solution has no compatible issue. If option B is further considered, it needs RAN2’s involvement to check the feasibility and pros/cons, considering it is purely in RAN2 scope. 


	CMCC
	YES
	We prefer Option A, considering Msg3 PUSCH and Msg4 HARQ-ACK may suffer similar worse channel quality, the repetition request  PUCCH repetition for Msg4 HARQ-ACK can be transmitted by  PRACH preamble together with PRACH preamble/occasion of Msg3 repetition request to avoid further partitioning of PRACH resources.
For Option B, we are fine to discuss higher layer signalling of Msg3 used for repetition request.

	Xiaomi
	Yes
	We are fine with the proposal. For Option A, it seems that the 1st sub-bullet is one possible solution for the 2nd sub-bullet, it is suggested to change Option A as following :
· Option A: PRACH preamble and/or occasion
· FFS: whether/how to avoid further fragmentation of PRACH resources, e.g., conduct relationship with  R17 Msg3 repetition request to avoid further fragmentation of PRACH resources.


	LG
	YES
	We prefer to support Option A. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



4.1.2.2. 1st offline
Proposal 1-2_v1
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following options as container of the [repetition request or capability report] transmitted by UE.
· Option A: PRACH preamble and/or occasion
· FFS: relationship with R17 Msg3 repetition request and/or R18 PRACH repetition (e.g., the PUCCH repetition is requested always with R18 Msg repetition, etc.)
· FFS: whether/how to avoid further fragmentation of PRACH resources
· Option B: Higher layer payload in Msg3 PUSCH
· FFS: which signaling is used (e.g., reserved LCID codepoint(s) in table 6.2.1-2 of TS 38.321, ‘R’ bits in MAC subheader of Figure 6.1.2-3 of TS 38.321, etc.)
· Note: if agreed in RAN1, the feasibility will be asked to RAN2.

[FL] this proposal will be discussed in offline/online without further input phase.
· To MTK, your suggestion is included in the first FFS (‘e.g.’ part)
· To HW, Option B does not include DMRS-port or scrambling of Msg3 based report.
· To Xiaomi, the first FFS may not be related to the fragmentation avoidance. This is why I made two separate FFSs.


4.1.2.3. 2nd online

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following options as container of the [repetition request or capability report] indicated by UE.
· Option A: PRACH preamble and/or occasion
· FFS: whether PRACH resource partitioning is needed for indication of [repetition request  or capability report]
· FFS: whether or not indication of repetition factor is assumed 
· Note: the relation with R18 NR coverage enhancements for PRACH may need to be considered in future meetings
· Option B: Higher layer signaling in Msg3 PUSCH
· FFS: which signaling is used
· Note: if higher layer signaling is preferred in RAN1, the feasibility will be asked to RAN2.
· Option C: Physical layer signaling in Msg3 PUSCH
· FFS: which signaling is used, e.g. DMRS ports

The above working assumption was reached. Now this section is closed.


4.1.3. [Closed/High] Dynamic indication by gNB
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion


The third issue in the agreed working assumption above is signaling details for dynamic indication by gNB. In Rel-17 Msg3 PUSCH repetition, some bits of MCS information field in DCI format scheduling Msg3 PUSCH are used to indicate the repetition factor. This mechanism was adopted on top of the assumption that typically higher MCS is not used for RAR UL grant.
For PUCCH repetition for Msg4 HARQ-ACK, there are three alternatives as high-level direction. Companies’ views can be summarized as follows.

---
· [bookmark: _Hlk127986973]Alt 1: Field in DCI scheduling the Msg4 PDSCH
· 14 companies [1/HW, HiSi] [4/OPPO] [8/xiaomi] [15/Panasonic] [16/Lenovo (?)] [17/Intel] [19/ETRI] [20/MTK] [22/Samsung] [23/Apple] [24/QC] [25/DCM] [26/Sharp] [27/Ericsson]
· Some DCI field in DCI scheduling the Msg4 PDSCH is used for the dynamic indication. There are two sub-options in this option: Reusing the existing field as in R17 Msg3 repetition or defining a new field.
· For the first sub-option, MCS information / PRI / HPN / DAI / K1 / TPC are proposed.
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· 2 companies [18/CMCC] [20/MTK]
· Repetition factor for PUCCH Msg4 HARQ-ACK is jointly indicated with Msg3 repetition indication via RAR UL grant.
· Supporting companies’ arguments:
· [18/CMCC] Considering the payload of PUSCH carry Msg3 is usually larger than that of Msg4 HARQ-ACK，the repetition factor of Msg4 HARQ-ACK can be same or the fraction of the Msg3 repetition factor by pre-defined rule.
· [20/MTK] It is reasonable assumption that the path loss experienced by UE for MSG3 transmission would not change significantly with MSG4 HARQ ACK transmission.
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· 1 company [5/Nokia, NSB]
· The following scrambling mechanism is proposed:
[image: テキスト が含まれている画像

自動的に生成された説明]
---

Although FL observed that Alt 1 with sub-option of reusing the existing field, at the same time FL believes that it would be fair to discuss all alternatives further since this is the first meeting for discussion on details of dynamic indication. FL suggests agreeing all alternatives as a list and discussing down-selection later.


4.1.3.1. 1st input
Proposal 1-3_v0
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following alternatives for dynamic indication of repetition factor from gNB.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field
· Alt 1-2: New field with one or two bits
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a pre-defined/configured relationship between PUCCH repetition factor and Msg3 repetition factor
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· One or two CRC bits other than bits scrambled by TC-RNTI is used for the dynamic indication, etc.

Q: Do you agree the above proposal? If NO, please share the reason and how the proposal should be updated. Note that down-selection is planned AFTER agreeing this proposal.
	Company
	YES/NO
	Comment

	MediaTek
	NO
	We are fine with proposal if only Alt-1 and/or Alt-2 are considered. We do not support Alt 3 Changing CRC scrambling of DCI scheduling the Msg4 PDSCH as it has high impact on complexity.

	OPPO
	NO
	We share the similar view as MediaTek.

	ZTE
	No
	As we commented for proposal 1-1, if UE request repetition is supported, UE is able to well measure the channel condition. Hence, UE can determine the repetition factor and indicate to gNB. Then no dynamic indication from gNB is needed. Considering it has not been agreed to let UE report a request or a capability, we think the option that UE determine and report repetition factor should be added as an alternative.

	Panasonic
	YES
	We are ok to discuss the alternatives. Alt 3 is not preferable due to additional transmitter/receiver complexity. Comparing Alt 1 and Alt 2, Alt 1 is simpler and more flexible than Alt 2. In addition, Alt 2 allows different repetition factors for retransmission of Msg4 PDSCH. 

	Ericsson
	YES
	We are supportive of Alt 1-1 and in particular Alt 1-1d.
Alt 1-2 increases the DCI format length which we think should be avoided.
Alt 2 has the drawbacks that (1) measurements on Msg3 cannot be used to determine the number of repetitions for Msg4 HARQ-ACK, and (2) the decision on number of Msg4 HARQ-ACK repetitions must be taken long before (>1.5 RTT) the transmission of the Msg4 HARQ-ACK and jointly with Msg3 repetition factor, which complicates scheduling.
Alt 3 will degrade the error detecting capability of the CRC since any outcome of these 2 bits will be accepted (not detected as an error).

	Apple
	
	We are fine to discuss Alt 1 and Alt 2. 
Consider distributed CRC is applied on DL (i.e., DCI) polar coding where the first 7 CRC bits will be distributed. Alt 3 may increase the decoding complexity in case of CRC-aided listed polar decoding, and hence is not preferred. 

	Huawei, HiSilicon
	
	We are fine to remove some options that are clearly lack of sufficient interest.  Some comments for some of the alternatives:
For Alt.1-2: new bits should not be added if existing field can be reused/reinterpreted to achieve the purpose. 
Not support Alt3 as it will increase the CRC missing detection probability and increase the complexity at the NW side.

	CMCC
	
	We are fine to further down-select between Alt 1 and Alt 2.

	Xiaomi
	Yes, with comments
	We are fine with this proposal and supportive to the down-selection way. But it seems too many alternatives are listed, we think Alt 1-2 should be removed as this new field is redundant to UEs incapable with common PUCCH repetition. For Alt 1-1, we think the detailed existing filed can be discussed after alt 1-1 is agreed. 

	LG
	Yes
	We prefer to support either Alt 1 or Alt 2. Alt 3 is not preferable.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




4.1.3.2. 1st offline
Proposal 1-3_v1
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following alternatives for dynamic indication of repetition factor from gNB.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field
· Alt 1-2: New field with one or two bits
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a pre-defined/configured relationship between PUCCH repetition factor and Msg3 repetition factor
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· One or two CRC bits other than bits scrambled by TC-RNTI is used for the dynamic indication, etc.

[FL] this proposal will be discussed in offline/online without further input phase.
· All companies do not prefer Alt 3. FL recommend removing this alternative.

4.1.3.3. Outcome
Agreement
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following alternatives for dynamic indication of repetition factor from gNB.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field
· Alt 1-2: New field with one or two bits
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a pre-defined/configured relationship between PUCCH repetition factor and Msg3 repetition factor
· Note: it is assumed that there is impact on DCI design
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· One or two CRC bits other than bits scrambled by TC-RNTI is used for the dynamic indication, etc.
· Alt 4: Implicit mapping between Msg4 HARQ ACK repetition factor and indication of Msg3 PUSCH repetition with no re-interpreted field / new field (i.e. no change to DCI design)


4.1.4. [Closed/Low] How to determine whether requested or not
If ‘request’ option discussed in section 4.1.1 is agreed, how each UE determines whether repetition should be requested or not is an issue to be solved. In Rel-17 Msg3 PUSCH repetition, a RSRP threshold is configured as explained in section 4.1.1 and when measured RSRP is lower than the threshold, the UE sends repetition request.
For PUCCH repetition for Msg4 HARQ-ACK, five companies [1/HW, HiSi] [7/NTPU, NYCU] [17/Intel] [23/Apple] [26/Sharp] proposed that the same mechanism should be reused. Although one company [3/Spreadtrum] pointed out that this mechanism is not feasible in NTN cell since measured RSRP is not so different between cell center and cell edge, in FL’s understanding, the important point is whether each UE can satisfy a required RSRP without repetition or not. UE location is not relative to the RSRP-based request determination. 
For the details of RSRP-based request, there are two ways: the same threshold as Msg3 repetition request or different. The number of inputs is not so many, so FL asks to companies which way is preferred.

4.1.4.1. 1st input
Proposal 1-4_v0 (if repetition request is agreed)
For PUCCH repetition for Msg4 HARQ-ACK, UE transmits repetition request if measured RSRP is lower than a RSRP threshold. Discuss the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.

Q: Do you agree the above proposal? If YES, please share which alternative is preferred and the reason. If NO, please share the reason and how the proposal should be updated. Note that this proposal can be tried after repetition request is agreed.
	Company
	YES/NO
	Alt
	Comment

	MediaTek
	YES
	Alt A
	It is reasonable assumption that the path loss experienced by UE for MSG3 transmission would not change significantly with MSG4 HARQ ACK transmission.

	OPPO
	YES
	Alt B
	A new RSRP threshold is beneficial from the system flexibility and backward compatibility.

	ZTE
	No
	
	As we commented for propose 1-1, we think capability report is enough if indication of repetition factor from UE is not supported, since gNB will determine the repetition anyway. If capability report is applied, there is no need to define a threshold.

	Panasonic
	YES
	Alt B
	Because UE requiring Msg 3 repetition does not necessarily needs Msg 4 PUCCH repetition, separate threshold is necessary.  

	Ericsson
	YES
	B
	Msg4 HARQ-ACK is more robust than Msg3.

	Apple
	Yes
	A
	With Alt A, the request of PUCCH repetition for Msg4 HARQ-ACK could be simultaneously sent as the request of Msg3 repetition. This could avoid further fragmentation of PRACH resources. 

	Huawei, HiSilicon
	Yes
	Alt B
	The decoding performance of Msg3 and Msg4 are different. UE that needs PUCCH repetition may not need Msg3 repetition, we prefer to use different PSRP threshold to reduce the potential resource waste.

	CMCC
	YES
	Alt B

	Considering different payload and coverage performance of PUCCH repetition for Msg4 HARQ-ACK and Msg3, separate RSRP threshold can be configured for UE requesting repetition. 

	Xiaomi
	Yes
	Alt B
	The payload of Msg3 and Msg4 HARQ-ACK are different, the RSRP requirement for repetition are different.

	LG
	YES
	
	Either is fine, but Alt A is slightly preferred.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Proposal 1-4_v0 (if repetition request is agreed)
For PUCCH repetition for Msg4 HARQ-ACK, UE transmits repetition request if measured RSRP is lower than a RSRP threshold. Discuss the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.


[FL] Based on discussion on proposal 1-1, FL feels that proposal 4-1 should be included in proposal 1-1. This section is now closed.


4.1.5. [Closed/Low] When repetition factor is not configured
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion


For the FFS with red color above, FL observed that at least 9 companies shared their view. As a result, only one company [1/HW, HiSi] proposed dynamic indication from {1,2,3,4} but the others proposed no repetition as in R17. For example, [15/Panasonic] pointed out that for different behavior from R17, additional indication on whether msg4 PUCCH repetition is supported by the network is necessary. FL does not see any motivation for the direction with further specification efforts since SIB configuration of {1,2,4,8} can achieve the same thing.
Besides, ‘no agreement’ for the FFS case means that no additional behavior is introduced for the case. Then the outcome is that R17 UE behavior is applied as it is. Unless the current situation is changed, we do not need to consume limited time for this discussion.

4.1.5.1. 1st input
Proposal 1-5_v0
For PUCCH repetition for Msg4 HARQ-ACK, no further discussion is expected for UE behavior when repetition factor is not configured via SIB.
· i.e., single PUCCH transmission is performed

Q: Please share comment ONLY if you have concern.
	Company
	Comment

	MediaTek
	Support

	OPPO
	We do not support the proposal. The case that the UE transmits repetition request or capability report but no repetition factor is configured via SIB should be considered. Similar to Msg3 PUSCH repetition procedure, a default PUCCH repetition factor set, e.g., {1,2,4,8}, should be introduced.

	Xiaomi
	Support 

	LG
	If repetition factor is not configured via SIB, then we think that UE does not necessary to request for repetition or to report its capability.



Proposal 1-5_v0
For PUCCH repetition for Msg4 HARQ-ACK, no further discussion is expected for UE behavior when repetition factor is not configured via SIB.
· i.e., single PUCCH transmission is performed

[FL] this proposal will be discussed in offline/online without further input phase.
· To OPPO, as commented by LGE, when repetition factor is not configured, repetition request / capability report is unnecessary/impossible.
 Considering remaining time, this topic will be discussed in future meeting. This section is now closed.

4.1.6. [Closed/Low] Value ‘1’ for the case where only one factor is configured
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion


For the FFS with red color above, two companies [1/HW, HiSi] [6/vivo] proposed that ‘1’ is kept while three companies [17/Intel] [21/LGE] [25/DCM] suggested removing this value. FL could not find why ‘1’ is necessary from any company’s contribution. Although one company [6/vivo] argued that PUCCH transmission with ‘1’ repetition factor should be treated as a kind of repetition (if FL understands correctly), a single PUCCH transmission is handled as non-repetition so far and if this rule is changed, quite so many specification impacts are assumed e.g., PUCCH multiplexing feature, in FL’s understanding.
Therefore, FL would like to ask what is the motivation of configuring ‘1’ if only one factor is configured via SIB and what is difference between no configuration and value ‘1’ configuration.

4.1.6.1. 1st input
Q: For configuration of value ‘1’ if only one repetition factor is configured via SIB, what is the motivation and what is difference between no configuration and value ‘1’ configuration?
	Company
	Comment

	MediaTek
	No strong view. This could be discussed in RAN2

	Ericsson
	We see no reason to have ‘1’.

	LG
	We think there is no reason to indicate ‘1’ in SIB.

	Panasonic
	We don’t see any reason to have “1”. 

	Lenovo
	No reason to have value ‘1’.

	Samsung
	Not necessary to have “1”. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



[FL] There is few inputs so far; please share your view in above.
 It seems that majority view is no necessity to configure only ‘1’. Then FL will make proposal to remove ‘1’ in future meeting, if situation is not changed. Considering the remaining time, this section is closed.


4.1.7. [Closed/Low] UE capability details
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion


For the FFS with red color above, FL found that any company did not propose more than one capability for this feature. 5 companies [4/OPPO] [5/Nokia, NSB] [12/NEC] [15/Panasonic] [25/DCM] proposed a single capability signaling. Although one company [1/HW, HiSi] proposed no capability signaling, one capability signal was introduced for Msg3 PUSCH repetition in R17 (FG 30-6). At least one capability would be necessary for PUCCH repetition for Msg4 HARQ-ACK as well.

4.1.7.1. 1st input
Proposal 1-7_v0
For PUCCH repetition for Msg4 HARQ-ACK, a single capability is defined.
· UE reporting the capability supports any repetition factor, and both repetition with dynamic indication and repetition without dynamic indication.

Q: Do you agree the above proposal? If NO, please share the reason and how the proposal should be updated.
	Company
	YES/NO
	Comment

	MediaTek
	YES
	

	OPPO
	YES
	

	ZTE
	Yes
	

	Panasonic
	YES
	

	Ericsson
	YES
	UE capabilities related to Msg4 HARQ-ACK repetition need to be indicated early to gNB (in Msg1 or Msg3) so the number of bits should be kept to a minimum.

	Apple
	Yes
	

	Huawei, HiSilicon 
	Yes
	

	CMCC
	YES
	

	Xiaomi
	No
	Separate capability is preferred. Suggest the proposal with following change:
For PUCCH repetition for Msg4 HARQ-ACK, separate capability is defined.
· UE reporting the capability supports dynamic indication, semi-static without dynamic indication or both dynamic indication and semi-static repetition without dynamic indication.

	LG
	Yes
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Proposal 1-7_v0
For PUCCH repetition for Msg4 HARQ-ACK, a single capability is defined.
· UE reporting the capability supports any repetition factor, and both repetition with dynamic indication and repetition without dynamic indication.

[FL] this proposal will be discussed in offline/online without further input phase.
· Based on majority preference, FL suggests keeping this proposal as it is.
 Considering remaining time and situation at the 2nd online session (at least vivo has strong view to introduce more than one capability), this proposal will be discussed in future meeting. Now this section is closed.

4.1.8. [Closed/Low] Intra-slot FH vs inter-slot FH vs no FH
As raised at the last meeting, the current specification does not clear text to do ‘intra-slot’ FH, and hence anyhow spec change and an agreement for that seem to be necessary.
	[bookmark: _Toc29899565][bookmark: _Toc45699202][bookmark: _Toc36498176][bookmark: _Toc29894848][bookmark: _Toc29899147][bookmark: _Toc12021476][bookmark: _Toc26719413][bookmark: _Toc29917302][bookmark: _Toc20311588][bookmark: _Ref498101660][bookmark: _Toc106629444]9.2.1	PUCCH Resource Sets
…
The UE transmits a PUCCH using frequency hopping if not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon; otherwise, the UE transmits a PUCCH without frequency hopping. 
…


FL observed that companies’ views are not so different from those in previous meetings unfortunately. 5 companies [6/vivo] [15/Panasonic] [17/Intel] [21/LGE] [23/Apple] believe that inter-slot FH should be supported e.g., for better performance ([15/Panasonic] [17/Intel]), due to low workload by reusing R17 Msg3 repetition ([21/LGE]), etc. 5 companies [1/HW, HiSi] [5/Nokia, NSB] [8/xiaomi] [25/DCM] [27/Ericsson] are not convinced with inter-slot FH since gain is limited ([1/HW, HiSi]) and just max 8 repetitions or even 4 repetitions ([8/xiaomi]) without inter-slot FH can meet the requirement. Besides, another problem is pointed out ([25/DCM]) that user multiplexing capacity degrades when UEs performing intra-slot FH without repetition and UEs performing inter-slot FH with repetition are coexisting in an NTN cell. Besides, [9/Baicells] provided their simulation results, where no FH overcomes intra-slot FH due to better channel estimation. Meanwhile, majority prefer to keeping FH and some companies would not be attracted to such a small gain as commented for inter-slot FH.
Given this situation, FL suggests taking ‘intra-slot’ FH as in R17 spec (i.e., no repetition case).

4.1.8.1. 1st input
Proposal 1-8_v0
For PUCCH repetition for Msg4 HARQ-ACK, intra-slot frequency hopping is used.

Q: Do you agree/accept the above proposal? If NO, please solve the concern raised by companies not supporting inter-slot FH.
	Company
	YES/NO
	Comment

	MediaTek
	Clarification needed
	The proposal should mention intra-slot’ FH as in R17 spec (i.e., no repetition case)

	ZTE
	No need
	Intra-slot FH has already been supported in R17. If no new behavior is to be agreed, the agreement seems not needed.

	Ericsson
	YES
	

	Apple
	No
	Some performance gain is shown by inter-slot FH over intra-slot FH in certain scenarios. Hence, it is better to consider inter-slot FH.   

	Huawei, HiSilicon
	No
	We prefer to change “is use” to “can be used”. It is not mandatory in R17 spec.

	Xiaomi
	Yes, with comments
	We don’t support inter-slot FH, but proposal 1-8 need more clarification.
For proposal 1-8, not sure it is for no repetition case or repetition case. In our understanding, UE would perform intra-slot FH if not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon during the repetitions in repetition case.

	LG
	
	We are open to discuss to support inter-slot FH.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




4.1.8.2. 2nd input
Although it was pointed out that the current specification does not say ‘intra-slot FH’ or ‘inter-slot FH’, still some companies think that no agreement means intra-slot FH automatically. FL is not sure this is correct, so probably the following question should be made first.

Q: Do you think if any agreement is not made for frequency hopping, it means that intra-slot frequency hopping is applied? If YES, please share which spec text defines the UE behavior of performing intra-slot frequency hopping.
	Company
	YES/NO
	Comment

	OPPO
	NO
	In our understanding, the legacy Msg4 PUCCH is transmitted within a slot, so intra-slot hopping is applied by default. However, the case does not apply to Msg4 PUCCH repetition, so the agreement should be made for clarification and we are open to discuss intra-slot/inter-slot hopping.

	Xiaomi
	No
	We share similar view with OPPO, the existing spec. state the case without repetition. A conclusion needed for the repetition case.

	QC
	No
	Agreement is needed to specify if intra-slot is applied or not.

	LG
	YES
	We think if any agreement is not made for frequency hopping, intra-slot frequency hopping is applied for PUCCH repetition.
On the other hands, we are open to discuss to support inter-slot frequency hopping.  

	Lenovo
	No
	In our view, an agreement is necessary to clarify the application of intra-slot frequency hopping.

	Samsung
	YES
	We think that intra-frequency hopping is default if dedicated RRC configuration is not given in the current specification. 

If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of 𝑁BWPsize PRBs. For operation in FR2-2, nrofPRBs provided in PUCCH-ConfigCommon can also provide a number of 𝑁𝑅𝐵 RBs for the PUCCH resource set; otherwise 𝑁𝑅𝐵=1. 
The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset 𝑅𝐵BWPoffset, and a cyclic shift index set for a PUCCH transmission. 
The UE transmits a PUCCH using frequency hopping if not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon; otherwise, the UE transmits a PUCCH without frequency hopping.

In above specification, a PRB offset is only applicable to intra-slot FH. Thus, if PUCCH repetition is supported for Msg.4 HARQ-ACK, it is natural to consider intra-slot FH during PUCCH repetition since it happens before dedicate RRC signalling is given. 


	MediaTek
	
	The case with intra-slot FH with repetitions needs more discussion to aling understanding of the specifications in RAN1

	Samsung2
	
	After further checking, we tend to think that it needs clarification. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



[FL] Now it seems that more companies share view on the current specification, i.e., anyhow some clarification agreement is necessary. FL asks companies to encourage to share your view on frequency hopping in their contributions, especially checking why clarification is necessary and showing which type of frequency hopping should be adopted. With that, this section is closed.


4.1.9. [Closed/Low] PUCCH resource candidates / PUCCH resource set
FL observed that two companies [21/LGE] [25/DCM] raised an issue below:
---
[21/LGE] if the legacy behavior is reused without any changes, the PRB location based on PRB offset (Table 9.2.1-1 in TS38.213 [3]) must be applied equally regardless of the repetition factor. Thus, gNB is forced to allocate resources for PUCCH repetition using different time domain resources (because sequence domain resources are limited), resulting in an increase in the average time delay of UEs in the cell.
---
Meanwhile, it seems that this topic has not been referred in a lot of contributions and correspondingly in RAN1 meeting so far. FL would like to hear views on whether this topic should be discussed or not.

4.1.9.1. 1st input
Q: To support PUCCH repetition, do you think discussion on whether/how to enhance the number of available common PUCCH resources in an NTN-cell?
	Company
	YES/NO
	Comment

	MediaTek
	NO
	We think this issue is not high priority at this stage in WI

	OPPO
	NO
	For coverage enhancement scenario, PRACH repetition, Msg3 PUSCH repetition and Msg4 PUCCH repetition may be required simultaneously. In this case, only increasing common PUCCH resources may be of no avail, so we suggest to deprioritize this issue.

	ZTE
	No
	Not essential issue.

	Ericsson
	
	Fine to discuss. Might be out of scope and not really an NTN-specific issue.

	Apple
	No
	We do not see the need to enhance the number of available common PUCCH resources in NTN.  

	LG
	
	If the current specification is reused without any changes, the PRB location based on PRB offset (Table 9.2.1-1 in TS38.213) must be applied equally regardless of the repetition factor. Thus, gNB is forced to allocate resources for PUCCH repetition using different time domain resources (because sequence domain resources are limited), resulting in an increase in the average time delay of UEs in the cell.
Therefore, we think that if multiple repetition factors are simultaneously supported in a specific cell, additional PRB offsets can be considered for each PUCCH repetition factors.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



[FL] Based on inputs so far, it seems to be difficult to continue discussion on this topic at least in this meeting. If situation is changed in future meeting, e.g., there are quite lots of inputs related to this topic can be found in contributions, FL will reopen this discussion as the other topics included in section 4.1.10.

4.1.10. Others
· DMRS bundling
Although two companies [11/ZTE] [23/Apple] continues to propose DMRS bundling for this PUCCH repetition, still more companies [1/HW, HiSi] [5/Nokia, NSB] [6/vivo] [15/Panasonic] [17/Intel] do not prefer this feature. Unless this situation is not changed, no agreement for DMRS bundling is assumed and as a result, this PUCCH repetition is specified without DMRS bundling. The corresponding specification can work, so FL does not make any proposal for DMRS bundling to save the limited time.

· Terminology
Although it seems that four companies [17/Intel] [21/LGE] [22/Samsung] [24/QC] are discussing terminology-related aspect, FL’s understanding based on companies’ inputs in previous meetings is that the issue is RAN plenary matter since the issue is WID-related one. Therefore, FL suggests discussing it in the next RAN plenary meeting and this kind of discussion will not be treated in RAN1 anymore unless the situation is changed.

· Common PUCCH resource set table
Two companies [21/LGE] [23/Apple] proposed to update the common PUCCH resource set table, but most companies were OK with the existing table at the last meeting. Unless this situation is changed in companies’ contributions, there would be no need to have discussion on this topic, that is, no specification update is applied.



4.2. DMRS bundling for PUSCH taking into account NTN-specifics
For discussion of DMRS bundling, the following RAN4 requirements are considered, as stated/used in contributions.
· Timing error limit (Table 7.1C.2-1 in 38.133)
Table 7.1C.2-1: Te_NTN Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N/A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N/A

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



· Phase difference limit (Table 6.4.2.5-1 in 38.101-1)
Table 6.4.2.5-1: Maximum allowable phase difference for DMRS bundling
	UL channel
	Modulation order
	Phase difference between any slot p-1 and slot p 
(NOTE 2)
	Phase difference between slot 0 and any slot p
(NOTE 3)

	PUSCH
	Pi/2 BPSK, QPSK
	[25] degrees
	[30] degrees

	PUCCH
	Pi/2 BPSK, BPSK, QPSK
	
	

	NOTE 1: 	The UE capability of the length of maximum duration refers to the maximum time duration during which UE is able to meet the phase continuity requirements, assuming no phase consistency violating events defined in TS 38.214 in between.
NOTE 2: 	This requirement applies for FDD and TDD bands, for supported DMRS bundling configurations ≤ 8 slots.
NOTE 3: 	This requirement applies only for FDD bands, for supported DMRS bundling configurations of 16 slots.



· Frequency error limit (Section 6.4.1 in 38.101-5)
	The NTN satellite UE basic measurement interval of modulated carrier frequency is 1 UL slot. The NTN satellite UE pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift according to 3GPP TS 38.300 [9] clause 16.14.2. The mean value of basic measurements of NTN UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to ideally pre-compensated reference uplink carrier frequency. 
[NOTE:	The ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency signalled to the UE by SAN and UL pre-compensated Doppler frequency shift. For the test case, the location of the UE is explicitly provided to the UE from the test equipment.]
Requirement will be verified for at least two cases of which one has zero Doppler conditions.




4.2.1. [Closed/High] Expected UE behavior within each actual TDW
Firstly, FL suggests clarifying what is the expected UE behavior within each actual TDW. From companies’ contributions, FL observed that most companies believe that UE pre-compensation update within each actual TDW is prohibited if the update may violate RAN4 requirement. Agreeing this should be OK.

4.2.1.1. 1st input
Proposal 2-1_v0
For NTN-specific PUSCH DMRS bundling, within an actual TDW,
· UE shall not perform TA pre-compensation update if it causes phase discontinuity that may violate phase difference limit (Table 6.4.2.5-1 in 38.101-1).

Q: Please share comment ONLY if you have concern.
	Company
	Comment

	OPPO
	We basically support the proposal, and the UL pre-compensation update should be defined as a new event for DMRS bundling.

	Xiaomi
	We support this proposal, but proposal 2-1 need more clarification. 
In our understanding, TA pre-compensation will cause phase discontinuity. For the if… part, will we send LS to RAN4 for confirmation?

	
	

	
	




4.2.1.2. 1st offline
Proposal 2-1_v0 (No change)
For NTN-specific PUSCH DMRS bundling, within an actual TDW,
· UE shall not perform TA pre-compensation update if it causes phase discontinuity that may violate phase difference limit (Table 6.4.2.5-1 in 38.101-1).

4.2.1.3. 1st online
Proposal 2-1_v1
For NTN-specific PUSCH DMRS bundling, within an actual TDW,
· UE shall not perform TA pre-compensation update if it causes phase discontinuity that may violate phase difference limit (Table 6.4.2.5-1 in 38.101-1).
· FFS: how to determine actual TDW, e.g., whether TA pre-compensation update is defined as a new event or not.
· FFS: whether to consider UE being capable of TA pre-compensation update not causing phase discontinuity that may violate phase difference limit.

[FL] Based on some companies’ comments, agreeing this proposal seems to be difficult. Other proposals can be discussed separately, so this section is now closed.


4.2.2. [Closed/High] Applicable DMRS bundling in NTN considering RAN4 requirement
Then, FL suggests discussion on detailed part related to RAN4 requirement. From discussion in the last two meetings, FL observed that at first we need to have common understanding on RAN4 requirement perspectives for DMRS bundling in NTN scenario. In RAN4, the above three requirements that is relevant to DMRS bundling in NTN are defined, as companies mentioned in their contributions.

· For timing error limit (Table 7.1C.2-1 in 38.133), the following inputs can be found:
---
[5/Nokia, NSB] Observation 1: Taking the maximum round trip time drift into account, DMRS bundling sizes of 11 slots and 12 slots can be supported for minimum elevations angles of 10 and 30 degrees, respectively.
[6/vivo]: Observation 3: For LEO-600 and LEO-1200, the maximum duration of DMRS bundling due to delay drift or timing error requirement is limited by 16ms for SCS of 15kHz. 
[7/NTPU, NYCU]: Observation 2: To ensure that the timing error remains within the specified timing error limit, the maximum TDW size is as follows: 
13.4 and 11.78 ms slots for LEO-1200 at elevation angle 30 and 10 degrees
11.84 and 10.41 ms slots for LEO-600 at elevation angle 30 and 10 degrees
[9/Baicells] Proposal 5: To comply with the 29Ts timing error requirement, the actual TDW for DMRS bundling shall be within 11.8ms for LEO-600 at elevation angle of 30deg.
[11/ZTE] Observation 3: The maximum DMRS TDW without timing and frequency adjustment should be within 13 slots for LEO-1200 satellite at 30 degree elevation angle to meet timing error requirement as 29Ts.
[19/ETRI] Observation 6: The value of the TDW length might be configured
LEO-600, elevation= 10°: max TDW length ≤⌊min(10.15ms,(9.96 ms)/N_RB )⌋= (9 ms @ 1 RB)
LEO-600, elevation=30°: max TDW length ≤⌊min(11.55ms,(11.33 ms)/N_RB )⌋= (11 ms @ 1 RB)
LEO-1200, elevation=30°: max TDW length ≤⌊min(13.03ms,(12.79 ms)/N_RB )⌋=(12 ms @ 1 RB)
[27/Ericsson] RAN1 to discuss how to model the timing drift during DMRS bundling in terms of initial timing error at the start of the TDW and maximum timing drift within the TDW.
[27/Ericsson] With a timing drift of 71 ppm and an optimistic assumption on the efficiency of closed-loop TA control, the UE has to update its autonomous TA pre-compensation every 9 slots to avoid excessive timing offset. With a less optimistic assumption on the initial timing error, shorter TDW lengths may be needed.
---
From the above, FL observed that most companies have the same thinking on the max TDW length to meet the timing error limit. FL found that one company [27/Ericsson] has a doubt that the initial timing error at the start of each TDW is not equivalent to zero. FL would like to hear other companies’ views on this point.


· For frequency error limit (Section 6.4.1 in 38.101-5), the following inputs can be found:
---
[6/vivo]: Observation 4: For DMRS bundling with 32ms duration, the maximum doppler shift variation is much smaller than ±0.1ppm the frequency error requirement.
---
It seems that it is common understanding that the requirement of doppler shift itself can be satisfied over 32 ms. FL suggests agreeing this observation quickly.


· For phase difference limit (Table 6.4.2.5-1 in 38.101-1), the following inputs can be found:
---
[5/Nokia, NSB] Observation 3: For elevation angles of 10 and 30 degrees, the phase shift, due to round trip time drift, across DMRS symbols evolves as n×16.469 degrees and n×14.48 degrees, respectively.
[6/vivo]: Observation 5: For DMRS bundling, the maximum duration due to phase difference is limited by 8ms for LEO-600 scenarios and 16ms for LEO-1200 scenarios. 
[7/NTPU, NYCU]: Observation 1: Based on the maximum round-trip delay variation and maximum allowable phase difference, the maximum TDW size is 13 ms (slots) for LEO-1200 at elevation angle 30 degrees.
[15/Panasonic] According to the conclusion in RAN1#111, phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement. Therefore, the Doppler frequency fluctuation due to satellite movement (i.e. up to 0.57 ppm/s) only is taken into account below.
[15/Panasonic] In total, phase rotation of 5.8 degree per slot is observed as NTN specific factor. The dominant factor is the phase rotation due to timing drift. During 10 slots TDW of DMRS bundling, roughly 60 degrees phase rotation is observed in addition to the phase rotation due to the UE transmitter impairment as in TN (terrestrial network).
	Phase rotation due to timing drift (2RB case): 2π×(1 ms×42μs/s)×360kHz=0.095 rad=5.4 degree
[20/MTK] Observation 2: The phase discontinuity within a TWD is predictable at the UE. 
[24/QC] Observation 2: For LEO, to meet the existing phase continuity requirement for DMRS bundling, the bundling window is less than 1 ms for 10 MHz carrier bandwidth at low elevation angles if time and frequency remains unchanged during the window.
[24/QC] Observation 3: With segmented pre-compensation at UE and post compensation of the timing error of the beam center at gNB in LEO, DMRS bundling with a large bundling size, e.g., 16, is feasible.
[27/Ericsson] The TDW length cannot be increased by post-compensation of the RX timing in gNB.
It should be noted that in the gNB receiver, the FFT is applied to the whole UL signal with an RX window that cannot be adjusted individually per UE. The UEs in a spotbeam will not necessarily have aligned TDWs and will therefore autonomously update their TAs at different times.
---
It seems that these inputs are divergent. FL observed that companies are using different parameters to show their observations/proposals. For example, [5/Nokia, NSB] assumes 6 PRBs for PUSCH transmission, [15/Panasonic] [24/QC] evaluate LEO 600, etc. In FL’s understanding, this is why inputs are not aligned among companies.
Based on e.g., [5/Nokia, NSB] [7/NTPU, NYCU] [15/Panasonic], phase rotation per 1ms due to timing drift Δφ is:
Δφ = 2π (rad) × timing drift (us/s) × 1 (ms) × channel bandwidth (Hz) /2
When LEO 1200 with elevation angle 30 deg. is assumed as previous meetings, [5/Nokia, NSB] and [7/NTPU, NYCU] show that 74.5 (us/s) and 70.5 (us/s) are observed, respectively. Then if SCS = 15 kHz is applied, for N PRBs transmission,
Δφ = 2π (rad) × 74.5 (us/s) × 1 (ms) × 180N (kHz) /2 = 0.0421 (rad) × N = 2.41 (deg) × N
Δφ = 2π (rad) × 70.5 (us/s) × 1 (ms) × 180N (kHz) /2 = 0.0399 (rad) × N = 2.29 (deg) × N
Then, the max duration to satisfy the phase difference requirement can be the following:
N = 1 PRB	 12 slots
N = 2 PRBs	 6 slots
N = 6 PRBs	 2 slots
FL suggests agreeing these observations for the next step of this topic.
Besides, [20/MTK] [24/QC] [27/Ericsson] referred to phase compensation for longer TDW. [20/MTK] [24/QC] think that some UEs can pre-compensate phase continuity. In addition, [24/QC] thinks that post-compensation of timing error for phase compensation at gNB is possible, but [27/Ericsson] has the opposite thinking. FL feels that this point should be added as FFS since it would have impacts on subsequent discussion.


4.2.2.1. 1st input
Proposal 2-2_v0 (for conclusion)
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 12 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) can be satisfied within at most 12, 6, 2 slots for 1, 2, 6 PRB allocations, respectively, if TA pre-compensation update, phase pre-compensation, and RX timing post-compensation are not assumed.
· FFS: whether to assume phase pre-compensation at UE and/or RX timing post-compensation at gNB

Q: Do you agree the above proposal? If NO, please share the reason and how the proposal should be updated. In addition, please share your view on the FFS part.
	Company
	YES/NO
	Comment

	MediaTek
	YES
	

	OPPO
	YES
	

	ZTE
	Yes
	

	Panasonic
	YES
	

	Ericsson
	Partly
	Timing error limit: Depends on assumed timing drift, for which companies have different assumptions. This should be sorted out first. Our results for LEO 1200 with 30° elevation angle align with NTPU, NYCU, i.e., 70.5 ppm. Then 13 slots window is possible assuming no error at the beginning of the TDW. But assuming no error at the beginning of the window is not realistic. 
Frequency error limit: yes.
Phase difference limit: Depends on timing drift. Assuming 70.5 ppm, max window is 13, 6, 2 slots for 1, 2, 6 PRBs, respectively.

	Apple
	
	Some clarifications: The phase difference limit calculation depends on the used timing drift rate. Here, getting 12, 6, 2 slots for 1, 2, 6 PRB allocations, the timing drift rate is assumed to be more than 70 us/s.  However, this timing drift rate assumption needs to be further checked. 
Also, the reason to focus on LEO-1200, rather than LEO-600, in the observation is unclear. The timing drift rate could be higher in LEO-600. 

	Huawei, HiSilicon
	
	For the third bullet, no need to discuss phase different limit without post-compensation, the current RAN4 requirement doesn’t exclude post-compensation.

	Xiaomi
	Yes
	

	LG
	Yes
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	





4.2.2.2. 1st offline
Proposal 2-2_v1 (for conclusion)
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed and if the initial timing error at the beginning is not considered.
· FFS: whether/how to consider the initial timing error at the beginning
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) can be satisfied within at most 13, 6, 2 slots for 1, 2, 6 PRB allocations, respectively, if TA pre-compensation update, phase pre-compensation, and RX timing post-compensation are not assumed, and if 70.5 (us/s) timing drift rate is assumed.
· FFS: whether to assume phase pre-compensation at UE and/or RX timing post-compensation at gNB

4.2.2.3. 1st online
Observation
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation update is assumed
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· FFS: impact of phase difference limit

4.2.2.4. 2nd input
At the last online session, we had the above observation. Regarding phase different limit, whether the perspective is related to each UE’s allocated bandwidth or not needs to be clarified. In FL understanding, now another alternative suggested by QC is that carrier bandwidth (e.g., 5 MHz) from gNB perspective should be used instead of each UE’s allocated bandwidth. FL would like to ask what should be taken.
 After discussion with QC/Nokia, now it seems that carrier bandwidth would be valid. Then when 5 MHz carrier bandwidth is selected as an example, the following phase difference can be observed at the edge of the carrier bandwidth if 70.5 (us/s) timing drift rate is assumed. 
Δφ = 2π (rad) × 70.5 (us/s) × 1 (ms) × 25 (PRB) × 12 (subcarrier) × 15 (kHz) [/2] = 1.99 (rad) = 114 (deg)

Proposal 2-2_v2
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots for carrier bandwidth 5 MHz, if TA pre-compensation update, phase pre-compensation, and RX timing post-compensation are not assumed, and if 70.5 (us/s) timing drift rate is assumed.
· FFS: whether to assume phase pre-compensation at UE and/or RX timing post-compensation at gNB

Q: Please share comment on the texts with red color above, i.e., whether carrier bandwidth should be used instead of each UE’s allocated bandwidth, and which value is feasible for X.
	Company
	Comment

	QC
	OK

	LG
	It is not clear to us what the intention of the proposal is. The proposal means the DMRS bundling is hard to be supported in some circumstance. Then, Does it mean it is necessary to make DMRS bundling configurable? Or define minimum bundling window size for RRC configuration or UE capability as 1?

What we would do with the proposal for the progress?

	Panasonic
	Phase rotation is related to the RB location relative to the center carrier rather than the carrier bandwidth in our understanding. The following would be more precise.
Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots if the PRB position is not within 13PRBs from the center carrier, if TA pre-compensation update, phase pre-compensation, and RX timing post-compensation are not assumed, and if 70.5 (us/s) timing drift rate is assumed.
“RX timing post-compensation at gNB” should be replaced with “phase post-compensation at gNB”

	Lenovo
	Fine

	Samsung
	It is not clear to us the scope of this agreement. Whether there is a need to have new requirements for phase continuity for NTN (respect to the existing requirements for phase continuity for DMRS bundling for TN), it is up to RAN4. For RAN1 perspective, in a DMRS window the UE has to maintain phase continuity (the requirement for the phase continuity is in RAN4 specs).

	MediaTek
	As mentioned in GTW, we think more discussions / analysis is needed for the phase difference limit. 




4.2.2.5. 2nd offline

Proposal 2-2_v3
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots for carrier bandwidth 5 MHz at the edge of the carrier bandwidth, if TA pre-compensation update, phase pre-compensation, and RX timing post-compensation are not assumed, and if 70.5 (us/s) timing drift rate is assumed.
· FFS: whether to assume phase pre-compensation at UE and/or RX timing post-compensation at gNB

Proposal 2-2_v5 (for observation)
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots for carrier bandwidth 5 MHz at the edge of the carrier bandwidth, if TA pre-compensation update, phase pre-compensation, and RX phase post-compensation are not assumed, and if 70.5 (us/s) timing drift rate is assumed.
· FFS: whether to assume phase pre-compensation at UE and/or RX phase post-compensation at gNB

4.2.2.6. Outcome
[FL] Although we had discussion in the last online session, several companies raised concerns on this observation since corresponding RAN1 decision is unclear; e.g., conclusion of DMRS bundling is not applicable in NTN, NW scheduler should allocate PRBs closed to DC subcarrier, UE can perform phase pre-compensation, NW can perform post-compensation, LS to RAN4 to ask whether RAN4 enhance phase difference requirement, etc.
Companies are encouraged to consider phase difference limit and correspondingly what we should assume/specify/etc., for the next meeting.


4.2.3. [Closed/High] High-level procedure
With the above clarification discussion, we can discuss detailed UE behavior further. In FL’s understanding of the existing DRMS bundling specification is as follows. This would be a kind of ‘segmentation’ already.
· Step 1: UE reports DMRS capability (e.g., maxDurationDMRS-Bundling-r17)
· Step 2: gNB configures nominal TDW size (pusch-TimeDomainWindowLength-r17 = INTEGER (2..32))
· Step 3: Scheduled PUSCH repetition is segmented based on the configuration into nominal TDWs
· Step 4: Actual TDWs are determined based on ‘event’ defined in spec.
For NTN, FL observed that companies’ thinking for DMRS bundling can be categorized into two options. The second option has two sub-options.

Option 1: Nominal TDW is determined based on NW configuration and actual TDW is determined based on UE information report regarding timing of TA pre-compensation update [3/Spreadtrum] [4/OPPO] [5/Nokia, NSB] [6/vivo] [8/xiaomi] [16/Lenovo (?)] [19/ETRI (?)] [26/Sharp] (8)
In this option, UE can decide timing of TA pre-compensation update as in R17 spec, and the information is reported to gNB. Based on the information, gNB and UE have the same understanding on actual TDW determination.

Option 2: Nominal/actual TDW are determined based on NW configuration/indication
Option 2-1: use the same mechanism in the existing specification (no spec impact on TDW determination) [22/Samsung] [24/QC] [25/DCM] [27/Ericsson] (4)
Option 2-2: define NTN-specific configuration/indication [5/Nokia, NSB] [10/CATT(?)] [11/ZTE] [16/Lenovo (?)] (4)
In this option, UL pre-compensation timing is decided by gNB, which is different from R17 spec. Option 2-1 reuses the existing mechanism and Option 2 enhances the determination mechanism for more efficient TDW determination.

FL suggests having the same understanding for each option and discussing them further for down-selection in future meeting. Besides, there are a lot of proposals on UE information report including capability. Which reporting is introduced would be dependent on which option from the above is agreed, so just adding an FFS will be what we can do now. In addition, there are a few proposals for another new event like antenna switching. Only small number of companies share their views on it; thus FL recommends adding an FFS for another new event.

4.2.3.1. 1st input
Proposal 2-3_v0
For NTN-specific PUSCH DMRS bundling, further discuss the following options for TDW determination.
· Option 1: Actual TDW determination based on timing of TA pre-compensation update causing phase discontinuity and power inconsistency
· Nominal TDW is configured by gNB as in the existing spec.
· UE reports information on the timing. FFS details
· Actual TDW is determined by the reported information and events defined in R17.
· Option 2: Actual TDW determination based on gNB configuration and/or indication
· Option 2-1: Determined as in the existing spec. No spec change is assumed.
· Nominal TDW is configured by gNB as in the existing spec.
· Actual TDW is determined by events defined in R17.
· Option 2-2: Determined by new gNB configuration/indication.
· FFS details
· e.g., TA pre-compensation timing is indicated by gNB
· e.g., further segmented configuration is provided by gNB
· FFS: whether/how UE reports information on DMRS bundling, including UE capability
· FFS: whether to define another new event to decide actual TDW


Q: Do you agree the above proposal? If NO, please share the reason and how the proposal should be updated. Note that down-selection is planned AFTER agreeing this proposal.
	Company
	YES/NO
	Comment

	MediaTek
	NO
	It is too early to consider Option 2 as it implies actual TDW based on UE capability in Rel-17 will not be assumption. RAN1 should first discuss why UE capability will not be used for actual TDW based on event, and how this can be done practically if UE cannot support actual TDW if not based on UE capability.
If nothing agreed, the default is Option 1 (i.e. re-use R17 framework for DM RS bundling)

	OPPO
	Yes with comment
	In our understanding, the UL pre-compensation update in NTN will cause phase discontinuity for DMRS bundling and should be defined as a new event firstly to help the discussion move forward. Then, we support Option 2 since the gNB can provide an appropriate time window during which the UL pre-compensation update is not performed. Also, even for segment transmission in R17 IoT NTN, UE reporting information is not needed.

	ZTE
	Yes
	We support option 2. In R17 IoT-NTN, segment compensation has already been supported, where segment length is determined by eNB. We think the same mechanism should be reused here. If option 1 is applied, UE need to frequently report the information of timing per actual TDW. Moreover, since gNB cannot know when UE will adjust timing before report, the DMRS bundling can be performed only after gNB receiving the report, which leads to larger delay. While with option 2, gNB may configure a segment length which can be used for a relatively long time, which saves the signaling overhead. And gNB can be predict when to perform TA adjustment and perform DMRS bundling in time.

	Panasonic
	NO
	Rel.17 DMRS bundling behavior should be listed as default option. We suggest to modify Option 1 as follows. 
· Option 1: Actual TDW determination based on timing of TA pre-compensation update causing phase discontinuity and power inconsistency
· Nominal TDW is configured by gNB as in the existing spec.
· UE reports information on the timing. FFS details
· Actual TDW is determined by the reported information and events defined in R17.
· FFS: UE report of information on the actual TDW, e.g. timing of time/frequency pre-compensation update. 
Besides, the assumption on the UE capability report of TDW needs to be clarified. Phase continuity and power consistency capability considering the device impairment only or considering device impairment and necessary time/frequency pre-compensation update due to timing drift in NTN, etc. 

	Ericsson
	YES
	Our preference is Option 2-1, which is equivalent to the segmented UL transmission solution for Rel-17 IoT NTN. It should be a feasible solution also for NR NTN. The gNB will configure the nominal TDW so that UE is able to update its pre-compensation sufficiently often (in between TDWs).
With Option 1, the UE needs to report its timing (pre-compensation update interval) initially and during the connection when the drift rate changes. This will cause a lot of unnecessary signaling.
Option 2-2 seems to have no advantage over 2-1.

	Apple
	
	Just to clarify if the nominal TDW configured/updated by gNB based on UE’s reported information (e.g., timing drift rate) can be considered in Option 2-2. 

	Huawei, HiSilicon
	No
	We prefer to firstly discuss which set of events should be considered for NTN TDW size determination, including TA pre-compensation, antenna switching, and update of epoch time etc.
it should use similar mechanism awhen considering these new events. So, it is not good to make a decision based on only one potential new event.

	CMCC
	
	We are fine to further discuss the above options for TDW determination and we prefer Option 1 to decide the actual TDW based on the timing of TA pre-compensation reported by UE.

	Xiaomi
	Yes
	

	LG
	
	We slightly preper Option 2. It is clearly important to have same understanding on TDW determination. Option 2 guarantee no mis-alignment between UE and gNB, while Option 1 depends on UE’s reporting.
We think it is possible to consider UE pre-compensation without UE signaling. For example, unlike Option 1, UE and/or gNB can predict UE pre-compensation timing based on RRC configuration. Alternatively, gNB can configure timings for UE pre-compensation.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




4.2.3.2. 1st offline
Proposal 2-3_v1
For NTN-specific PUSCH DMRS bundling, further discuss the following options for TDW determination.
· Option 1: Actual TDW determination based on timing of TA pre-compensation update causing phase discontinuity and power inconsistency. The timing is determined by UE.
· Nominal TDW is configured by gNB as in the existing spec.
· UE reports information on the timing. FFS details
· Actual TDW is determined by the reported information and events defined in R17.
· Option 2: Actual TDW determination based on gNB configuration and/or indication
· Option 2-1: Determined as in the existing spec. No spec change is assumed.
· Nominal TDW is configured by gNB as in the existing spec.
· Actual TDW is determined by events defined in R17.
· Option 2-2: Determined by new gNB configuration/indication.
· FFS details
· e.g., TA pre-compensation timing is indicated by gNB (e.g., based on information reported by UE)
· e.g., further segmented configuration is provided by gNB (e.g., based on information reported by UE)
· FFS: whether/how UE reports information on DMRS bundling, including UE capability
· FFS: whether to define another new event to decide actual TDW


4.2.3.3. 2nd input
To MTK/Panasonic, Option 2-1 rather than Option 1 is to reuse R17 mechanism for DMRS bundling. Option 1 is new mechanism that UE decides timing of TA pre-compensation update and actual TDW is determined based on the timing. FL added a text for the clarification. In addition, FL added proposal for capability perspective separately.
To Apple, Yes. One text was added for the clarification.
To HW, the last bullet should cover your preference. FL modified it for further clarification.


Proposal 2-3a_v0
For NTN-specific PUSCH DMRS bundling, discuss which type of UE capability is considered, e.g., phase pre-compensation capability, etc.

Proposal 2-3_v2
For NTN-specific PUSCH DMRS bundling, further discuss the following options for TDW determination.
· Option 1: Actual TDW determination based on timing of TA pre-compensation update causing phase discontinuity and power inconsistency. UE determines the timing.
· Nominal TDW is configured by gNB as in the existing spec.
· UE reports information on the timing. FFS details
· Actual TDW is determined by the reported information and events defined in R17.
· New event is defined based on the reported information. FFS details
· Option 2: Actual TDW determination based on gNB configuration and/or indication
· Option 2-1: Determined as in the existing spec. No spec change is assumed.
· Nominal TDW is configured by gNB as in the existing spec.
· Actual TDW is determined by events defined in R17.
· Note: no new event is defined for the TA pre-compensation update.
· Option 2-2: Determined by new gNB configuration/indication.
· FFS details
· e.g., TA pre-compensation timing is indicated by gNB (e.g., based on information reported by UE)
· e.g., further segmented configuration is provided by gNB (e.g., based on information reported by UE)
· New event is defined based on new gNB configuration/indication. FFS details
· FFS: whether/how UE reports information on DMRS bundling, including UE capability
· FFS: whether to define another new event to decide actual TDW (e.g., antenna switching, update of epoch time, etc.)

Q: Do you agree the above two proposals? If NO, please share the reason and how the proposal should be updated. Note that down-selection is planned AFTER agreeing this proposal.
	Company
	YES/NO
	Comment

	OPPO
	NO
	Regardless of Option 1 or Option 2, the new event should be defined based on UL pre-compensation update, so we suggest to modify the new event to “New event is defined based on UL pre-compensation update. FFS details”. 
In addition, for Option 2-2, as we commented in the 1st round input, UE reporting information is not needed since the gNB can provide an appropriate time window as in R17 IoT NTN segment transmission. Thus, the example “(e.g., based on information reported by UE)” can be removed.

	Xiaomi
	Yes
	

	LG
	Yes
	Fine with the proposal. 

Regarding OPPO’s comment, it would be Option 1 if gNB provide appropriate time window as in R17 IoT NTN. 

	Panasonic
	
	We generally agree with the proposal. 
For Option 1, we agree with OPPO’s suggestion “New event is defined based on TA pre-compensation update.” rather than “New event is defined based on the reported information.”. 

	Lenovo 
	Yes
	support

	Samsung
	[NO]
	We would like to clarify first on whether the definition of Nominal TDW and Actual TDW are the same as defined in Rel-17 Coverage enhancement, or not. If same, we don’t know how option 2-2 works on top of option 2-1 since how UE determines actual TDW is specified. Otherwise, we need to discuss first the definition for NTN specific in order to align common understanding. 
Before considering UE capability, we think that it needs to send LS to RAN4 for asking whether it is feasible for UE to change frequency/time offset during actual TDW in order to relax phase difference limit requirement. This is because, current phase difference limit requirement is for TN (Note that it was captured in 38.101-1, not 38.101-5). 

	Ericsson
	Yes
	Our preference is Option 2-1. This is the default solution since it follows Rel-17 specification for DMRS bundling. The solution is also equivalent to segmented uplink transmission for Rel-17 IoT NTN since gNB can configure the nominal TDW to allow the UE to update pre-compensation between the TDWs, similar to the configuration of uplink segment length in IoT NTN.

	MediaTek
	Yes
	We have preference for Option 2-1. This way allows to re-use Rel-17 NR Coverage framework for actual TWD and UE capability. We are open to an LS to RAN4 as proposed by Samsung. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



4.2.3.4. 2nd offline
Proposal 2-3a_v1
For NTN-specific PUSCH DMRS bundling, discuss which type of UE capability is considered, e.g., phase pre-compensation capability, etc.
· Send an LS to RAN4 to ask whether it is feasible for UE to change frequency/time offset during actual TDW in order to relax phase difference limit requirement defined in 38.101-1.

Proposal 2-3_v3
For NTN-specific PUSCH DMRS bundling, further discuss whether nominal/actual TDW determination defined in R17 can be reused for NTN or not, e.g., the following options for TDW determination.
· Option 1: Actual TDW determination based on timing of TA pre-compensation update causing phase discontinuity and power inconsistency. UE determines the timing.
· Nominal TDW is configured by gNB as in the existing spec.
· UE reports information on the timing. FFS details
· Actual TDW is determined by the reported information and events defined in R17.
· New event is defined based on TA pre-compensation update. FFS details
· Option 2: Actual TDW determination based on gNB configuration and/or indication
· Option 2-1: Determined as in the existing spec. No spec change is assumed.
· Nominal TDW is configured by gNB as in the existing spec.
· Actual TDW is determined by events defined in R17.
· Note: no new event is defined for the TA pre-compensation update.
· Option 2-2: Determined by new gNB configuration/indication.
· FFS details
· e.g., TA pre-compensation timing is indicated by gNB (e.g., based on information reported by UE)
· e.g., further segmented configuration is provided by gNB (e.g., based on information reported by UE)
· New event is defined based on new gNB configuration/indication. FFS details
· FFS: whether/how UE reports information on DMRS bundling, including UE capability
· FFS: whether to define another new event to decide actual TDW (e.g., antenna switching, update of epoch time, etc.)

4.2.3.5. 3rd input

Q: Please share comment ONLY if you have concern on Proposal 2-3a_v1 and/or Proposal 2-3_v3.
	Company
	Comment

	Ericsson
	Proposal 2-3a_v1
Fine with the main paragraph.
Regarding the sub-bullet: Getting feedback from RAN4 though LS interchange is a slow process. This is a UE implementation issue and different UE vendors may have different views, so we may not get a clear answer from RAN4 whether it is feasible or not. Could we instead encourage UE vendors to state in RAN1 whether such implementation can be feasible?

Proposal 2-3_v3
For option 2-1, clarify in the first sub-bullet that it will be gNB responsibility to give the UE opportunity to update its time/frequency pre-compensation:
· Nominal TDW is configured by gNB as in the existing spec.
· Note: Based on gNB implementation, nominal TDW length can be adjusted to current timing drift, derived from satellite ephemeris, to allow UE to update time/frequency pre-compensation sufficiently often.
Regarding the last FFS (on antenna switching and epoch time update), we see no need for an event for update of epoch time. It may trigger pre-compensation update, but defining an event for that is already mentioned in several notes.

	Samsung
	For Proposal 2-3a_v1, we would like to suggest following LS sentence because asking relaxation on the limitation doesn’t help to RAN1 progress.  

· Send an LS to RAN4 to ask whether it is feasible for UE to do pre-compensation for frequency/time offset during actual TDW in order to maintain power consistency and phase continuity within an actual TDW


	Baicells
	For Proposal 2-3a_v1, we prefer to change the wording “relax” to “meet”.
For NTN-specific PUSCH DMRS bundling, discuss which type of UE capability is considered, e.g., phase pre-compensation capability, etc.
· Send an LS to RAN4 to ask whether it is feasible for UE to change frequency/time offset during actual TDW in order to relax meet phase difference limit requirement defined in 38.101-1.


	
	

	
	

	
	

	
	

	
	

	
	

	
	



Proposal 2-3_v5
For NTN-specific PUSCH DMRS bundling, further discuss whether nominal/actual TDW determination defined in R17 can be reused for NTN or not, e.g., the following options.
· Option 1: Actual TDW determination based on timing of TA pre-compensation update causing phase discontinuity and power inconsistency. UE determines the timing.
· Nominal TDW is configured by gNB as in the existing spec.
· UE reports information on the timing. FFS details
· Actual TDW is determined by the reported information and events defined in R17.
· New event is defined based on TA pre-compensation update. FFS details
· Option 2: Nominal/actual TDW determination based on gNB configuration and/or indication
· Option 2-1: Determined as in the existing spec. No spec change is assumed.
· Nominal TDW is configured by gNB as in the existing spec.
· Note: Based on gNB implementation, nominal TDW length can be configured to current timing drift, derived from satellite ephemeris, to allow UE to update time/frequency pre-compensation sufficiently often.
· Actual TDW is determined by events defined in R17.
· Note: no new event is defined for the TA pre-compensation update.
· Option 2-2: Determined by new gNB configuration/indication.
· FFS details
· e.g., TA pre-compensation timing is indicated by gNB
· e.g., further segmented configuration is provided by gNB
· FFS: Whether new event is defined based on new gNB configuration/indication.
· FFS: whether to define another new event to decide actual TDW (e.g., antenna switching, update of epoch time, etc.)

4.2.3.6. Outcome
[FL] Although we had discussion in the last online session, still some companies do not believe that this proposal is necessary at least before clarifying what is the exact situation in NTN considering RAN4 requirements as discussed in the last section (4.2.2).
Companies are encouraged to study section 4.2.2 first, then it would become possible to have progress on section 4.2.3 as well. Besides, it would be true that why the current specification for nominal/actual TDW, as Note in Option 2-1 above, does not work should be explained well.


4.3. Others
4.3.1. [Closed/Low] RAN2-related
FL found that one company [27/Ericsson] is raising a topic discussed in RAN2. In RAN2, the following agreement was made, and [27/Ericsson] suggests discussing whether no repetition for Msg for CFRA is fine or not.
	From RAN2 perspective we don’t consider msg3 repetition enhancements in R18 NR NTN (apart from msg3 for CFRA, if decided by RAN1)


In FL’s understanding, RAN1 just evaluated decoding performance of Msg3 PUSCH with/without repetition and concluded that the existing specification (with assumption of repetition) can meet the required performance level. [27/Ericsson] assumes that R17 spec does not support Msg3 repetition for CFRA case. 
Although this topic is not relevant to PUSCH DMRS bundling, FL would like to ask to companies whether some RAN1 discussion to e.g., send an LS to RAN2 is necessary or not.

4.3.1.1. 1st input (open)
Q: Do you think RAN1 should have discussion on Msg3 repetition for CFRA, e.g., sending an LS to RAN2? Please share the reason.
	Company
	YES/NO
	Comment

	MediaTek
	NO
	This issue should dfirst be discussed in Rel-18 NR Coverage Enhancement. It is not specific to NTN to our understanding.

	Ericsson
	YES
	Since RAN2 explicitly mentions potential decision by RAN1 regarding Msg3 repetition for CFRA, we should discuss it. And the coverage target for NTN is not met for Msg3 in case of CFRA, since repetition is not supported in this case.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




[FL] There is few inputs so far; further consideration in future meeting is recommended.


5. Contribution summary
5.1. PUCCH enhancements for Msg4 HARQ-ACK
· [bookmark: _Hlk127813886]Confirm the WA
· Yes: [1/HW, HiSi] [3/Spreadtrum] [4/OPPO] [8/xiaomi] [15/Panasonic]
· No: [10/CATT]
· [10/CATT] Dynamic indication
· Other: [2/Lockheed] [16/Lenovo]
· [2/Lockheed] [16/Lenovo]: Support UE specific repetition number configuration for PUCCH for Msg4 HARQ-ACK.

· Repetition request vs capability report
· Repetition request: [1/HW, HiSi] [3/Spreadtrum] [4/OPPO] [6/vivo (for multiple factors)] [7/NTPU, NYCU (for multiple factors)] [9/Baicells (for multiple factors)] [10/CATT] [11/ZTE (for multiple factors)] [15/Panasonic] [17/Intel] [18/CMCC (for multiple factors)] [19/ETRI (for multiple factors)] [20/MTK] [23/Apple] [25/DCM] [26/Sharp]
· [5/Nokia, NSB] One way for a UE to be able to request repetitions would be to evaluate the DL RSRP and compare it to a configured threshold, but such an approach would be disregarding the gNB receiver conditions with respect to the interference situation and hence would be rather suboptimal
· [8/xiaomi] There would be two understandings in gNB side if no repetition request received, one is that repetition is unnecessary, the other is that UE is not capable of repetition.
· [10/CATT] Actually even if UE has the capability to do PUCCH repetition but it doesn’t mean UE always to do repetition.
· [15/Panasonic] UE can estimate more precisely than gNB whether repetitions would be necessary based on DL channel measurement
· [26/Sharp] the UE capable of Msg4 HARQ-ACK repetition does not always need repetitions
· Repetition factor indication 
· YES: [11/ZTE] [19/ETRI] [20/MTK]
· [11/ZTE] since UE knows its capability and channel environment better, it is able to select more appropriate repetition factor if multiple factors are allowed
· NO: [10/CATT] [17/Intel] [18/CMCC] [22/Samsung] [24/QC] [25/DCM] [27/Ericsson]
· Since path-loss is the most significant factor to affect link budget quality in satellite system, it is highly likely that gNB can estimate how much repetition is required depending on satellite altitude and elevation angle without assistance information from the UE.
· Capability report: [3/Spreadtrum] [5/Nokia, NSB] [6/vivo (for multiple factors)] [8/xiaomi] [12/NEC] [17/Intel] [18/CMCC (for single factor)] [19/ETRI] [20/MTK (?)] [24/QC] [25/DCM]
· [19/ETRI] Observation 1: If only one repetition factor is configured via SIB, all capable users will repeat HARQ for Msg4 the same number of times, and legacy user will only transmit once, so there is no need to transmit the number of required repetitions.
· [19/ETRI] Observation 2: If only one repetition factor is configured via SIB and a user does not report capability, signaling overhead may decrease from the capable user's point of view as all users are assigned the same uplink resource for HARQ, but in the case of legacy users, this resource may be wasted.
· No info: [6/vivo (for single factor)] [7/NTPU, NYCU (for single factor)] [9/Baicells (for single factor)] [11/ZTE (for single factor)]
· [17/Intel] [25/DCM] [27/Ericsson] It is up to gNB whether to enable UE request or rely on UE capability only
· [25/DCM] request is beneficial if gNB measurement based on Msg3 RX is more reliable, and capability report is beneficial if this is not the case.
· [27/Ericsson] in practice, there is no need to down-select between request and capability report. The solution can be further optimized by defining absence of the SSB RSRP threshold in SIB as an implicit indication that the UE capable of repetition shall always request repetition (i.e., indicate capability)
· [27/Ericsson] If only one repetition factor is configured via SIB (first sub-bullet in the working assumption), it is our understanding that there is no dynamic indication in DCI that the network can use to request the UE to perform the number of repetitions configured in SIB. In this case, all UE requesting Msg4 HARQ-ACK repetitions will transmit the configured number of repetitions, while (obviously) UE without repetition capability will not. To allocate the appropriate amount of UL resources, the network needs to know the UE capability.

· Signaling for [repetition request or capability report]
· PRACH preamble and/or occasion: [1/HW, HiSi] [3/Spreadtrum] [6/vivo] [10/CATT] [12/NEC] [15/Panasonic] [18/CMCC] [19/ETRI] [22/Samsung (?)] [23/Apple]
· [1/HW, HiSi]: Separate PRACH preambles/occasions from the conventional ones
· [1/HW, HiSi] [23/Apple]: Simultaneous repetition request for both Msg3 PUSCH and Msg4 PUCCH
· [3/Spreadtrum]: Same mechanism as Msg3 can be reused for PUCCH repetition request.
· [3/Spreadtrum]
· [image: ]
· [image: ]
· [5/Nokia, NSB] Observation 7: Indication of PUCCH repetition capability via Msg1 generates segmentation of the configured preambles, leading to increased collision probability.
· [12/NEC] Proposal 1: Msg3 PUSCH repetition request automatically implies Msg4 PUCCH repetition capability signalling.
· [15/Panasonic] the number of resource partitions (i.e. group of resources) can be reduced by restricting the combinations, e.g. UE requesting Msg.4 PUCCH repetition should always request Msg.3 PUSCH repetition and PRACH repetition
· [18/CMCC] it is simpler that the similar mechanism for Msg3 repetition in Rel-17 can be reused in this scenario
· [bookmark: _Hlk127984812][22/Samsung] ‘Msg3 PUSCH’ option doesn’t provide any benefit since gNB still needs to perform blind detection in order to differentiate between “repetition-capable UE”, and “non-capable UE” using different payload or resources
· [23/Apple] it is unclear how Msg 3 PUSCH can be used to deliver the PUCCH repetition request information. First, we do not think high layer signaling of Msg3 should be changed for this purpose. Second, using a dedicated scrambling to Msg 3 PUSCH or using a dedicated DMRS port for Msg 3 PUSCH has significant specification impact and increases network detection complexity.
· Msg3 PUSCH: [3/Spreadtrum] [7/NTPU, NYCU] [8/xiaomi] [11/ZTE] [19/ETRI] [20/MTK] [24/QC] [25/DCM] [26/Sharp] [27/Ericsson]
· Via higher layer: [3/Spreadtrum] [24/QC] [25/DCM] [26/Sharp] [27/Ericsson]
· [24/QC] [25/DCM] [26/Sharp] a reserved LCID codepoint
· [27/Ericsson] R bit(s) in the MAC subheader
· [27/Ericsson] If LCID codepoints are used to request Msg4 HARQ-ACK repetitions, four of the seven reserved LCID codepoints would be needed to also support simultaneous indication of CCCH for a RedCap UE and CCCH size of 48 and 64 bits.
· Via physical layer: [24/QC]
· [3/Spreadtrum] UE uses different scrambling and/or DMRS ports to send Msg3 to indicate the request of repetition and/or capability to the network. It would have big impact on gNB. gNB need to blind decoding by assuming different scrambling and/or DMRS ports for Msg3 receiving.
· [24/QC] DMRS port 1 instead of 0
· [5/Nokia, NSB] Observation 8: Indication of PUCCH repetition capability via Msg3 payload impacts the coverage capability of the Msg3.
· [25/DCM] each of PRACH resource fragmentation and PRACH overhead increase is not desirable from NW perspective
· [26/Sharp] the information is provided by PRACH resource/sequence, which causes PRACH resource segmentation
· [27/Ericsson] Excessive partitioning of the PRACH resources may cause capacity problems for PRACH and increases complexity. Knowledge of the UE’s need for Msg4 HARQ-ACK repetition is not needed in the network until after Msg3 is received.
· [27/Ericsson] Introduce a "combined compact PHR and request for Msg4 HARQ-ACK repetition" using one or two of the reserved bits in the MAC subheader of Msg3 PUSCH.
· Selection of the number of Msg4 HARQ-ACK repetition based on measurements on Msg3 PUSCH is complicated by the fact that the UL transmission power of Msg3 PUSCH is unknown due to TPC. It is unclear if this is a problem in practice since coverage problems for Msg3 and Msg4 HARQ-ACK are strongly correlated and full TX power is likely needed for Msg3 when repetitions are needed for Msg4 HARQ-ACK.
· Msg4 PUCCH: [5/Nokia, NSB]
· [5/Nokia, NSB] Indication of PUCCH repetition capability via Msg4 HARQ-ACK PUCCH would be possible if the indication is carried by the PUCCH signal characteristics rather than the UCI, considering that the information of whether or not a UE supports the PUCCH repetitions needs to be known at gNB before the demodulation and decoding of the PUCCH.

· Determination of whether requested or not
· Based on RSRP measurement vs a threshold: [1/HW, HiSi] [7/NTPU, NYCU] [17/Intel] [23/Apple] [26/Sharp]
· [23/Apple] similar triggering procedure for PUSCH repetitions for Msg3 could be applied to PUCCH for Msg4 HARQ-ACK.
· [26/Sharp] in the NTN operation with Rel-18 Msg4 HARQ-ACK repetition, it is very likely that Rel-17 Msg3 repetition would also be applied, because Msg 3 PUSCH has normally less coverage than PUCCH for Msg4 HARQ-ACK. This means that RSRP based determination before the initial access is anyway required in such an NTN operation. Relying on UE implementation for only Msg4 HARQ-ACK does not simplify the procedure.
· Different measurement threshold from Msg3 repetition request: [1/HW, HiSi] [17/Intel]
· Same measurement threshold as Msg3 repetition request: [23/Apple]
· New request trigger: [3/Spreadtrum]
· [3/Spreadtrum] in Figure 3(b), there is little difference of RSRP between cell center and edge in NTN and the channel condition of a UE in cell center and cell edge is quite different.
· 


· Dynamic indication
· Signal
· Some of the existing fields in DCI scheduling the Msg4 PDSCH: [1/HW, HiSi] [4/OPPO] [8/xiaomi] [15/Panasonic] [16/Lenovo (?)] [17/Intel] [19/ETRI] [20/MTK] [22/Samsung] [24/QC] [25/DCM] [26/Sharp] [27/Ericsson]
· MCS information field: [1/HW, HiSi] [4/OPPO] [19/ETRI] [25/DCM]
· [1/HW, HiSi] 3LSBs for MCS, 2LSBs for dynamic indication
· [26/Sharp] Even though the quality of PUCCH for Msg4 HARQ-ACK is predicted to be insufficient, that does not necessarily mean only lower MCSs are feasible for Msg4 PDSCH.
· PRI field: [4/OPPO] [15/Panasonic]
· HPN field: [4/OPPO] [19/ETRI] [25/DCM]
· DAI field: [4/OPPO] [17/Intel] [20/MTK] [24/QC] [25/DCM] [26/Sharp] [27/Ericsson]
· K1 field: [15/Panasonic]
· TPC field: [25/DCM]
· New field in DCI scheduling the Msg4 PDSCH: [22/Samsung] [23/Apple]
· CRC scrambling of DCI scheduling the Msg4 PDSCH: [5/Nokia, NSB]
· [image: テキスト が含まれている画像

自動的に生成された説明]
· Joint indication with Msg3 repetition factor: [18/CMCC] [20/MTK]
· [18/CMCC] Considering the payload of PUSCH carry Msg3 is usually larger than that of Msg4 HARQ-ACK，the repetition factor of Msg4 HARQ-ACK can be same or the fraction of the Msg3 repetition factor by pre-defined rule.
· [20/MTK] It is reasonable assumption that the path loss experienced by UE for MSG3 transmission would not change significantly with MSG4 HARQ ACK transmission.
· Configuration per PUCCH resource: [22/Samsung] [23/Apple]
· Max N candidates of repetition factor
· N = 2
· N = 4: [17/Intel (fixed)]
· [17/Intel] there is no benefit for configuring a subset of values for repetition factors (i.e. 3 values or 2 values)

· When no factor is configured
· No repetition: [6/vivo] [9/Baicells] [12/NEC] [15/Panasonic] [20/MTK] [21/LGE] [24/QC] [25/DCM]
· [15/Panasonic] One is to fall back to Rel.17 behavior, i.e. no repetition for msg4 PUCCH. The other is to use default set of repetition factors for dynamic indication. In the former case, whether repetition factor is indicated via SIB implicitly indicates whether msg4 PUCCH repetition is supported by the network. This operation is backward compatible with earlier NTN UEs. In the latter case, additional indication on whether msg4 PUCCH repetition is supported by the network is necessary. The latter case would be less attractive.
· Dynamic indication from {1,2,3,4}: [1/HW, HiSi]
· [1/HW, HiSi] Specifically, as specified in TS38.331, BWP-UplinkCommon contains the higher layer parameter numberOfMsg3-RepetitionsList-r17, which is an optional configuration. If the repetition number is not configured in SIB by gNB, the 2MSB of MCS field directly indicates the exact value of repetition as in {1,2,3,4}

· ‘1’ for a single factor configuration
· Yes: [1/HW, HiSi] [6/vivo]
· [1/HW, HiSi] Since the higher layer parameter NumberOfMsg3-Repetitions-r17 contains the slot value {n1}, it seems reasonable to include value 1 for Msg4 HARQ-ACK repetition for spec consistency.
· [6/vivo] UE should perform PUCCH repetition with factor 1 based on the PUCCH repetition procedures and signaling introduced in this WI
· No: [17/Intel] [21/LGE] [25/DCM]
· [17/Intel] there is no need to support configuration of repetition factor equal to 1 since PUCCH repetition in response to Msg4 HARQ-ACK feature can be enabled or disabled by the gNB.

· FH
· Intra-slot: [1/HW, HiSi] [5/Nokia, NSB] [8/xiaomi] [25/DCM] [27/Ericsson]
· [1/HW, HiSi]: Nevertheless, the observed gain of inter-slot frequency is too little to proceed such effort.
· [5/Nokia, NSB] Except for some very specific scenarios, the NTN channel can generally be considered flat in the frequency domain. Further, as the inter-slot frequency hopping for PUCCH is a UE capability feature (indicated by the parameter interSlotFreqHopPUCCH-r17)
· [8/xiaomi] Observation 1: The SNR gap for PUCCH of Msg4 HARQ-ACK can be covered by 4 repetitions without frequency hopping. Observation 2: The performance gain of enabling inter-slot frequency hopping is negligible. 
· [25/DCM] Intra-slot FH has an advantage of better user-multiplexing performance in a cell where some UEs perform PUCCH repetition and other UEs do not perform that; e.g., when a resource w/ inter-slot FH (e.g., resource with red square below) is used, two resources become unavailable for intra-slot FH.
· Inter-slot: [6/vivo] [15/Panasonic] [17/Intel] [21/LGE] [23/Apple]
· [6/vivo] enable/disable inter-slot frequency hopping
· Alt 1: reusing the frequency hopping flag information field in UL RAR grant when the repetition number is configured to be more than 1
· Alt 2: repurpose some fields in scheduling DCI corresponding to msg4 PDSCH
· [15/Panasonic] Observation 1: Inter-slot FH and DMRS bundling of PUCCH for Msg.4 HARQ-ACK has large gain in NACK-to-ACK error performance but only marginal gain in ACK miss-detection performance. ACK miss-detection is dominant in 4 or less repetitions case and NACK-to-ACK error is dominant in 8 repetitions case.
· [17/Intel] it may not require additional specification effort as it is already supported for PUCCH repetition with dedicated configuration. Thus, inter-slot frequency hopping can be considered to further improve the coverage performance for PUCCH for Msg4 HARQ-ACK.
· [21/LGE] Because it is advantageous in terms of frequency diversity, the inter-slot frequency hopping was introduced in Msg3 PUSCH repetition in Rel-17 NR CE. Similarly, we think it is desirable that inter-slot frequency hopping is supported for PUCCH repetition for Msg4 HARQ-ACK.
· [21/LGE] Proposal 8. Further discuss on which slots are applied if the inter-slot frequency hopping for PUCCH repetition for Msg4 HARQ-ACK is enabled.
· Option 1: Operates between the first half slots and the last half slots
· Option 2: Operates between even-numbered slots and odd-numbered slots
· No FH: [9/Baicells]
· [9/Baicells] Observation 1: For Msg4 HARQ ACK in NTN, intra-slot frequency hopping worsen the performance compared to no intra-slot frequency hopping.

· UE capability signaling details
· One: [4/OPPO] [5/Nokia, NSB] [12/NEC] [15/Panasonic] [25/DCM]
· [4/OPPO] the UE capability only depends on whether the UE can perform PUCCH repetition for Msg4 HARQ-ACK, so semi-static and dynamic indication correspond to the same UE capability.
· [5/Nokia, NSB] Proposal 8: For PUCCH repetitions for Msg4 HARQ-ACK, UE indicating repetition capability is assumed to support all repetition factors in the set of available repetition factors.
· [12/NEC] In connected mode, PUCCH repetition capability indication applies to all the repetition factors in the set.
· [15/Panasonic] If there is a possibility that UE only supporting cell specific repetition factor (i.e. SIB indication of only one repetition factor) and UE supporting dynamic indication exist in a same cell, gNB would need to configure only one repetition factor and therefore dynamic indication cannot be used as the capability is not known by gNB
· More
· Zero: [1/HW, HiSi]

· DMRS bundling
· Support: [11/ZTE] [23/Apple]
· [11/ZTE] Significant performance improvement can be achieved by DMRS bundling by enabling joint cross-slot channel estimation and frequency pre-compensation.
· [23/Apple] to further enhance the coverage of PUCCH for Msg4 HARQ-ACK via joint channel estimation over the slots of PUCCH repetition.
· Not support: [1/HW, HiSi] [5/Nokia, NSB] [6/vivo] [15/Panasonic] [17/Intel]
· [1/HW, HiSi] Observation 1: DMRS bundling offers no performance gain on top of repetition transmission for PUCCH of Msg4 HARQ-ACK. Besides, DMRS bundling is a technique which depends on UE capability of maintaining phase continuity and power consistency during repetition transmissions, which requires additional early capability report regarding the unfinished RRC setup during initial access.
· [5/Nokia, NSB] support of such feature is not mandatory from a UE point of view, and therefore support of DMRS bundling for the PUCCH of the Msg4 HARQ-ACK would have a large specification impact since it would require additional capability signalling and network configurations in initial access
· [6/vivo] Over-optimizing the performance of PUCCH repetition for msg4 HARQ-ACK is unnecessary. Furthermore, the discussion on DMRS bundling for PUCCH repetition for msg4 HARQ-ACK would be complicated and cumbersome, which would increase the work load not allowed by the limited TU allocated for this topic.
· [15/Panasonic] Because miss-detection rate becomes more critical when inter-slot FH is used, additional gain of JCE is not obtained although gain of JCE is seen in NACK-to-ACK error rate.
· [17/Intel] support of feature which may not be supported for all the UEs and requires additional UE capability report is not preferred.

· PUCCH resource candidates
· Should be enhanced: [21/LGE] [25/DCM]
· [21/LGE] if the legacy behavior is reused without any changes, the PRB location based on PRB offset (Table 9.2.1-1 in TS38.213 [3]) must be applied equally regardless of the repetition factor. Thus, gNB is forced to allocate resources for PUCCH repetition using different time domain resources (because sequence domain resources are limited), resulting in an increase in the average time delay of UEs in the cell.
· [21/LGE] Proposal 3. Additional PRB offsets can be supported for each PUCCH repetition factors for Msg4 HARQ-ACK.
· [25/DCM] For PUCCH repetition for Msg4 HARQ-ACK, support more than 16 PUCCH resources in a cell.

· Terminology
· [17/Intel] RAN1 to discuss PUCCH for Msg4 HARQ-ACK which corresponds to PUCCH resource indicated by a DCI format 1_0 with CRC scrambled by TC-RNTI
· [21/LGE] [22/Samsung] RAN1 discuss enhancement for PUCCH to be used when dedicated PUCCH resource configuration is not provided.
· [24/QC] Proposal 5: The same repetition factor of the PUCCH for Msg4 HARQ-ACK applies to other PUCCH without additional signaling when dedicated PUCCH resource configuration is not provided.

· PUCCH resource set
· [21/LGE] Proposal 5. The NTN UE expects the parameter "pucch-ResourceCommon" to indicate one of indexes 11 to 15 in Table 9.2.1-1 in TS38.213, if the PUCCH repetition for Msg4 HARQ-ACK is configured.
· [21/LGE] Proposal 6. It is possible to consider creating a new PUCCH resource set table consisting only of PUCCH format 1 with 14 OFDM symbols for Rel-18 NR NTN UE.
· [23/Apple] Proposal 7: Support a separate configuration of PUCCH resource set for NTN.

· Others
· [3/Spreadtrum] Proposal 7: Beam-level repetition value configuration of PUCCH for Msg4 HARQ-ACK can be supported.
· [6/vivo] Proposal 6: Do not support number of PUCCH repetitions larger than 8 for msg4 HARQ-ACK feedback.
· [17/Intel] Proposal 5: Specification update needs to be considered to support available slot counting based on existing principles (as in section 9.2.6 of TS 38.213) for the repetition of PUCCH in response to Msg4 HARQ-ACK
· Observation 1: Section 9.2.6 of TS 38.213 is for PUCCH repetition in RRC connected mode, both tdd-UL-DL-ConfigurationDedicated and tdd-UL-DL-ConfigurationCommon are used to determine the available slot in that case
· [17/Intel] Same Tx beam and same PUCCH resource is applied for all the repetitions of PUCCH transmission with HARQ-ACK in response to Msg4 PDSCH
· [22/Samsung] Proposal 2: Support at least PUCCH repetition for PUCCH format 1.
· [22/Samsung] Observation 1: Specification update is not needed for slot counting in case of Msg4 HARQ PUCCH repetition.



5.2. DMRS bundling for PUSCH taking into account NTN-specifics
· Performance analysis
· [1/HW, HiSi] Observation 6: For PUSCH VoIP, DMRS bundling performance is still 2.79 dB worse than the achievable CNR for the Set-1 LEO 1200 PUSCH and elevation of 30 degree for VoIP when antenna switching is disabled.
· [15/Panasonic] Observation 1: DMRS bundling with 10 slots or less is sufficient for PUSCH VoIP.
· [19/ETRI] Observation 7: The link budget gap for the PUSCH VoIP in RAN1#110-e might be degraded by more than 2~3 dB with 1 RB assumption because the TDW length might be less than 20 ms.
· The average gap with 20 repetition and DMRS bundling/JCE might be 2.64 dB
· The average gap with 10 repetition and DMRS bundling/JCE might be more than 4.64~5.64 dB.
· [27/Ericsson] For a given TDW length, post-compensation of the sub-carrier phase drift in gNB can improve BLER performance for PUSCH. However, for the TDW lengths that are possible without exceeding RAN4 timing accuracy requirements, phase drift post-compensation has only limited gain in the evaluated scenario.

· Doppler shift / timing drift / phase rotation analysis
· [4/OPPO] Observation 1: The phase continuity requirement in 38.101-1 does not consider NTN scenario and the defined requirement margin is not supposed to cover the phase difference caused by timing drift and/or doppler shift.
· [5/Nokia, NSB] Proposal 1: RAN1 to discuss which frequency offsets caused by PPM requirements would be acceptable to allow for DMRS bundling for NR over NTN.
· [5/Nokia, NSB] Proposal 2: UE shall be expected to pre-compensate the phase shift/difference digitally caused by round trip time drift on a slot basis.
· Observation 1: Taking the maximum round trip time drift into account, DMRS bundling sizes of 11 slots and 12 slots can be supported for minimum elevations angles of 10 and 30 degrees, respectively.
· Observation 2: The maximum supported DMRS bundling duration is further reduced when only a fraction of the entire timing error requirement budget is allocated for round trip time drift.
· Observation 3: For elevation angles of 10 and 30 degrees, the phase shift, due to round trip time drift, across DMRS symbols evolves as n×16.469 degrees and n×14.48 degrees, respectively.
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· [6/vivo]: Observation 3: For LEO-600 and LEO-1200, the maximum duration of DMRS bundling due to delay drift or timing error requirement is limited by 16ms for SCS of 15kHz. 
· [6/vivo]: Observation 4: For DMRS bundling with 32ms duration, the maximum doppler shift variation is much smaller than ±0.1ppm the frequency error requirement. 
· [6/vivo]: Observation 5: For DMRS bundling, the maximum duration due to phase difference is limited by 8ms for LEO-600 scenarios and 16ms for LEO-1200 scenarios. 
· [7/NTPU, NYCU]: Observation 1: Based on the maximum round-trip delay variation and maximum allowable phase difference, the maximum TDW size is 13 ms (slots) for LEO-1200 at elevation angle 30 degrees.
· [7/NTPU, NYCU]: Observation 2: To ensure that the timing error remains within the specified timing error limit, the maximum TDW size is as follows: 
· 13.4 and 11.78 ms slots for LEO-1200 at elevation angle 30 and 10 degrees
· 11.84 and 10.41 ms slots for LEO-600 at elevation angle 30 and 10 degrees
· [7/NTPU, NYCU]:  Observation 3: If UE does not perform frequency pre-compensation during the actual TDW for NR NTN, the maximum TDW size is 17.9 and 12.42 ms for LEO-1200 km and LEO-600 km with max Doppler shift variation.
· [9/Baicells] Proposal 5: To comply with the 29Ts timing error requirement, the actual TDW for DMRS bundling shall be within 11.8ms for LEO-600 at elevation angle of 30deg.
· [9/Baicells] Proposal 6: To comply with the 30 degree phase difference requirement, the actual TDW for DMRS bundling shall be within 12 ms for LEO-600.
· [10/CATT] If the duration of UL repetition transmission for one TB is over 16ms, maximum timing shift can exceed timing error requirements, which will cause performance degradation because of timing shift.
· [11/ZTE] Observation 1: The maximum DMRS TDW without timing and frequency adjustment should be within 6 slots for LEO-1200 satellite at 30 degree elevation angle to meet phase continuity requirement due to timing drift.
· [11/ZTE] Observation 3: The maximum DMRS TDW without timing and frequency adjustment should be within 13 slots for LEO-1200 satellite at 30 degree elevation angle to meet timing error requirement as 29Ts.
· [13/Sony] Proposal 1: RAN1 can assume that the same DMRS bundling requirement for Rel-17 TN UE should be applied to Rel-18 for NTN UEs.
· [13/Sony] Observation 1: The frequency error is removed from the DMRS bundling test results and has no impact on the phase continuity requirement.
· [14/Hyundai] Proposal #2 Consider the following options to mitigate the impact of timing drift and doppler shift for joint channel estimation.
· Option 1: Pre-compensation for timing drift and doppler shift at Tx side.
· Option 2: Post-compensation for timing drift and doppler shift at Rx side.
· Option 3: Both of Pre-compensation (Option 1) and Post-compensation (Option 2).
· [14/Hyundai] Proposal #3 RAN1 to discuss whether/how gNB supports compensation for common component of timing drift and Doppler shift and whether/how the common component is decided. 
· [14/Hyundai] Proposal #4 Discuss whether/how the common component is decided.
· [15/Panasonic] Observation 2: Time and frequency accuracy requirement can be satisfied without adjusting them during the TDW of 10 slots.
· [15/Panasonic] According to the conclusion in RAN1#111, phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement. Therefore, the Doppler frequency fluctuation due to satellite movement (i.e. up to 0.57 ppm/s) only is taken into account below.
· [15/Panasonic] In total, phase rotation of 5.8 degree per slot is observed as NTN specific factor. The dominant factor is the phase rotation due to timing drift. During 10 slots TDW of DMRS bundling, roughly 60 degrees phase rotation is observed in addition to the phase rotation due to the UE transmitter impairment as in TN (terrestrial network).
· Phase rotation due to timing drift (2RB case): 2π×(1 ms×42μs/s)×360kHz=0.095 rad=5.4 degree
· [18/CMCC] Observation 1. 	Considering the large timing drift variation with the timing error requirement that up to 29Ts, the length of TDW need to be less than 20 ms in the LEO-1200 satellite scenarios.
· [bookmark: _Hlk128051139][19/ETRI] Observation 6: The value of the TDW length might be configured
· LEO-600, elevation= 10°: max TDW length ≤⌊min(10.15ms,(9.96 ms)/N_RB )⌋= (9 ms @ 1 RB)
· LEO-600, elevation=30°: max TDW length ≤⌊min(11.55ms,(11.33 ms)/N_RB )⌋= (11 ms @ 1 RB)
· LEO-1200, elevation=30°: max TDW length ≤⌊min(13.03ms,(12.79 ms)/N_RB )⌋=(12 ms @ 1 RB)
· [20/MTK] Observation 1: The phase discontinuity within a TWD may depend on the elevation angle on the satellite link and feeder link, and the UL bandwidth schedule for UL transmission.
· [20/MTK] Observation 2: The phase discontinuity within a TWD is predictable at the UE.
· [23/Apple] Observation 2: If an NTN UE does not perform time and frequency update within a period of 20 slots, the UE likely breaks the requirement of maximum allowable phase difference for DMRS bundling due to a large timing drift rate in NTN.
· [24/QC] Observation 2: For LEO,  to meet the existing phase continuity requirement for DMRS bundling, the bundling window is less than 1 ms for 10 MHz carrier bandwidth at low elevation angles if time and frequency remains unchanged during the window.
· [24/QC] Observation 3: With segmented pre-compensation at UE and  post compensation of the timing error of the beam center at gNB in LEO, DMRS bundling with a large bundling size, e.g., 16, is feasible.
· [27/Ericsson] For LEO1200, the timing drift can be up to 71 ppm at 30° elevation angle.
· [27/Ericsson] The timing accuracy requirement for NTN UE is 29Ts (assuming 15 kHz SCS) but not all of this timing error budget can be used for managing the timing drift due to paused updating of the open-loop TA within the TDW.
· [27/Ericsson] RAN1 to discuss how to model the timing drift during DMRS bundling in terms of initial timing error at the start of the TDW and maximum timing drift within the TDW.
· [27/Ericsson] With a timing drift of 71 ppm and an optimistic assumption on the efficiency of closed-loop TA control, the UE has to update its autonomous TA pre-compensation every 9 slots to avoid excessive timing offset. With a less optimistic assumption on the initial timing error, shorter TDW lengths may be needed.
· [27/Ericsson] The TDW length cannot be increased by post-compensation of the RX timing in gNB.
· It should be noted that in the gNB receiver, the FFT is applied to the whole UL signal with an RX window that cannot be adjusted individually per UE. The UEs in a spotbeam will not necessarily have aligned TDWs and will therefore autonomously update their TAs at different times.

· UE behavior within each actual TDW
· No pre-compensation update: [6/vivo] [8/xiaomi] [13/Sony] [21/LGE] [23/Apple (if phase continuity is not maintained)] [25/DCM (if phase continuity is not maintained)]
· Allow pre-compensation update: [13/Sony] [25/DCM (if phase continuity is maintained)] [24/QC (if phase continuity is maintained)]
· [13/Sony] Observation 5: By knowing the time location when the UE performs pre-compensation, the channel estimation gain can be improved if the actual TDW crosses the pre-compensation event.
· [24/QC] Segmented time precompensation with carrier phase contiuity and power consistency.

· Procedure of UE pre-compensation update and actual TDW determination
· Actual TDW is determined based on when UE performs pre-compensation update causing phase discontinuity and power inconsistency
· YES: [3/Spreadtrum] [4/OPPO] [5/Nokia, NSB] [6/vivo] [8/xiaomi] [16/Lenovo (?)] [19/ETRI (?)] [26/Sharp] 
· UE reports pre-compensation timing and actual/nominal TDW is determined based on the report [5/Nokia, NSB] [6/vivo] [8/xiaomi]
· Nominal/actual TDW are determined based on NW configuration/indication and UE can perform pre-compensation update causing phase discontinuity and power inconsistency only at boundaries of two adjacent actual TDWs.
· As in the existing specification: [22/Samsung] [24/QC] [25/DCM] [27/Ericsson]
· [3/Spreadtrum] it would restrict scheduling timing of UE pre-compensation update and the phase difference/timing error may exceed tolerable range.
· [5/Nokia, NSB] Observation 6: Reporting of two different UE capabilities makes UE behviour prediction at gNB challenging, and creates unnecessary overhead.
· New NTN-specific configuration/indication: [5/Nokia, NSB] [10/CATT(?)] [11/ZTE] [16/Lenovo (?)]
· [24/QC] For UEs that cannot maintain power consistency and phase continuity due to time and frequency change, UE performs TDW based pre-compensation where time and frequency may be precomepsated at the beginning of a TDW but remain unchanged during the TWD. Network performs post-compensation to reduce the phase variation
· [27/Ericsson] Observation 10	The Rel-17 feature DMRS bundling already supports configuration of transmission segments equivalent to Rel-17 IoT NTN segmented uplink transmission through UE-specific RRC configuration of the nominal time-domain window length. No enhancements of the signaling are deemed necessary.

· Other event which causes power consistency and phase continuity not to be maintained
· Antenna switching as the event
· Yes: [1/HW, HiSi] [8/xiaomi] [19/ETRI (?)]
· [1/HW, HiSi] Observation 9: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.26 dB compared to 2.79 dB minimum coverage gap that can be provided by only using DMRS bundling.
· [1/HW, HiSi] Proposal 16: Support UE PUSCH antenna switching capability requiring/reporting to determine the TDW size.
· [8/xiaomi] when the TDW size of PUSCH DMRS bundling is lower than a threshold.
· No: [27/Ericsson]
· [27/Ericsson] Antenna switching can be implemented in the UE without specification impact.
· Indication or update of epoch time: [6/vivo] [17/Intel]
· [6/vivo] If the validity timer is restarted due to the update of epoch time within a TDW, the phase continuity and/or power consistency would be violated.

· Information/Capability report
· [13/Sony] [18/CMCC] Report information regarding when UE performs pre-compensation
· [15/Panasonic] Proposal 10: Whether time and phase drift due to satellite movement is taken into account or not in the TDW reported should be specified. Proposal 11: Consider more dynamic TDW report and/or indication.
· appropriate gNB behavior for joint channel estimation would be different depending on whether time and phase drift due to satellite movement is taken into account for TDW report. Therefore, condition of the TDW reported as UE capability needs to be specified.
· because appropriate TDW depends on the satellite elevation angle, more dynamic TDW report and/or indication would be necessary
· [17/Intel] UE capability related to maximum TDW duration should consider impact of UE autonomous adjustment of TA and frequency for PUSCH transmission
· [20/MTK] Proposal 9: Re-use Rel-17 NR Coverage Enhancement solution for NTN UE where UE reports the maximum duration expressed in consecutives slots during which power consistency and phase continuity can be maintained based on UE capability.
· [21/LGE] Proposal 9: For DMRS bundling in NTN environment, introduce a new UE capability based on types of NTN platforms.
· [21/LGE] Proposal 11: Discuss how UE declare TA pre-compensation from UE to gNB side before the PUSCH transmission if UE will restart actual TDW within configured TDW for PUSCH transmission according to expected TA drift, in order to have same and deterministic TDW structure between UE and gNB.
· [21/LGE] Proposal 12: Discuss how UE indicate TA pre-compensation from UE to the gNB during the PUSCH transmission if UE restarts actual TDW within configured TDW for PUSCH transmission according to TA drift, in order to have same and deterministic TDW structure between UE and gNB.
· [25/DCM] For PUSCH DMRS bundling, introduce a new capability signaling to report the time-duration where TA pre-compensation update causing phase discontinuity that may violate RAN4 requirement.
· [27/Ericsson] Consider defining a UE capability to distinguish 1) UE that can pre-compensate its local clock to cancel the Doppler shift effect at the start of the TDW 2) UE that can apply time and frequency pre-compensation that is updated at TDW borders
· 
· 
· Others 
· [16/Lenovo] Proposal 2: Time-frequency pre-compensation at UE side can be indicated by gNB in slot level to satisfy RAN4 requirement.
· [17/Intel] Additional gaps to adjust the UE pre-compensation values are not supported for NR NTN
· [20/MTK] Proposal 8: Support DM RS bundling enhancement in Rel-17 NR coverage enhancement for NR NTN with DM RS bundling window length of up to 4 ms.
· [22/Samsung] Proposal 6: Sends LS to RAN4 asking the feasibility of DMRS bundling for NTN when the UE applies TA pre-compensation.
· [22/Samsung] Observation 2: Rel-17 coverage enhancement provides fully flexible window size for DMRS bundling.
· [23/Apple] Proposal 11: The IoT NTN PUSCH segmented transmission mechanism is applied in case of PUSCH DMRS bundling. 
· the uplink PUSCH segment duration is considered in the DMRS bundling TDW configuration, i.e., TDW size is no larger than uplink PUSCH segment duration.
· [23/Apple] Proposal 12: The PUSCH segmented transmission duration is configured by the network and indicated by SIB or dedicated RRC signaling with the unit of slot.
· [24/QC] Proposal 9: RAN1 asks RAN4 to consider extending the required time window for coherent MIMO to accommodate the round trip delay in LEO.


5.3. Others
· [2/Lockheed] Proposal 2: Study the use of polarization for coverage enhancement in NTN.
· [6/vivo] Proposal 13: Circular polarization enhancement on Tx diversity could be studied for downlink coverage enhancements in NR NTN if needed.
· [11/ZTE] Proposal 4: Other enhancements including 2Tx, high power UE and polarization matching should also be supported to improve the performance for VoIP on PUSCH.
· [16/Lenovo] Proposal 1: Updated K-offset MAC CE is applied at the start of the first repetition of an uplink channel.
· [16/Lenovo] Proposal 7: Study the impact of polarization loss on the coverage of initial access procedure
· [16/Lenovo] Proposal 8: Study the scenario where gNB adopts different polarization modes to serve UEs with different polarizations modes at different time instances.
· [16/Lenovo] Proposal 9: Study the association between polarization mode and RS.
· [19/ETRI] polarization type mismatch compensation 
· [21/LGE] Proposal 13. For NTN coverage enhancement, it can be considered to configure exclusive RACH occasion for low power class UE suffering high path loss.
· [21/LGE] Proposal 14. It can be discussed whether and how to support handling open loop TA (e.g., UE specific TA and/or common TA) during repeated transmission of UL signal/channel (e.g., PRACH).
· [21/LGE] Proposal 15. If antenna polarization configuration of gNB are provided to UE, It can be necessary to discuss how to consider the antenna polarization for open-loop UL power control.
· [27/Ericsson] Postpone RAN1 discussions of DL enhancements until after RAN#99.
· [27/Ericsson] Conclude that there is a coverage gap for Msg3 PUSCH in case of CFRA that can be solved by Msg3 PUSCH repetition.
· Send an LS to RAN2 informing them of the coverage gap for Msg3 in case of CFRA and recommend them to specify signalling support for Msg3 repetitions in this case.
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7. Appendix-1 (Copy from WID RP-223534)
	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). 
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 specify if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) [RAN1]




8. Appendix-2 (Outcomes of post meetings)
8.1. RAN1#109-e
Agreement
For NR NTN coverage enhancement, evaluate only handset terminals as UE type.
· i.e., VSAT is not considered.

Agreement
Coverage performance in NR NTN is evaluated according to the following steps.
· Step 1: CNR is calculated as defined in 6.1.3.1 of TR38.821
· For polarization loss,
· 3 dB polarization loss is assumed as baseline, and companies are encouraged to report the value and corresponding justification if other value is used
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared

Agreement
Coverage performance in NR NTN is evaluated for GEO/LEO-1200/LEO-600 scenarios.
· Note: Service type for each scenario is discussed separately
· Note: Parameter set (Set-1/2) is discussed separately
· Note: MEO can be evaluated optionally

Agreement
For evaluation of coverage performance in NR NTN,
· It is assumed that carrier bandwidth is sufficiently large to transmit each channel.
· Companies are encouraged to report BWP bandwidth, when necessary (e.g. for frequency hopping).
· Note: each channel bandwidth is discussed separately.

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

Agreement
Reuse Set-1/2 satellite parameters as in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, and as in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band.
· In addition, evaluations assuming relevant ITU regulatory limitations on power flux density can be reported in the study phase.
· Companies should report which value of EIRP density is used and corresponding justification.

Agreement
For link budget calculation, parameters in the following table is assumed.
	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band)

	Channel bandwidth
	FFS

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km

	Target elevation angle
	[30 (LEO), 12.5 (GEO-Set 1) , 20° (GEO –Set 2), 30° (MEO)]

	Atmospheric loss
	Equation (6.6-8) in [2]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [2]
Ionospheric loss: [image: cid:image001.png@01D86B64.CB773B00]= 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [2]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

	Free space path loss
	Equation (6.6-2) in [2]

	Terminal RF parameters
	FFS

	Satellite RF parameters
	FFS

	Polarization loss
	As agreed separately

	Outcome
	CNR

	· NOTE 1:             Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
· [image: cid:image002.png@01D86B64.CB773B00]dB
· NOTE 2:             [2] in this table is 3GPP TR 38.811 v15.2.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"


 
Agreement
If corresponding channel (including SCS) is agreed as evaluation target channel, the following features introduced in Rel-17 Coverage enhancement WI can be applied in coverage evaluation of NR NTN.
· For VoIP, max 20 PUSCH repetitions if SCS = 15 kHz and packet combining/HARQ are not applied; otherwise, max 32 PUSCH repetitions with consideration of the impact on E2E latency
· For low-data rate service, max 32 PUSCH repetitions
· TBoMS
· Joint channel estimation (DMRS bundling)
· Companies are encouraged to report how to apply
· Max 16 Msg.3 PUSCH repetitions

Agreement
For low-data rate service, the following target data rate is assumed.
· For DL, 3 kbps if satellite EIRP density lower than values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, or values in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band due to ITU regulatory limitations on power flux density is considered; otherwise, 1 Mbps
· For UL, 3 kbps and 100 kbps
· FFS: which data rate applies for GEO/MEO/LEO

Agreement
For NR NTN coverage enhancement, the following channels/signals can be evaluated.
· PUSCH for VoIP
· PUSCH for low data rate service
· PUCCH format 1 with 2 bits 
· PUCCH format 3 with 11 bits 
· PRACH format 0
· PRACH format 2
· PRACH format B4 
· PUSCH Msg.3
· PUCCH for Msg.4 HARQ-ACK 
· SSB
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2 
· PDSCH Msg.4
· PDCCH
· Broadcast PDCCH (PDCCH of Msg.2) 

Agreement
Evaluate coverage performance for the following UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration.

	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1 TX, 2TX (optional) / 2 RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	[X] dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	[X] dBi per element


· X = -5 as working assumption
· Send an LS to RAN4 to ask whether above antenna gain is valid and if invalid, appropriate value.

R1-2205622	[Draft] LS on UE antenna gain for NR NTN coverage enhancement	Moderator (NTT DOCOMO, INC.)
R1-2205623	LS on UE antenna gain for NR NTN coverage enhancement	RAN1, NTT DOCOMO, INC.
Final LS is endorsed in R1-2205623.

Agreement
For coverage performance evaluation, the following elevation angle is assumed.
· 30 deg for LEO, 12.5 deg for GEO-Set 1, 20 deg for GEO-Set 2, as in in Table 6.1.3.2-1 of TR38.821
· Note: For GEO-Set 1, channel parameters for 10 deg is used in LLS.
· 30 deg for MEO
· Other elevation angles can be evaluated as optional
· Note: these values are elevation angles at the edge of the edge beam.

Agreement
For NR NTN coverage enhancement, evaluate the following cases.
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Terminal
	Frequency band
	Service type

	1
	GEO
	1
	12.5
	Handset
	S-band
	Low-data rate service

	2
	GEO
	2
	20
	Handset
	S-band
	Low-data rate service

	3 (Optional)
	LEO-1200
	1
	30
	Handset
	S-band
	VoIP

	4
	LEO-1200
	2
	30
	Handset
	S-band
	VoIP

	5 
	LEO-1200
	2
	30
	Handset
	S-band
	Low-data rate service

	6 (Optional)
	LEO-600
	1
	30
	Handset
	S-band
	VoIP

	7 
	LEO-600
	2
	30
	Handset
	S-band
	VoIP

	8 (Optional)
	LEO-600
	2
	30
	Handset
	S-band
	Low-data rate service

	9 (Optional, with higher priority than case 10)
	MEO
	1
	30
	Handset
	S-band
	Low-data rate service

	10 (Optional)
	MEO
	2
	30
	Handset
	S-band
	Low-data rate service



Agreement
For coverage performance evaluation, the following are assumed for all channels/signals
· Channel model/Delay spread
· Channel model as in Table 6.1.2-4 of TR38.821, assuming NTN-TDL-A (NLOS) and NTN-TDL-C (LOS)
· Evaluation scenario
· Rural (LOS/NLOS)
· Sub-urban (LOS/NLOS) (optional)
· Channel estimation: Realistic estimation
· Companies are encouraged to report channel estimation method.
· SCS
· 15 kHz only
· UE speed: 3 km/h
· Frequency drift: Not assumed
· Frequency offset: 0.1 ppm

Agreement
For coverage evaluation of PUSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM, CP-OFDM (optional)

	PUSCH duration        
	14 OS

	Repetitions 
	w/ type A repetition, optional for type B repetition.
The actual number of repetitions is reported by companies.

	HARQ configuration 
	Whether/How HARQ is adopted is reported by companies. 

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK, pi/2 BPSK (optional)

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PUCCH in NR NTN, the following table is assumed.
	Parameter
	Value

	PUCCH format 
	Format 1, 2bits UCI.
Format 3, 11 bits UCI

	Frequency hopping
	w/ frequency hopping

	BLER
	-     For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.
-     For PUCCH format 3: 
BLER for Ack/Nack, SR: 1%
BLER for CSI: 1%, optional for 10%.

	Number of UE transmit chains
	1 

	DMRS configuration 
	Number of DMRS symbols for PUCCH Format 3: Reported by companies

	Repetitions
	w/ repetition.
The maximum number of repetitions is 8.

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PRACH in NR NTN, the following table is assumed.
	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

	SCS
	Reported by companies.

	Performance metric
	1% missed detection at 0.1% false alarm probability
10% missed detection: reported by companies if this value is used

	Number of UE transmit chains
	1, 2 (optional)

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of PUSCH Msg.3 in NR NTN, the following table is assumed.
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	Waveform 
	DFT-s-OFDM

	HARQ configuration
	Whether/How is adopted is reported by companies.

	PUSCH duration        
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of SSB in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Periodicity
	20ms

	Performance metric
	Combination of 4 SSBs in 80ms.
Note: UE is not assumed to know the SS/PBCH block index

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of PDSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.4
	1040 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PDCCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies



8.2. RAN1#110
Conclusion
For Rel-18 coverage enhancement in NTN, NLOS environment is deprioritized.

Agreement
For NR-NTN coverage enhancement, RAN1 concludes that coverage enhancements specifically for GEO and MEO are de-prioritized in Rel-18.
· Potential enhancements for LEO can also apply to GEO and MEO

Agreement
For NR-NTN coverage enhancement in Rel-18, link budget of parameter set-1 for LEO-1200 operating at LOS is considered as the target to evaluate whether each channel/signal with the existing specification needs to be enhanced or not. The targeted performances are used to evaluate the following services:
· VoIP using AMR 4.75 kbps. 
· Low data rate of 3 kbps. 
· Potential enhancements for deployments with parameter set-1 can also apply for deployments for parameter set-2

Observation
For PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS,
· Five sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with at least 0.6 dB gap

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Three sources observed that the existing specification cannot meet the performance requirement with a gap of 1.8 to 6 dB.

Conclusion
RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PRACH format 0 with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Eight sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 5.3 dB
For PRACH format 2 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification can meet the performance requirement
· Two sources observed that the existing specification cannot meet the performance requirement with a gap of 1.9 to 8.8 dB
For PRACH format B4 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification cannot meet the performance requirement with a gap of 1.2 to 11.9 dB
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
For PUSCH for VoIP with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement with a margin of 0 to 1.7 dB
· One company simulated by using 20 repetitions without DMRS bundling
· Four companies simulated by using 20 repetitions with DMRS bundling
· One company simulated by using 32 repetitions with DMRS bundling
· Note: this is the only result using frame combining by application layer
· Nine sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 8.6 dB
· Eight companies simulated by using 20 repetitions without DMRS bundling
· Seven companies simulated without frequency hopping
· One company simulated by using 16 repetitions with DMRS bundling
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
RAN1 concluded that enhancement for PUSCH for VoIP may be needed to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, when DMRS bundling is not applied.

Observation
For Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with a gap of 1.5 dB.

Conclusion
RAN1 concluded that enhancement is unnecessary for Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

8.3. RAN1#110bis-e
Agreement
For PUCCH for Msg4 HARQ-ACK,
· Support PUCCH repetition
· Further discuss the specification impact for at least the following
· Procedure and signaling (e.g., cell-specific configuration, request to gNB and dynamic indication from gNB, UE capability indication before Msg4, etc.)
· Repetition factor
· Repetition slot counting for FDD
· Further study whether to enhance or support the following
· Frequency hopping
· DMRS bundling

Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4

Conclusion
For PUCCH repetition for Msg4 HARQ-ACK,
· The existing mechanism on repetition slot counting (as in section 9.2.6 of TS 38.213) can be applied.
· FFS: whether specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed.

Agreement
For NTN-specific PUSCH DMRS bundling,
· Discuss further the need of enhancement in consideration of at least the following:
· Phase difference due to timing drift and/or doppler shift.
· e.g., whether/how long a UE can meet phase continuity requirement specified as Table 6.4.2.5-1 in 38.101-1 in consideration of frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-5 and timing error specified in Table 7.1C.2-1 of 38.133, whether RAN1 should introduce enhancement to meet the requirement and/or recommend RAN4 to update the requirement or UE should pre-compensate phase difference by UE implementation, etc.
· An event which causes power consistency and phase continuity not to be maintained.
· e.g., whether the new event is necessary to determine actual TDW(s) from each nominal TDW or the existing specification can work without any specification change or whether such event may not occur depending on implementations, etc.
· Note: baseline performance for legacy UEs can include antenna switching

Agreement
For PUCCH transmission for Msg4 HARQ-ACK,
· Supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
· FFS: whether/how single PUCCH transmission can be configured and/or indicated

8.4. RAN1#111
Conclusion
For the study of NTN-specific PUSCH DMRS bundling, RAN1’s understanding is that Phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement for two adjacent slots specified as Table 6.4.2.5-1 in 38.101-1, according to annex F.9 and F.4 of 38.101-1.

Conclusion
RAN1 concluded that PUSCH DMRS bundling with sufficient TDW size should be applicable in NTN to meet the performance requirement for VoIP
· FFS: How to determine TDW size, including UE capability.
· Note: The above does not mean the performance requirements will be satisfied with DMRS bundling

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion


9. Appendix-3 (Contact information)
	Company
	Name
	Email

	FL (DCM)
	Shohei Yoshioka
	shohei.yoshioka@docomo-lab.com
syouhei.yoshioka.py@nttdocomo.com

	Lenovo
	Hongmei Liu
	Liuhm6@lenovo.com

	Apple 
	Chunxuan Ye
	Chunxuan_ye@apple.com

	Apple
	Chunhai Yao
	Chunhai_yao@apple.com

	Xiaomi
	Min Liu
	Liumin10@xiaomi.com

	Xiaomi
	Yajun Zhu
	zhuyajun@xiaomi.com

	vivo
	Zhipeng Lin
	zhipeng.lin@vivo.com

	vivo
	Yong Wang
	wy.wang.5g@vivo.com

	Nokia
	Frank Frederiksen
	Frank.frederiksen@nokia.com

	OPPO
	Hao LIN
	lin.hao@oppo.com

	OPPO
	Zuomin WU
	wuzuomin@oppo.com

	OPPO
	Nande Zhao
	zhaonande@oppo.com

	Huawei, HiSilicon
	Xiaolei TIE
	tiexiaiolei@huawei.com

	Huawei, HiSilicon
	Ying Chen
	chenying18@huawei.com

	Huawei, HiSilicon
	Xinghua Song
	songxinghua@huawei.com

	ZTE
	Fangyu Cui
	cui.fangyu@zte.com.cn

	CATT
	Deshan Miao
	miaodeshan@catt.cn

	Ericsson
	Stefan Eriksson Löwenmark
	stefan.g.eriksson@ericsson.com

	Thales 
	Mohamed EL JAAFARI
	mohamed.el-jaafari@thalesaleniaspace.com

	Spreadtrum
	Zhenzhu Lei
	reven.lei@unisoc.com

	MediaTek
	Gilles Charbit
	Gilles.charbit@mediatek.com 

	InterDigital
	Moon-il Lee
	Moonil.lee@interdigital.com 

	Sony
	Samuel Atungsiri
	Sam.Atungsiri@sony.com

	Lockheed
	Robert Olesen
	robert.l.olesen@lmco.com

	ETRI
	Dukhyun You
	dhyou@etri.re.kr

	ETRI
	Jung-Bin Kim
	jbkim777@etri.re.kr

	ETRI
	Gyeongrae Im
	imgrae@etri.re.kr

	Panasonic
	Akihiko Nishio
	nishio.akihiko@jp.panasonic.com

	Samsung
	Sungjin Park
	sj100.park@samsung.com

	Samsung
	Carmela Cozzo 
	carmela.c@samsung.com

	Omnispace
	Ron Olexa
	rolexa@omnispace.com

	NEC
	Pravjyot Singh Deogun
	pravjyot.deogun@emea.nec.com

	Ligado
	Clive Packer
	clive@ligado.com

	Hughes/EchoStar
	Munira Jaffar
	Munira.Jaffar@EchoStar.com; munirajaffar@hughes.com

	Qualcomm
	Xiao Feng Wang
	wangxiao@qti.qualcomm.com

	Qualcomm
	LiangPing Ma
	lpma@qti.qualcomm.com

	Novamint
	Thierry Bérisot
	tberisot@novamint.com

	GateHouse
	Robert van der Pool
	rvp@gatehouse.com

	FGI
	YenHua Li
	danielli@fginnov.com

	LG
	Haewook Park
	haewook.park@lge.com

	LG
	Seokmin Shin
	seokmin.shin@lge.com

	LG
	Duckhyun Bae
	duckhyun.bae@lge.com

	Baicells
	Xiang Yun
	yunxiang@baicells.com

	Baicells
	Yong Ding
	dingyong@baicells.com

	Sharp
	Tomoki Yoshimura
	yoshimurat@sharplabs.com
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