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Introduction
This topic is mentioned in Rel-18 NR NTN WID. As discussed/concluded at the previous RAN1#113 meeting, we focus on coverage enhancement of PUCCH for Msg4 HARQ-ACK and discussion of DMRS-bundling for PUSCH.
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, 
· Two-state information is transmitted as ‘repetition request or capability report’ in the existing agreements/working assumptions.
· The two-state information represents state 1: ‘repetition request or capability report’ or state 2: no indication.
· How to transmit the two-state information is up to RAN2 when higher layer signaling is used for the transmission.
· In state 1, only either repetition request or capability report is transmitted from each UE when transmitted, and they are not differentiated in the signaling.
· Note: repetition request and capability report are defined as in the working assumption reached at RAN1#112.
Agreement
Draft LS to RAN2 in R1-2306085 is endorsed with the following change:
[bookmark: _Hlk135670142]It is noted that an additional working assumption was reached for repetition request or capability report.
Final LS in R1-2306105

Agreement
If PUCCH repetition discussed in R18 NR NTN coverage enhancement is supported for PUCCH transmission when dedicated PUCCH resource configuration is not provided:
· The agreements and working assumptions for PUCCH for Msg4 HARQ-ACK are applied to any PUCCH transmission by using common PUCCH resource
· The same repetition factor is applied for PUCCH for Msg4 HARQ-ACK and subsequent PUCCH transmissions by using common PUCCH resource
· Note: It is not precluded for gNB to provide dedicated PUCCH config via Msg4 PDSCH.
Working assumption
For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, except for aspects related to UE capabilities and assistance information (if needed).
· i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE capability(ies) signaling.
· FFS: which UE capability(ies) signaling is(are) used
· FFS: whether/how to use UE assistance information, if supported
Agreement
For NTN-specific PUSCH DMRS bundling, one or more of the following is down-selected for actual TDW determination.
· Actual TDW is determined by the existing events and,
· Alt A: No additional event
· i.e., no spec impact is assumed for actual TDW determination.
· Alt B: New event of TA pre-compensation timing dynamically indicated by gNB
· i.e., TA pre-compensation timing can be dynamically indicated by gNB
· Note: UE can perform TA pre-compensation update at the indicated timing
· FFS: detailed indication
· Alt C: as dynamically indicated by gNB
· i.e., actual TDW can be dynamically indicated by gNB
· FFS: detailed indication
· Alt D: New event based on epoch time
· FFS details
· Alt E: New event based on antenna switching

Agreement
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report (in addition to FG 44-2), one or more of the following is down-selected.
· Option 1a: No new capability except for FG44-2
· Note: FG 30-4 is reported [in consideration of pre-compensation to keep phase rotation due to timing drift within the phase difference limit and without taking TA pre-compensation update into account]
· Option 1b: Max TDW size when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking TA pre-compensation update into account
· Note: FG 30-4 is not reported for NTN band
· Option 1c: Support of antenna switching with DMRS bundling in NTN
· Option 1d: Max TDW size per NTN platform (e.g., LEO, MEO, GEO) with taking TA pre-compensation update into account
· FFS details
· Option 1e: Max TDW size per elevation angle with taking TA pre-compensation update into account
· Option 1f: Whether to support actual TDW across pre-compensation segments
· Segments defined in R17 IoT-NTN is baseline, FFS details
· Option 1g: Whether to support TA pre-compensation update within an actual TDW that does not violate the phase difference limit
· As UE assistance information (i.e., report by signaling other than UE capability report (FFS details)), one or more of the following is down-selected.
· Option 2a: No assistance information
· Option 2b: Max TDW size based on reporting timing
· FFS which timing is referred
· Option 2c: TA adjustment timing
· Option 2d: Antenna switching interval

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, 
· Support Alt 1-1d for dynamic indication of repetition factor:
· Alt 1-1d: DAI field
· DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is used for indication.






[bookmark: OLE_LINK73][bookmark: OLE_LINK74]This paper focuses on the implementation of PUCCH repetition for Msg4 HARQ-ACK and the TDW size of DMRS bundling. We expressed our views on the above problems and proposed corresponding solutions as alternatives.
Discussion 
NTN-specific PUSCH DMRS bundling
Impact of timing drift in NTN
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In terms of NTN specific scenarios, according to the parameters of NTN scenarios from TR38.821[2], as shown Table 1, maximum Doppler is 21ppm. When 2GHz is applied, the maximum Doppler shift is 42KHz, and maximum Doppler shift variation is 260Hz/s, the duration of 100ms can cause maximum Doppler shift of 26Hz, which is much lower than the phase continuity requirement specified as Table 6.4.2.5-1 in TS38.101-1[3](± 0.1 PPM, 200Hz). For LEO-1200, timing error upper limit specified in[4] for satellite is 29Ts ≈ 0.944 us, the normal CP is 4.68us at 15kHz SCS. The maximum delay drift is shown with 2ms, 4ms, 8ms, 16ms, 32ms as highlight “blue text” for available TDW in Table 2. 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. 
Observation 1: To meet phase continuity requirement, the tolerance of system performance to timing drift is far less than frequency shift. 

[bookmark: _Ref118107598]Table 1: Parameters of NTN reference scenarios in 2GHz S-band
	Platforms
	Altitude(km)
	Center Frequency
	Max Doppler shift variation(ppm/s)
	Max Doppler shift variation(Hz/s)
	Max Doppler (ppm)
	Max Doppler(KHz)

	LEO
	1200
	2GHz 
	0.13
	260
	21
	42



According to the analysis above, frequency shift caused by Doppler shift has almost no effect on synchronization, and timing shift can cause performance degradation significantly, so timing adjustment is very necessary, but it will cause phase discontinuity, Therefore, the gNB should indicate the period for TA adjust.
[bookmark: _Ref118364630]Table 2: maximum delay drift for NR NTN
	DMRS bundling TDW
	2ms
	4ms
	8ms
	16ms
	32ms

	Max Two-way Delay drift 
	0.1us
	0.2us
	0.4us
	0.8us
	1.6us



If UE wants to keep power consistency and phase continuity cross PUCCH or PUSCH repetitions, the following conditions should be met within a repetition bundling
a) Modulation order does not change.
b) RB allocation in terms of length and frequency position should not be changed, and intra-slot and inter-slot frequency hopping is not enabled within a repetition bundle.
c) No change on transmission power level of its own CC, i.e., no change on the power control parameters specified in TS 38.213.
d) No updating on TA and frequency pre-compensation.
e) UEs can’t do antenna switching

For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, UE shall not perform TA pre-compensation update within an actual TDW. The Time Domain Window (TDW) size may be consistent with segment duration on time-frequency pre-compensation, and the relationship of TDW and TA updating is shown as Figure 1.



[bookmark: _Ref134870039]Figure 1 The relationship of TDW and TA updating

Proposal 1: The Time Domain Window(TDW) size should be consistent with segment duration on time-frequency pre-compensation.
Satellite delay and Doppler shift during TDW may lead to Phase discontinuity Δφ at subframe boundary. The phase discontinuity value is the product of the maximum satellite drift 0.0705us/ ms (or 70.5 us/s) at lowest elevation angle and resource bandwidth Δf as shown in Table 3. 

[bookmark: _Ref131432185][bookmark: _Ref134867513]Table 3: The phase discontinuity caused by timing drift rate with 70.5us/s
	BW
	phase error(degree)

	Δf(kHz)
	Δφ(1 ms)
	Δφ(8 ms)
	Δφ(16 ms)
	Δφ(32 ms)

	180
	2.43
	19.44
	38.88
	77.76

	360
	4.86
	38.88
	77.76
	155.52

	1080
	14.58
	116.64
	233.28
	466.56

	2160
	29.16
	233.28
	466.56
	933.12



[bookmark: _Hlk115115608]As discussed in above paragraphs, TA pre-compensation can be conducted for each TDW, which can control the phase rotation within one pre-defined range. Furthermore, actually UE can determine the drift over the service link from its GNSS location and ephemeris; and further determine the 2-way delay drift between the satellite and the reference point for UL-DL timing alignment from the common TA parameters. Hence the phase discontinuity is predictable. Based on this assumption, UE can freely compensate phase errors to maintain the phase continuity. As the consequence, the UE can determine and pre-compensate the phase discontinuity before UL transmission. 
The events for actual TDW
At the RAN1#113 meeting, an agreement was reached regarding actual TDW, However, the details regarding actual TDW are not yet finalized. We have conducted the following analysis regarding this matter:
	Agreement
For NTN-specific PUSCH DMRS bundling, one or more of the following is down-selected for actual TDW determination.
· Actual TDW is determined by the existing events and,
· Alt A: No additional event
· i.e., no spec impact is assumed for actual TDW determination.
· [bookmark: OLE_LINK62][bookmark: OLE_LINK63]Alt B: New event of TA pre-compensation timing dynamically indicated by gNB
· i.e., TA pre-compensation timing can be dynamically indicated by gNB
· Note: UE can perform TA pre-compensation update at the indicated timing
· FFS: detailed indication
· Alt C: as dynamically indicated by gNB
· i.e., actual TDW can be dynamically indicated by gNB
· FFS: detailed indication
· Alt D: New event based on epoch time
· FFS details
· Alt E: New event based on antenna switching




[bookmark: OLE_LINK16][bookmark: OLE_LINK17]In the existing specifications, after gNB configuring the nominal TDW,UE determine actual TDW based on various events that disrupt power consistency and phase continuity as defined in TS 38.214 &6.1.7.In NTN scenarios, Apart from the events defined in TS38.214 6.1.7, iming adjustment updates and antenna switching are also additional factor that affects the determination of actual TDW. However, if the impact of timing adjustment updates on phase continuity is taken into account when defining the maximum duration of NTN-specific TDW, it would only consider new event of antenna switching.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Regarding the analysis we conducted earlier on the impact of timing drift, even for LEO with earth-fixed cells, the max TDW varies slowly due to varying timing drift. Hence, dynamic indication of actual TDW is not necessary. Existing RRC (re)configuration of nominal TDW will work fine.
TDW length is in the order of ms while epoch time update only occurs when UE reacquires SIB19 which happens in the order of seconds. The TA update due to new epoch time can wait until the end of the nominal TDW. It seems that the issue of Alt-D should be categorized under TA pre-compensation timing problem and be merged with Alt-B.
Based on above analysis, we prefer Alt-B and Alt-E.
Proposal 2: New event of TA pre-compensation timing and antenna switching should be considered.

UE capability and assistance information
At the RAN1#113 meeting, a working assumption was reached regarding the nominal TDW.
For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, except for aspects related to UE capabilities and assistance information (if needed).
· i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE capability(ies) signaling.
· FFS: which UE capability(ies) signaling is(are) used
· FFS: whether/how to use UE assistance information, if supported

	Agreement
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report (in addition to FG 44-2), one or more of the following is down-selected.
· Option 1a: No new capability except for FG44-2
· Note: FG 30-4 is reported [in consideration of pre-compensation to keep phase rotation due to timing drift within the phase difference limit and without taking TA pre-compensation update into account]
· Option 1b: Max TDW size when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking TA pre-compensation update into account
· Note: FG 30-4 is not reported for NTN band
· Option 1c: Support of antenna switching with DMRS bundling in NTN
· Option 1d: Max TDW size per NTN platform (e.g., LEO, MEO, GEO) with taking TA pre-compensation update into account
· FFS details
· Option 1e: Max TDW size per elevation angle with taking TA pre-compensation update into account
· Option 1f: Whether to support actual TDW across pre-compensation segments
· Segments defined in R17 IoT-NTN is baseline, FFS details
· Option 1g: Whether to support TA pre-compensation update within an actual TDW that does not violate the phase difference limit
· As UE assistance information (i.e., report by signaling other than UE capability report (FFS details)), one or more of the following is down-selected.
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13]Option 2a: No assistance information
· Option 2b: Max TDW size based on reporting timing
· FFS which timing is referred
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Option 2c: TA adjustment timing
· Option 2d: Antenna switching interval



About UE capability
Currently, introducing the new FG 44-2 for NTN coverage enhancement has been agreed.
	44. NR_NTN_enh-Core
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]



The existing specifications defined the UE capability parameter of maxDurationDMRS-Bundling-r17, which indicates whether a UE supports the maximum duration in which it can maintain power consistency and phase continuity to enable DM-RS bundling for PUSCH/PUCCH. However, the defined " maxDurationDMRS-Bundling-r17" in the current specifications is based on the capabilities specified for UEs in terms of device performance, and it is defined based on NR bands, not specifically for NTN bands.
Opt.1a: If the FG30-4 is used in the NTN scenario, which does not consider the impact of satellite platform movement and timing update adjustments, then it becomes necessary to take TA pre-compensation update into account as events when determining the Actual TDW. On the network side, when configuring the Nominal TDW, the impact of timing drift caused by satellite platform movement should also be taken into account.
Opt.1b: If the NTN-specific maximum TDW is defined, when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking TA pre-compensation update into account. The UE capability is not only related to the performance of the device, but also the satellite orbit moving. In the design of max TDW, it is considered that the phase continuity can be maximized without taking TA pre-compensation update into account in TDW.  
Opt.1c: Antenna switching can bring a small amount of spatial diversity gain, and it is recommended to support the function of antenna switching for PUSCH in NTN scenarios where the satellite link gain is limited. We prefer Opt.1c.
Opt.1d: In NTN scenarios, the configured TDW for which the UE can maintain phase continuity is not only related to the device accuracy of UE, but also to the timing drift caused by the satellite's own motion, which is related to the orbital altitude and the UE position. But max TDW size per NTN platform doesn’t belong to UE capabilities, these factors can be considered by gNB when configuring the nominal TDW. These factors include different NTN platform, such as GEO, LEO and MEO. 
Opt.1e：Although the timing drift is related to the orbit altitude and UE position, and obtaining UE position information can get a more accurate timing drift rate, howerver, the signaling process is too complicated and meanwhile reduces the response speed of the system. max TDW can just respectively take the effect of the maximum drift rate of LEO/MEO/GEO into account.
Opt.1f and Opt.1g：We think they are the same issue, TA pre-compensation update will cause phase discontinuity, actual TDW don't cross TA pre-compensation update based on pre-compensation segmentation, UE can do time-frequency pre-compensation, so pre-compensation segmentation already includes TA pre-compensation update.
Based on the above analysis, we prefer Opt.1b and Opt.1c.
Proposal 3: Max TDW size is configured with the condition that pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and TA pre-compensation update is not taken into account.
Proposal 4: Support of antenna switching with DMRS bundling at UE capability report. 

About the UE auxiliary information
Opt.2b： Regarding the UE assistance information, we also think that the max TDW size varies with elevation angle and can be estimated based on the satellite beam by gNB, the TDW size-related information report is not needed.
Opt.2c：Regarding TA adjust timing, it should be controlled by gNB and updated at a specified point in time, which can be instructed by gNB as to the starting point of TA adjustment and the TA adjustment interval, without reporting to gNB.
Opt.2d: At present, NR supports SRS antenna switching, i.e., UEs send SRS with different antennas at different times in accordance with predefined rules so that the gNB can obtain complete signals, so that the antenna switching interval does not need to be reported.
So we choose Option 2a: No assistance information
Proposal 5: No assistance information other than UE capability report is needed.

PUCCH repetition for Msg4 HARQ-ACK
At the last meeting, some conclusion had been reached on the PUCCH repetition, but some working assumption should be confirmed:
	Working assumption from RAN1#112 meeting
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


As commented by other companies, in NTN scenario, RSRP threshold shows small difference compared between cell center and cell edge. Moreover, RSRP threshold and sensitivity are highly depending on UE receiver and weather condition. As a result, in realistic situation, it is difficult to set one suitable threshold to help UE to initiate the repetition request. 
Hence, we don’t think one RSRP threshold is needed for PUCCH repetition usage. 
Proposal 6: RSRP threshold is not needed for PUCCH repetition usage.

	Working assumption from RAN1#113 meeting
For PUCCH repetition for Msg4 HARQ-ACK, 
· Two-state information is transmitted as ‘repetition request or capability report’ in the existing agreements/working assumptions.
· The two-state information represents state 1: ‘repetition request or capability report’ or state 2: no indication.
· How to transmit the two-state information is up to RAN2 when higher layer signaling is used for the transmission.
· In state 1, only either repetition request or capability report is transmitted from each UE when transmitted, and they are not differentiated in the signaling.
· Note: repetition request and capability report are defined as in the working assumption reached at RAN1#112.



Since only 1bit high-level signaling is used to identify repeat requests or capability reports, the two-state information represents state 1: ‘repetition request or capability report’ or state 2: no indication. Moreover, It was agreed that repeat requests and capability reports are equivalent function, So we do not think it is necessary to define two states, only one is sufficient. We propose to revise the working assumption of the two-state information represents state 1: ‘repetition request ’, and state 2: ‘no indication’.

Proposal 7: For PUCCH repetition for Msg4 HARQ-ACK, revise the working assumption of the two-state information: state 1 represents ‘repetition request ’，and state 2 represents ‘no repetition indication’.

1 Conclusion
In view of the problems of coverage enhancement left over in the last meeting, we have the following suggestions:
For DMRS bundling, 
Proposal 1: The Time Domain Window(TDW) size should be consistent with segment duration on time-frequency pre-compensation.
Proposal 2: New event of TA pre-compensation timing and antenna switching should be considered.
Proposal 3: Max TDW size is configured with the condition that pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and TA pre-compensation update is not taken into account.
Proposal 4: Support of antenna switching with DMRS bundling at UE capability report. 
Proposal 5: No assistance information other than UE capability report is needed. 

[bookmark: _GoBack]For PUCCH repetition for Msg4 HARQ-ACK，
Proposal 6: RSRP threshold is not needed for PUCCH repetition usage.
Proposal 7: For PUCCH repetition for Msg4 HARQ-ACK, revise the working assumption of the two-state information: state 1 represents ‘repetition request ’，and state 2 represents ‘no repetition indication’. 

Meanwhile some observations are listed as follows:
Observation 1: To meet phase continuity requirement, the tolerance of system performance to timing drift is far less than frequency shift. 
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3 Appendix-1 (Copy from TS38.101-1)
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.




4 Appendix-2 (Copy from TS38.213)

Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset 
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	
	{0, 3, 6, 9}
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