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Introduction
This topic is mentioned in Rel-18 NR NTN WID. As discussed/concluded at the previous RAN1#112-bis meeting, we focus on coverage enhancement of PUCCH for Msg4 HARQ-ACK and discussion of DMRS-bundling for PUSCH.
	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 or larger), if the PRB allocation is not within 6 PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5 (us/s) timing drift rate is assumed.
· Note: this does not imply that UE shall be scheduled within 6 PRBs from the DC carrier.

Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4

Agreement
Final LS is endorsed in R1-2304094 with the following revision to the action:
ACTION: RAN1 respectfully asks RAN4 to take the above RAN1 observations and agreement working assumption into account.

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH

Send an LS to RAN2 to ask the feasibility of Option B, and if feasible, to specify the details of Option B.
Comeback for LS – Shohei (Docomo)

Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration.
· Actual TDW is determined based on gNB configuration/indication.
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
· FFS: details, including UE capability and assistance information reporting

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field(s)
· 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

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, apply frequency hopping mechanism in R15/16/17 defined for PUCCH transmission for Msg4 HARQ-ACK, in every slot.



[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
[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 segment time-frequency pre-compensation should be applied at UL repetition transmission.
[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



The segment duration of UL transmission is configured by the network. Duration of UL transmission segment for UE pre-compensation of PUSCH transmission is a number of PUSCH repetition units with one subframe. The network configures one of K candidate values for the UL transmission segment duration of PUSCH in a k-bit field. We propose that maximum 2-bit field with a maximum number of K=4 candidate values 2 ms, 4 ms, 8 ms, 16 ms. The UL transmission segment duration is provided by UE-specific RRC signalling or by signalling in SIB.
Proposal 1: Segment time-frequency pre-compensation should be applied at UL repetition transmission.
Proposal 2: The network configures maximum 2-bit field with K=4 candidate values 2 ms, 4 ms, 8 ms, 16 ms for segment duration indication.

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 should 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 3: 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. 
Proposal 4: The following working assumption is confirmed and UE can do pre-compensation for each TDM and within one TDW to keep phase difference limitation. 
Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4

PUCCH repetition for Msg4 HARQ-ACK
Last meeting one working assumption is agreed to narrow down candidates for repetition request or capability indication. 
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH

However, there is one controversial point that how many bits are allowed in the higher layer signaling message. Based on the email discussion, there are several options: one is using one bit to indicate the repetition request or capability, second is using 1 bit for capability indication and multiple bits for request. And the third option is using joint design for multiple bits indication on capability and request indication.
Before going to specific signaling indication, we need to have comprehensive thinking for the whole solution. There are a few of questions to be answered. 
· What is the difference for capability indication and request indication?
In our view, if only one bit to indicate the PUCCH repetition capability and repetition request, it is meaningless to define two features. For one bit information, gNB only knows the repletion is needed or not, no other information. Technically, no clear difference for these two features. 
Then we suggest to only specify one feature either capability indication or repletion request. 
· If RSRP threshold is really needed?
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. 
· If RAN2 can’t agree to use high layer signaling for PUCCH repetition request or capability indication, what is the default solution? 
[bookmark: _Ref131499495]For PUCCH repetition request or capability indication, there were multiple candidates used to indicate the gNB. Separate PRACH resource would one simple solution. In order to save preamble resource, the preamble resources for Msg3 and Msg4 HARQ-ACK can be combined to indicate the UL repetition request or capability report. According to our simulation evaluation as shown in Table 4, the demodulation threshold of MSG4 HARQ-ACK is significantly lower than that of Msg3. Msg3 repetition indication with a higher demodulation threshold trigger repetition requests or capability reports. When a preamble resource is used to indicate the repetition request or capability report for Msg3, it means that MSG4 HARQ-ACK need to indicate the repetition request or capability report as well. No additional repetition indication for MSG4 HARQ-ACK is required at this time. 
Table 4 Demodulation threshold of Msg4 HARQ-ACK and Msg3
	Rep_num
	Msg3（10-2）
	Msg4 HARQ-ACK（10-2）

	1
	0.4 dB
	-8.9 dB

	2
	-2.4dB
	-12.8dB

	4
	-5.3dB
	-16.1dB

	8
	-8.3dB
	-19.4dB

	16
	-11.3dB
	N/A



Overall, if the RAN2 can’t agree to use the high layer signaling for PUCCH repetition, preamble resource can be used to indicate UL repetition request or capability report as one default solution.

Based on above discussion, we should try to define simple feature to enable PUCCH repetition, rather than to define redundant features and complicate system, which might be useless in real deployment. 

Proposal 5: If one bit is used to signaling indication, PUCCH repetition request or capability report shall be specified with only one option, not both.
Proposal 6: RSRP threshold is not needed for differentiate the PUCCCH repetition request and PUCCH capability report.
Proposal 7: If the RAN2 can’t agree to use the high layer signaling for PUCCH repetition, preamble resource can be used to indicate UL repetition request or capability report as one default solution.

Regarding the gNB indication for PUCCH repetitions, in last meeting it was agreed to support Alt 1-1 for dynamic indication of repetition factor from gNB for PUCCH repetition for Msg4 HARQ-ACK. Further discuss which field(s) to be used as following:
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field(s)
· 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

Herein some analysis is as follows for different options:
· Alt1-1a: MCS is related to the quality of propagating channel, so it may be used to indicate PUCCH repetition for Msg4 HARQ-ACK, similar to Msg3 repetition indication method. Furthermore, MCS for transmission of Msg4 in NTN does not need to be large, due to the relatively bad channel quality and low link budget. Hence, the 3LSB of this field (MCS 0~7) are enough for Msg4 PDSCH scheduling. Consequently, the 2MSB of MCS field 1_0 can be redefined for Msg4 HARQ-ACK repetition indication of 4 repetition factors (1, 2, 4, and 8). The similar approach has been already exploited in NR specifications in DCI format 0_0 for dynamic indication of Msg3 PUSCH repetition indication. Therefore, Alt 1-1a is preferred.
· Alt1-1b: 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 of TS38.213[5] for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of  PRBs. The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset , and a cyclic shift index set for a PUCCH transmission. A 4-bit dynamic signaling notification UE is required. The DCI information field contains 3-bit ARI information to notify the UE of the resource location, and 1 bit from the implicit indication and uses the CCE index for notification. This uses the two levels of information from RMSI+DCI to notify UE of a specific pucch resource. If reusing PUCCH resource indicator field, but Table 9.2.1-1 for PUCCH resource sets before dedicated PUCCH resource configuration should be modified with repetition factor configuration per PUCCH resource. It is not prefered for a lot of specification modification.
· Alt 1-1c: HARQ process number filed.The 4 bit HPN field supports 16 HARQ process in total for the UE. Too many HARQ processes are not needed at initial access stage, so using LSB 2bits in its field for 4 HARQ process number available for DCI 1_0 scrambled with TC-RNTI. Nevertheless using MSB 2bits in its field for indication of Msg4 HARQ-ACK repetition factor. But the random access process is initiated in the RRC reestablishment process and RRC resume request, it is possible of collision with other HARQ process. Therefore, the HPN field is not a better choice that is reused for the indication of Msg4 HARQ ACK repetition factor.
· Alt 1-1d: DAI field, it doesn’t work in the RRSsetuprequest / RRCReestablishmentRequest / RRCResumeRequest, so reusing the DAI field is feasible for supporting the indication of PUCCH repetition number.
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field, if reusing this field, only proposes to reinterpret the 3-bit PDSCH-to-HARQ_feedback timing indicator field. With bits reinterpreted, candidate “K1” values are strictly mapped to each the repetition factor. Hence, the scheduling flexibility would be affected. Thus Alt 1-1e should not be best choice if other alternatives can resolve the issue. 
In summary, we have the following proposal on the supported method for dynamic repetition factor indication of Msg4 HARQ-ACK transmission.
Proposal 8: For PUCCH repetition for Msg4 HARQ-ACK, further discuss and down select from the following alternatives for dynamic indication of repetition factor from gNB:
· Alt 1-1a: MCS field in DCI scheduling the Msg4 PDSCH is preferred.
· Alt 1-1d: DAI field in DCI scheduling the Msg4 PDSCH is candidate.
1 Conclusion
In view of the problems of coverage enhancement left over in the last meeting, we have the following suggestions:
Proposal 1: Segment time-frequency pre-compensation should be applied at UL repetition transmission.
Proposal 2: The network configures maximum 2-bit field with K=4 candidate values 2 ms, 4 ms, 8 ms, 16 ms for segment duration indication. 
Proposal 3: The Time Domain Window(TDW) size should be consistent with segment duration on time-frequency pre-compensation.
Proposal 4: The following working assumption can be confirmed and UE can do pre-compensation for each TDM and within one TDW to keep phase difference limitation. 
Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4

Proposal 5: If one bit is used to signaling indication, PUCCH repetition request or capability report shall be specified with only one option, not both.
Proposal 6: RSRP threshold is not needed for differentiate the PUCCCH repetition request and PUCCH capability report.
Proposal 7: [bookmark: _GoBack]If the RAN2 can’t agree to use the high layer signaling for PUCCH repetition, preamble resource can be used to indicate UL repetition request or capability report as the default solution.
Proposal 8: For PUCCH repetition for Msg4 HARQ-ACK, further discuss and down select from the following alternatives for dynamic indication of repetition factor from gNB:
· Alt 1-1a: MCS field in DCI scheduling the Msg4 PDSCH is preferred.
· Alt 1-1d: DAI field in DCI scheduling the Msg4 PDSCH is candidate.
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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