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1. Background Review
[bookmark: _Hlk100744619]
It has been concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirement from RAN1#110. 
In RAN#97, the NR NTN enhancements WI was updated.
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 polarization 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 study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]


During RAN1#110bis-e, RAN1#111, RAN1#112, some observations, working assumption, conclusions and agreements have been achieved, as summarized below.

1.1 PUCCH enhancement for Msg4 HARQ-ACK.

Agreement [RAN1#110bis-e]
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 [RAN1#110bis-e]
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 [RAN1#110bis-e]
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.

[bookmark: _Hlk117153843]Agreement [RAN1#110bis-e]
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

Working assumption [RAN1#111]
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

Working assumption [RAN1#112]
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

[bookmark: _Hlk128590381]Agreement [RAN1#112]
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 [RAN1#112]
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

Working assumption [RAN1#112bis-e]
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 at RAN1#113 to provide details of “repetition request or capability report”, to ask the feasibility of Option B, and if feasible, to specify the details of Option B.

Agreement [RAN1#112bis-e]
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 [RAN1#112bis-e]
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.

Agreement [RAN1#112bis-e]
For PUCCH repetition for Msg4 HARQ-ACK, candidate values of only one repetition factor configuration via SIB are {2, 4, 8}.
· i.e., configuration of only ‘1’ is not supported.


1.2 DMRS bundling for PUSCH

Agreement [RAN1#110bis-e]
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

Conclusion [RAN1#111]
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#111]
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

Observation [RAN1#112]
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

Observation [RAN1#112bis-e]
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 [RAN1#112bis-e]
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 [RAN1#112bis-e]
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.

Agreement [RAN1#112bis-e]
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



Based on the achievements in previous meetings, we will make further discussions on PUCCH enhancement for Msg4 HARQ-ACK and DMRS bundling for PUSCH for NTN in this contribution,. 

2. Further Discussion

2.1 PUCCH enhancement for Msg4 HARQ-ACK

For PUCCH repetition for Msg4 HARQ-ACK, it has been agreed that supported number of transmissions are 1, 2, 4, 8. One or more repetition factors may be configured via SIB.  When only one repetition factor is configured via SIB, ‘1’ is not supported. We would like to discuss further on a few issues.

2.1.1 Discussion on Procedure
1) When repetition factor is not configured via SIB.
In our view, when repetition factor is not configured via SIB, UE behavior is the same as the legacy specification, i.e., no PUCCH repetition for Msg4 HARQ-ACK is applied for all UEs. 

2) When only one repetition factor is configured via SIB.
UE reports its capability or request.
UE that requires repetition performs repetition with the repetition factor configured in SIB.

3) When multiple repetition factors are configured via SIB
UE reports its capability or request.
gNB dynamically indicates repetition factor via DCI scheduling the Msg4 PDSCH.
UE that requires repetition performs repetition with the repetition factor indicated via DCI.

Proposal 1 : For PUCCH repetition for Msg4 HARQ-ACK, no or one or multiple repetition factors may be configured via SIB.
· When only one repetition factor is configured via SIB and if the value is one of {2, 4, 8},
- UE reports its capability or request.
- UE that requires repetition performs repetition with the repetition factor configured in SIB.
· When multiple factors from {1, 2, 4, 8} are configured via SIB, 
- UE reports its capability or request. 
- gNB dynamically indicate repetition factor via DCI scheduling the Msg4 PDSCH.
- UE that requires repetition performs repetition with the repetition factor indicated via DCI.
· When repetition factor is not configured via SIB,  
- no repetition is applied for all UEs.


2.1.2 Bit width for UE request of repetition factor
The basic idea of UE request of repetition is to allow the UE to participate the decision on the final repetition factor to be applied, so that UE’s measurement and estimation on link budget can be considered in a reasonable way by gNB. 
UE indication on repetition factors should match with SIB configuration, i.e., UE capable of repetition should indicate which one of repetition factors configured via SIB is preferred by the UE. If only one repetition factors are configured via SIB, only 1 bit information is need for the UE indication, eg., 0 for not repetition and 1 for repetition . If multiple repetition factors are configured via SIB, the UE indication need more than 1 bit information. For example, if repetition factors configured via SIB is {1,2,4,8}, then UE indication of repetition factor should be 2 bit, e.g., ‘00’ to indicate incapable of repetition or not necessary of repetition, ‘01’ to indicate UE prefer repetition factor = 2, ‘10’ to indicate UE prefer repetition factor = 4, ‘11’ to indicate repetition factor 8 is preferred. The 2 bit information can be either explicit or implicit. 

Proposal 2: For PUCCH repetition for Msg4 HARQ-ACK, UE request for repetition factor can be 1 bit or 2 bits, according to the number of factors configured via SIB.


2.1.3 DCI fields for dynamic indication of repetition factor

In RAN1#112bis-e, it has been agreed that one or two bits of the existing field(s) in DCI scheduling the Msg4 PDSCH is used for PUCCH repetition for Msg4 HARQ-ACK.

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

In these fields, Alt 1-1a is related to PDSCH, Alt 1-1b, 1c, 1d, 1e are related to PUCCH. Alt 1-1e is not feasible because it may impact the flexibility of the scheduling for HARQ feedback. We would prefer to use Alt 1-1b, Alt 1-1c, Alt1-1d. The repetition factor can be indicated through one of these fields alone or in combination.

Proposal 3: For PUCCH repetition for Msg4 HARQ-ACK, support one  of the Alt 1-1b, Alt 1-1c, Alt 1-1d for dynamic indication of repetition factor from gNB. 


2.2 DMRS bundling for PUSCH 

For NTN PUSCH DMRS bundling, the major challenge so far is that the phase difference between slots may be large, so that the phase difference limit may be easily violated if no pre-compensation is performed.

2.2.1 Maximum allowable phase difference
In section 6.4.2.5 of 38.101-1 (‘Phase continuity requirements for DMRS bundling’), the maximum allowable phase difference for DMRS bundling is specified. Phase difference between slots within a measurement time window (TDW) should not exceed 30 degrees. The detailed requirement is shown as below:

For bands that UE indicates the support of DMRS bundling, the maximum allowable difference between the measured phase value in any slot p-1 and slot p, or slot 0 and any slot p for each antenna connector shall satisfy the requirements as listed in Table 6.4.2.5-1 for the measurement conditions defined in Table 6.4.2.5-2, within a measurement time window limited by the UE capability of maximum duration for DMRS bundling [maxDurationDMRS-Bundling-r17], and defined for each frequency band separately. The phase value for each slot is measured as shown in Annex F.9. These requirements apply to PUCCH and PUSCH transmissions with DFT-s-OFDM and CP-OFDM waveforms.

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.




2.2.2 Phase difference due to timing drift

For LEO-600 and LEO-1200, the trip time between satellite and ground has a drift rate as illustrated in the two figures below respectively. 
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The values of timing drift rate for LEO-600 and LEO-1200 at 30 degree elevation angle are summarize in the table below.

	
	Timing drift rate (ppm)

	
	for single trip between Satellite and Ground
	for a round trip
(4 x single trip)

	LEO-600,
30deg elevation
	19.95 ppm
	79.8 ppm

	LEO-1200,
30deg elevation
	17.62 ppm
	70.5 ppm



At elevation angle of 30deg,  the timing drift rate for a round trip (including feeder link and service link, uplink and downlink) is 79.8 ppm for LEO-600 and 70.5ppm for LEO-1200. 

For LEO-600 and LEO-1200, at the edge of N PRB carrier bandwidth (N/2 from DC carrier), in M slots, the phase difference due to timing error are:
LEO-600:   Δφ = 360 (deg) * 79.8 (us/s) * 1 (ms/slot) * M(slot) * 180 (kHz/PRB) * N (PRB)/2
LEO-1200: Δφ = 360 (deg) * 70.5 (us/s) * 1 (ms/slot) * M(slot) * 180 (kHz/PRB) * N (PRB)/2

For example, if N=25, M=1, the phase difference is 64.6 degree and 57.1 degree for LEO-600 and LEO-1200 respectively, which exceed the phase difference limit specified in Table 6.4.2.5-1 of 38.101-1.

Therefore, we support to perform pre-compensation to keep the phase difference within the allowable limit for DMRS bundling. 

Proposal 4: For NTN-specific PUSCH DMRS bundling, support performing pre-compensation at UE side to satisfy the phase difference limit requirement.


2.2.3 Phase difference due to doppler drift

The figure below illustrated the doppler drift rate (not the doppler frequency itself, but the first-order derivative of doppler frequency) for the service link only, for LEO-600, 2GHz carrier. It can be seen that at 90 degree elevation angle, the frequency has a maximum drift rate, i.e, 580Hz/s. For service link plus feeder link, the maximum doppler drift rate is 1160Hz/s.

[image: ]

If the doppler drift rate is r, then the frequency drift after time t would be:
 , 
The accumulated phase difference after a time duration T would be:
  .  
In other words, for a given phase difference limit , the time duration T would be:
  

According to the phase difference limit specified in Table 6.4.2.5-1 of 38.101-1, = 30 degree. 
For LEO-600, when doppler drift rate r =1160Hz/s, the time duration T is:
   = 0.012 (s) = 12 (ms)

The phase difference due to doppler drift is much mild compared to the phase difference due to timing drift.  But when the TDW for DMRS bundling is more than 12 slots, phase different due to doppler drift is not negligible. We propose to consider this effect also. 

Observation 1:  For LEO-600, 2GHz carrier frequency, the doppler frequency drift rate can be 1160 Hz/s at maximum, and introduce 30 degree phase difference in 12 ms. 

Proposal 5: For NTN-specific PUSCH DMRS bundling, when the TDW for DMRS bundling is more than 12 slots, phase different due to doppler drift is not negligible, also needs pre-compensation.

2.2.4: UE capability report
As illustrated above, timing drift rate has a large dynamic range for NTN, so that the requirement for pre-compensation may be very different at different time. Therefore, UE capability to maintain the maximum duration for DMRS bundling [maxDurationDMRS-Bundling-r17] may change with time. A more dynamic and efficient UE capability report mechanism for maxDurationDMRS-Bundling would be beneficial.

Proposal 6: For NTN-specific PUSCH DMRS bundling, further study a more dynamic and efficient mechanism for UE capability report of  the maximum duration for DMRS bundling, so that the reported value can correctly reflect the changing condition.


3. Conclusions

Observation 1:  For LEO-600, 2GHz carrier frequency, the doppler frequency drift rate can be 1160 Hz/s at maximum, and introduce 30 degree phase difference in 12 ms. 

Proposal 1 : For PUCCH repetition for Msg4 HARQ-ACK, no or one or multiple repetition factors may be configured via SIB.
· When only one repetition factor is configured via SIB and if the value is one of {2, 4, 8},
- UE reports its capability or request.
- UE that requires repetition performs repetition with the repetition factor configured in SIB.
· When multiple factors from {1, 2, 4, 8} are configured via SIB, 
- UE reports its capability or request. 
- gNB dynamically indicate repetition factor via DCI scheduling the Msg4 PDSCH.
- UE that requires repetition performs repetition with the repetition factor indicated via DCI.
· When repetition factor is not configured via SIB,  
- no repetition is applied for all UEs.

Proposal 2: For PUCCH repetition for Msg4 HARQ-ACK, UE request for repetition factor can be 1 bit or 2 bits, according to the number of factors configured via SIB.

Proposal 3: For PUCCH repetition for Msg4 HARQ-ACK, support one  of the Alt 1-1b, Alt 1-1c, Alt 1-1d for dynamic indication of repetition factor from gNB. 
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Proposal 4: For NTN-specific PUSCH DMRS bundling, support performing pre-compensation at UE side to satisfy the phase difference limit requirement.



Proposal 5: For NTN-specific PUSCH DMRS bundling, when the TDW for DMRS bundling is more than 12 slots, phase different due to doppler drift is not negligible, also needs pre-compensation.

Proposal 6: For NTN-specific PUSCH DMRS bundling, further study a more dynamic and efficient mechanism for UE capability report of  the maximum duration for DMRS bundling, so that the reported value can correctly reflect the changing condition.
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