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1. [bookmark: _Ref18181]Introduction
In RAN1#113[1], UL coverage enhancements on PUSCH and PUCCH channels have been discussed to identify whether potential enhancements are needed with corresponding conclusion and agreements.
In this contribution, the potential enhancement solutions for both PUSCH and PUCCH are elaborated. 
2. UL coverage evaluation 
2.1. [bookmark: _Ref8412]PUSCH for VoIP
In NTN, the large timing drift due to satellite mobility may cause phase rotation within PUSCH repetitions. In order to keep phase rotation within phase difference limit for DMRS bundling, phase pre-compensation should be considered during the discussion for DM-RS bundling in NTN. Moreover specifically, in some cases, the TA pre-compensation within PUSCH repetitions can also happen, which could cause phase jump. Therefore, UE capability should be defined with consideration of the impact of phase pre-compensation and TA pre-compensation update. In details, the following agreement has been made for UE capabilities at RAN#113:
	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


As mentioned above, in order to address the impact of phase rotation on the maximum TDW size caused by timing drift, phase pre-compensation should be supported at the UE side. If the influence of phase rotation is not considered, phase difference limit may not be satisfied without a valid maximum TDW size used for DMRS bundling, making it completely impossible to obtain joint channel estimation gain. Based on phase pre-compensation, UE can support available maximum TDW size within phase difference limit for DMRS bundling. Therefore, to obtain a valid TDW size for DMRS bundling, option 1b should be supported to handle the impact of phase rotation caused by high timing drift on maximum TDW size.
Proposal 1: Option 1b as capability report should be supported to handle the impact of phase rotation caused by high timing drift for achieving a valid maximum TDW size by UE.
Besides, since it has been agreed that gNB-centric TDW determination is supported for NTN DMRS bundling, reusing the mechanism of pre-compensation segment in Rel-17 IoT-NTN into NR-NTN would be straightforward to help gNB and UE achieve consensus on when to update TA pre-compensation. In other words, with the configured segment length by gNB, UE and gNB can know when the TA pre-compensation is updated. Moreover, for UE advanced capability of support actual TDW across pre-compensation segments, larger maximum TDW duration would be achieved because phase discontinuity caused by TA pre-compensation update between segments can be maintained within phase difference limit. Therefore, to obtain the best gain in NTN DMRS bundling, this capability of support actual TDW across pre-compensation segments, i.e., Option 1f, should also be supported. 
Proposal 2: To achieve best DMRS bundling performance, Option 1f as capability report should also be supported.
For actual TDW determination, the following agreement has been made at RAN1#113: 
	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


In fact, once segments defined in Rel-17 IoT-NTN is baseline, the actual TDW will be determined based on configured nominal TDW and segment length of pre-compensation. And for UE capability of not support actual TDW across segments, TA pre-compensation update between segments within nominal TDW should be defined as a new event which may cause phase discontinuity and power inconsistency. To enable UE and gNB make the same determination on actual TDW, the new event of TA pre-compensation timing indicated by gNB should be introduced, i.e., Alt B should be adopted. For Alt C, since existing events captured in legacy specification can affect the determination of actual TDW, directly let gNB to indicate actual TDW is not a proper way. For Alt D, the update of epoch time generally results in a TA pre-compensation update and can be covered by Alt B. For Alt E, the antenna switching can be implemented at boundary of actual TDW and no need to additionally be specified as an event. With above consideration, Alt B should be selected.
Proposal 3: For actual TDW determination, the Alt B (i.e., new event of TA pre-compensation timing indicated by gNB) should be introduced.
Observation 1: The Alt-D (i.e., New event based on the update of epoch time) will lead to a TA pre-compensation update eventually and it’s covered by the support of Alt B.
Observation 2: The Alt-E (i.e., New event based on antenna switching) can be implicitly supported by Alt B without additional spec impact.
As shown in above discussion, our preferred solution on DMRS bundling is to support option 1b and 1f for capability report, and Alt B for actual TDW determination. That is, TA pre-compensation update is considered as new event for actual TDW determination depending on UE capability. However, the views in previous meeting are quite contradictory. Some companies prefer not to take TA pre-compensation update as an event to determine actual TDW. And some companies further support to consider antenna switching in TDW determination. To resolve the contradiction between different solutions, a unified solution may be considered to cover the impact of both TA pre-compensation update and antenna switching. Since TA pre-compensation update and antenna switching are up to UE implementation, they can be generalized as UE-determined event which could cause power consistency or phase continuity not to be maintained and considered as new event of actual TDW determination. Moreover, since when such UE-determined event happen is not known by network, the timing of such new event should be reported as assistance information. To implement above unified solution, following proposals for capability report, assistance information report, and actual TDW determination can be considered:
Proposal 4: For capability report, following option can be considered:
· Max TDW size when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without considering UE-determined event which could cause power consistency or phase continuity not to be maintained.
Proposal 5: For assistance information report, following option can be considered:
· Timing of UE-determined event which causes power consistency or phase continuity not to be maintained.
Proposal 6: For actual TDW determination, following option can be considered:
· New event determined by UE which causes power consistency or phase continuity not to be maintained.
2.2. PUCCH for Msg4 HARQ-ACK
2.2.1. Information report from UE
In RAN1 #113[1], the information report from UE was discussed and corresponding working assumption was made but no consensus was achieved. 
	Proposal 1-4_v2
Confirm the working assumption at the RAN1#112 meeting, with the following update.
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.
· New RSRP threshold is introduced.
· Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
· FFS: whether tThe definition of the new RSRP threshold is absolute value with same value range as the RSRP threshold for R17 Msg3 repetition or relative value to the RSRP threshold in R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17)
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report



In our understanding, the RSRP threshold to determine whether to perform repetition is not necessary. Firstly, it should be noted that RSRP variation within an NTN cell is small, which is different from TN. Even in higher layer procedures in NTN, where RRM measurements are available and much more accurate than RSRP measurement in physical layer, time and location-based handover solutions are designed in Rel-17 to replace legacy RSRP based handover solution. Hence, RSRP is not a proper parameter to distinguish UEs within an NTN cell, which could have similar RSRP. Secondly, the RSRP threshold configured by network is for DL RSRP measurement, while the PUCCH repetition is a UL transmission, which are mismatched. UE’s RSRP measurement on DL signal cannot accurately reflect the PUCCH decoding performance at gNB. In legacy TN, since RSRP variation can be very large within a cell, DL RSRP measurement can reflect UL performance to some extent even if there is some inaccuracy caused by mismatch. While in NTN, since the RSRP variation is small, the inaccuracy could have significant impact, i.e., the PUCCH repetition cannot be well controlled by DL RSRP measurement. Moreover, it has already been agreed in previous meeting that dynamic indication of repetition factor by network is supported when multiple repetition factors are configured in SIB, which also indicates that gNB can better determine which repetition factor should be used. Thirdly, SIB configuration of repetition factors can already control whether to perform repetition. If the satellite is in a low orbit and high elevation angle, where link budget is high and no need of PUCCH repetition, network can just not configure the repetition factors in SIB. If the elevation angle is low or satellite orbit is high, network can enable the PUCCH repetition by configuring the repetition factor in the SIB. Since UEs within a cell has similar RSRP, such cell specific control mechanism is already enough. Defining an RSRP threshold is completely redundant, which will make the spec more complicated without benefit. Based on above analysis, RSRP threshold should not be introduced, i.e., the working assumption at RAN1 #113 for RSRP threshold should not be confirmed.
Proposal 7: The working assumption on introducing RSRP threshold should not be confirmed, since defining RSRP threshold to determine whether to perform PUCCH repetition is redundant, which makes the specification more complicated without benefits.
Proposal 8: For PUCCH repetition for Msg4 HARQ-ACK, UE capable of PUCCH repetition reports the capability of PUCCH repetition for Msg4 HARQ-ACK regardless of whether the threshold is configured or not. 
2.2.2. Dynamic indication
In RAN1 #113[1], the dynamic indication of repetition number of PUCCH for Msg4 HARQ-ACK was discussed and following agreement was agreed.
	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


According to the Alt-1-1d for dynamic indication of repetition factor, to enable this feature in DCI, additional criteria or condition should be specified to inform UE whether it is necessary to interpret a specific bit field as a repetition number indication to avoid misunderstandings about the purpose of the specific bit field between the gNB and UE side. For example, the indication via DCI may only occur when multiple repetition numbers are indicated. Meanwhile, additional report of capability or request from UE side should also be part of the premise to let the UE to interpret a specific bit field in the DCI scheduling Msg4 PDSCH. In addition, regarding the number of bits in the DAI field used to indicate the repetition factor, as the DAI field is not used for other cases, limiting the number of bits in the DAI field with the number of repetition factors has no benefit but bring additional spec impact.
Proposal 9: When multiple factors are configured via SIB and the capability indication is sent by a UE, the UE will re-interpret the existing field in the DCI scheduling Msg4 PDSCH as repetition number indication.
Proposal 10: 2 bits in the DAI field in the DCI scheduling Msg4 PDSCH should be specified for the repetition number indication.
2.2.3. Clarification on UE behavior
In RAN1#113[1], UE behavior when no repetition factor is configured via SIB was discussed but fail to make consensus.
	Proposal 1-5-v0(for conclusion)
For PUCCH repetition for Msg4 HARQ-ACK, when no repetition factor is configured via SIB, and if no other parameter related to the PUCCH repetition is configured via SIB, UE follows R15/16/17 specification


In our understanding, for PUCCH repetition for Msg4 HARQ-ACK, only repetition factor and RSRP threshold were discussed. When no repetition factor is configured via SIB, it means the network doesn’t support PUCCH repetition regardless of whether RSRP threshold is configured or not. Therefore, the proposal 1-5-v0 should be updated and confirmed.
Proposal 11: Confirm the conclusion with following changes:
	Proposal 1-5-v0(for conclusion)
For PUCCH repetition for Msg4 HARQ-ACK, when no repetition factor is configured via SIB, and if no other parameter related to the PUCCH repetition is configured via SIB, UE follows R15/16/17 specification


3. Conclusions
According to the analysis given above, we have the following observations and proposals:
Proposal 1: Option 1b as capability report should be supported to handle the impact of phase rotation caused by high timing drift for achieving a valid maximum TDW size by UE.
Proposal 2: To achieve best DMRS bundling performance, Option 1f as capability report should also be supported.
Proposal 3: For actual TDW determination, the Alt B (i.e., new event of TA pre-compensation timing indicated by gNB) should be introduced.
Observation 1: The Alt-D (i.e., New event based on the update of epoch time) will lead to a TA pre-compensation update eventually and it’s covered by the support of Alt B.
Observation 2: The Alt-E (i.e., New event based on antenna switching) can be implicitly supported by Alt B without additional spec impact.
Proposal 4: For capability report, following option can be considered:
· Max TDW size when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without considering UE-determined event which could cause power consistency or phase continuity not to be maintained.
Proposal 5: For assistance information report, following option can be considered:
· Timing of UE-determined event which causes power consistency or phase continuity not to be maintained.
Proposal 6: For actual TDW determination, following option can be considered:
· New event determined by UE which causes power consistency or phase continuity not to be maintained.
Proposal 7: The working assumption on introducing RSRP threshold should not be confirmed, since defining RSRP threshold to determine whether to perform PUCCH repetition is redundant, which makes the specification more complicated without benefits.
Proposal 8: For PUCCH repetition for Msg4 HARQ-ACK, UE capable of PUCCH repetition reports the capability of PUCCH repetition for Msg4 HARQ-ACK regardless of whether the threshold is configured or not. 
Proposal 9: When multiple factors are configured via SIB and the capability indication is sent by a UE, the UE will re-interpret the existing field in the DCI scheduling Msg4 PDSCH as repetition number indication.
Proposal 10: 2 bits in the DAI field in the DCI scheduling Msg4 PDSCH should be specified for the repetition number indication.
[bookmark: _GoBack]Proposal 11: Confirm the conclusion with following changes:
	Proposal 1-5-v0(for conclusion)
For PUCCH repetition for Msg4 HARQ-ACK, when no repetition factor is configured via SIB, and if no other parameter related to the PUCCH repetition is configured via SIB, UE follows R15/16/17 specification
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