[bookmark: OLE_LINK3][bookmark: _Ref133120545]3GPP TSG RAN WG1 #114	R1-2307431
Toulouse, France, Aug 21st – 25th, 2023
Source:	Sharp
Title:	Discussions on Coverage enhancement for NR NTN
Agenda Item:	9.9.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In this contribution, we share our views on coverage enhancement for NR NTN.
Discussions
NTN-specific PUSCH DMRS bundling
Event for actual TDW determination 
Necessity of new event for TA pre-compensation timing
In the last meeting, the following agreement [1] was agreed for event for actual TDW determination.
	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 the legacy specification (38.213 - clause 4.2[2], as shown in below), timing advance is adjusted by TA command via MAC CE indicated by gNB as a well-known way. The other adjustment way is UE autonomous timing adjustment due to change of downlink receiving timing. In other words, the gNB is not aware of when the UE perform UE autonomous timing adjustment. This is similar to the TA pre-compensation for NTN, but it has been introduced since Rel-15. 
	38.213 – 4.2 description [2]
In case of random access response, a timing advance command [11, TS 38.321], , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of  kHz is .  is defined in [4, TS 38.211] and is relative to the SCS of the first uplink transmission from the UE after the reception of the random access response.
In other cases, a timing advance command [11, TS 38.321], , for a TAG indicates adjustment of a current  value, , to the new  value, , by index values of  = 0, 1, 2,..., 63, where for a SCS of  kHz, . 
…
If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing adjustment without timing advance command as described in [10, TS 38.133], the UE changes  accordingly. 



Observation 1: For Rel-15/16/17 TA adjustment, the specifications have been specified the following ways:
· adjustment by TA command indicated by gNB.
· UE autonomous timing adjustment due to change of downlink receiving timing.
Observation 2: The gNB is not aware of when the UE performs UE autonomous timing adjustment.
Although the UE autonomous TA adjustment is introduced since Rel-15, for Rel-17 PUSCH DMRS bundling, specifications are not describing whether/when UE autonomous TA adjustment within the nominal TDW is allowed or prohibited. The specifications specify only requirements of power consistency and phase continuity within an actual TDW. Therefore, for Rel-18 NTN PUSCH DMRS bundling specification, restriction of UE autonomous TA pre-compensation timing does not need to be explicitly specified.
Observation 3: For Rel-17 PUSCH DMRS bundling, specifications are not describing whether/when UE autonomous TA adjustment is allowed or prohibited. The specifications specify only requirements of power consistency and phase continuity within an actual TDW.
Proposal 1: For Rel-18 NTN PUSCH DMRS bundling specification, restriction of UE autonomous TA pre-compensation timing does not need to be explicitly specified.
For Rel-17 PUSCH DMRS bundling, uplink timing adjustment in response to a TA command is specified as an event as described in TS 38.214 clause 6.1.7 [3]. In our understanding, if UE receives a TA command from a gNB within a nominal TDW, the UE determines the timing that the TA command is applied as event which cause power consistency and phase continuity not to be maintained, even if the TA command indicate the TA is not to be changed (i.e. gNB indicates TA command with ). Therefore, a gNB can indicate to a UE the timing to allow for the UE to perform TA pre-compensation update by transmitting existing TA command without new event.
	38.214 – 6.1.7 description [3]
Events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or PUCCH transmissions of PUCCH repetition, within the nominal TDW, are:
…
· Uplink timing adjustment in response to a timing advance command according to clause 4.2 of [6, TS 38.213].
…

	38.213 – 4.2 description [2]
In other cases, a timing advance command [11, TS 38.321], , for a TAG indicates adjustment of a current  value, , to the new  value, , by index values of  = 0, 1, 2,..., 63, where for a SCS of  kHz, . 



Observation 4: For Rel-17 PUSCH DMRS bundling, uplink timing adjustment in response to a TA command is specified as an event.
Observation 5: A gNB can reuse the existing TA command based dynamic event, so as to inform the UE of the boundary across which the gNB does not combine DMRS (i.e. potential TA pre-compensation timing).
Proposal 2: For Rel-18 NTN PUSCH DMRS bundling, additional event for TA pre-compensation timing is not necessary.

New event based on antenna switching
In addition to the event for TA pre-compensation timing, the event for antenna switching has been discussed.
From RAN1 perspective, the specification does not restrict to prohibit antenna switching. According to the contribution [4] (R4-1910745) from Qualcomm, to perform antenna switching, a UE needs to satisfy the requirement for UL MIMO and Power Class 2. In the contribution, they propose to define separate requirement for TxD but it was rejected in RAN4. Therefore, the UE which performs antenna switching is still required to support both PC2 and UL MIMO in Rel-17.
Observation 6: According to the past RAN4 discussion, transparent antenna switching requires a UE to support implementation for Power Class 2 and UL MIMO.
In Rel-18, since there is no discussion to introduce the separate requirement for TxD in RAN4, the implementation for PC2 and UL MIMO is still required to perform antenna switching in NTN DMRS bundling. Therefore, for NTN PUSCH DMRS bundling, antenna switching should not be specified in RAN1 and the new event based on antenna switching is not needed.
Observation 7: RAN4 has not discussed to support the separate requirement for TxD in Rel-18.
Proposal 3: For NTN PUSCH DMRS bundling, antenna switching is not specified in RAN1.
Proposal 4: For NTN PUSCH DMRS bundling, the new event based on antenna switching is not needed.
Capability report and assistance information for nominal TDW determination
In the last RAN1 meeting, the following working assumption and agreements regarding capability report and assistance information for nominal TDW determination were agreed.
	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, 
· 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
· [bookmark: _Hlk140761575]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: Introduce the following new row/FG for Rel. 18 NR NTN enhancements
	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.]
	30-4a/b
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling






Capability report
In the agreement on RAN1#113, the Option 1a/1b/1d/1e regard to capability of max TDW size.
In our understanding, for Option 1a and Option 1b, there is no substantial difference between the option 1a and 1b because the legacy capability (FG 30-4) is specified as per band / per BC. 
For the Option 1a and 1b, UE capability of the max TDW size should be determined based on specific satellite conditions (e.g. specific NTN platform and/or elevation angle), then network allocate nTDW based on the reported capability. Therefore, the network may not allocate nTDW in the case which is higher timing drift rate than that of the reported case. Therefore, to support more NTN cases, a case of higher timing drift rate is preferred to be the condition (e.g. max TDW size for LEO when the elevation angle is 30 degrees). 
On the other hand, DMRS bundling in an NTN band with GSO may not require phase pre-compensation, while DMRS bundling in an NTN band with NGSO requires phase pre-compensation. Therefore, for Option 1a/1b, the UE may report max TDW size based on phase pre-compensation due to high timing drift rate even when using GSO for NTN bands. 
Observation 8: For given NTN band, DMRS bundling with GSO may not require phase pre-compensation, while DMRS bundling with NGSO requires phase pre-compensation. 
Observation 9: For Option 1a/1b, the UE may report max TDW size based on phase pre-compensation due to high timing drift rate even when using GSO for NTN bands.
For Option 1e, the max TDW size may be defined based on specific NTN platform per several elevation angles (e.g. max TDW size for LEO satellite when the elevation angles are 30 deg, 45 deg and 60 deg). Option 1e allows the UE to report a max TDW that is longer when elevation angle is high (when path loss is small) and a max TDW that is shorter when elevation angle is low (when path loss is large). However, in terms of coverage enhancement, longer TDW should be reported when path loss is large. Furthermore, whether or not UEs in the cell/beam perform DMRS bundling via GSO is not based on the elevation angle because the timing drift rate of GEO is always zero, does not depend on elevation angle. Therefore, for DMRS bundling via GSO, the max TDW size per elevation angle are extra capability report.
Observation 10: Option 1e allows the UE to report a max TDW that is longer when elevation angle is high (when path loss is small) and the max TDW that is shorter when elevation angle is low (when path loss is large).
Observation 11: For Option 1e, the max TDW size per elevation angle is extra capability report for DMRS bundling for GSO satellite.
For Option 1d, the max TDW size may be defined based on specific satellite elevation angle per NTN platform (e.g. max TDW size for each of NTN platform (for GEO, MEO and LEO) when the elevation angle is 30 degrees). Option 1d allows the UE to report a max TDW that is longer when satellite altitude is high (when path loss is large) and the max TDW that is shorter when satellite altitude is low (when path loss is low). This brings a benefit to UE.
Observation 12: Option 1d allows the UE to report a max TDW that is longer when satellite altitude is high (when path loss is large) and the max TDW that is shorter when satellite altitude is low (when path loss is low).
Proposal 5: For the NTN specific DMRS bundling, max TDW size per NTN platform (Option 1d) is reported.
Msg4 HARQ-ACK repetition
In the last RAN1 meeting we agreed the following agreements and working assumptions.
	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
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.
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.



The general framework had been agreed by the last meeting.
In the legacy specification, dedicated PUCCH repetition applies only for PUCCH format 1, 3, and 4. Therefore, PUCCH repetition for Msg4 HARQ-ACK should apply for only PUCCH format 1, not for PUCCH format 0.
Proposal 6: PUCCH repetition for Msg4 HARQ-ACK is supported for only PUCCH format 1 (i.e., PUCCH format 0 does not support Msg4 HARQ-ACK transmission with repetition).

Conclusion
In this contribution, we have the following proposals and observations:
Observation 1: For Rel-15/16/17 TA adjustment, the specifications have been specified the following ways:
· adjustment by TA command indicated by gNB.
· UE autonomous timing adjustment due to change of downlink receiving timing.
Observation 2: The gNB is not aware of when the UE performs UE autonomous timing adjustment.
Observation 3: For Rel-17 PUSCH DMRS bundling, specifications are not describing whether/when UE autonomous TA adjustment is allowed or prohibited. The specifications specify only requirements of power consistency and phase continuity within an actual TDW.
Proposal 1: For Rel-18 NTN PUSCH DMRS bundling specification, restriction of UE autonomous TA pre-compensation timing does not need to be explicitly specified.
Observation 4: For Rel-17 PUSCH DMRS bundling, uplink timing adjustment in response to a TA command is specified as an event.
Observation 5: A gNB can reuse the existing TA command based dynamic event, so as to inform the UE of the boundary across which the gNB does not combine DMRS (i.e. potential TA pre-compensation timing).
Proposal 2: For Rel-18 NTN PUSCH DMRS bundling, additional event for TA pre-compensation timing is not necessary.
Observation 6: According to the past RAN4 discussion, transparent antenna switching requires a UE to support implementation for Power Class 2 and UL MIMO.
Observation 7: RAN4 has not discussed to support the separate requirement for TxD in Rel-18.
Proposal 3: For NTN PUSCH DMRS bundling, antenna switching is not specified in RAN1.
Proposal 4: For NTN PUSCH DMRS bundling, the new event based on antenna switching is not needed.
Observation 8: For given NTN band, DMRS bundling with GSO may not require phase pre-compensation, while DMRS bundling with NGSO requires phase pre-compensation. 
Observation 9: For Option 1a/1b, the UE may report max TDW size based on phase pre-compensation due to high timing drift rate even when using GSO for NTN bands.
Observation 10: Option 1e allows the UE to report a max TDW that is longer when elevation angle is high (when path loss is small) and the max TDW that is shorter when elevation angle is low (when path loss is large).
Observation 11: For Option 1e, the max TDW size per elevation angle is extra capability report for DMRS bundling for GSO satellite.
Observation 12: Option 1d allows the UE to report a max TDW that is longer when satellite altitude is high (when path loss is large) and the max TDW that is shorter when satellite altitude is low (when path loss is low).
Proposal 5: For the NTN specific DMRS bundling, max TDW size per NTN platform (Option 1d) is reported.
Proposal 6: PUCCH repetition for Msg4 HARQ-ACK is supported for only PUCCH format 1 (i.e., PUCCH format 0 does not support Msg4 HARQ-ACK transmission with repetition).
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