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Recall RAN1 Agreements/Conclusions for DMRS bundling (for coverage enhancement):

Conclusion
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 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
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
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
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
1. 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 NTN-specific PUSCH DMRS bundling,
· As UE capability report,
· UE reports the max TDW size it can support by fulfilling the phase difference limit requirement.
· Note: phase difference limit requirement is assumed to be at gNB receiver from RAN1 perspective.
· Details, e.g., whether FG 30-4 is used without new FG or new FG is introduced, is discussed in UE feature session.
· No consensus on whether to support Option 1d/1e/1f/1g.
 
Agreement

For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined.


Conclusion

For NTN-specific PUSCH DMRS bundling,
· For UE assistance information (i.e., report by signaling other than UE capability report),
· No consensus on whether to support Option 2b/2c/2d





Way Forward:
Moderator Note 1: See received LS from RAN1: R1-2304094, LS on PUSCH DMRS bundling for NR NTN coverage enhancement.
Moderator Note 2: RAN1 respectfully asked RAN4 to take the RAN1 observations and RAN1 agreements into account. RAN1 did not ask a LS Reply from RAN4.

Proposal 1 for agreement: No need for LS Reply to R1-2304094 (LS on PUSCH DMRS bundling for NR NTN coverage enhancement).

Moderator Note 3: According to the most recent discussion on [108bis][332] LS_BSRF_RAN_task (12/10/2023 11h-13h, Xiamen time), UE testing conditions with constant fixed Doppler and constant fixed Delay (corresponding to the ephemeris/orbit information) are currently considered for both GSO and NGSO.

Proposal 2 for agreement: No requirement to be defined in RAN4 for PUSCH DMRS bundling for NR NTN coverage enhancement in Rel-18. RAN4 to wait for the definition of more advanced channel model with variable Doppler and variable Delay.
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Discussion during the meeting:
Issue 4-1: DMRS bundling for GSO and NGSO
· Proposal-1:RAN4 discuss whether the new UE capability on DMRS bundling TDW is needed for non-GEO satellite.  [Ericsson,R4-2316282]
· Proposal-2:RAN4 discuss the recommendation below: [Ericsson,R4-2316282]
· DMRS bundling requirement in TS 38.101-1 applies to NTN UE, both GSO and non-GSO.
· DMRS requirement can be tested for GSO, may not be testable for non-GSO in rel-18.
· Proposal 2:	RAN4 should further discuss the applicability of the DMRS bundling feature to Rel-18 NTN and determine whether additional NTN-specific side conditions are needed. [Apple,R4-2316790]
· Proposal 3:  [Huawei,R4-2316215 ]
· 1) As only FDD bands are supported by NTN handheld UE, it’s proposed to only consider the Phase continuity requirements for NTN UE in FDD bands.
· 2) 25 degrees Phase difference between any slot p-1 and slot p and 30 degrees Phase difference between slot 0 and any slot p could be reused for NTN UE DMRS bundling feature. And some side conditions for TDD bands should be updated.
· 3) New UE capability for NTN UE DMRS bundling feature could be specified, e.g. “maxDurationDMRS-Bundling-NTN-r18”.
· 4) The RF Phase continuity requirements for Pi/2 BPSK modulation are not supported for NTN UE.
· 5) It’s suggested to specify RF Phase continuity requirements for NTN UE as proposed in Annex.
· Recommended for  discussion
·  Companies’ views are encouraged during the meeting.
Ericsson: proposal 3 is aiming at the correction of NTN requirement. Proposal 3 could be CR rather than LS reply. We could discuss them separately. RAN1 LS provides the assumption for phase bundling requirements to fulfil. To test it, there is difficulty. We are also aware of the RAN task about the testing. Without introduction of new channel modelling for Doppler shift, we cannot test phase compensation. This functionality is also related to some of scheduling, i.e., where to put RB, and related to DMRS bundling time. We want to separate our proposal whether to have new UE capability for GSO and NGSO.
Apple: from performance metric point of view, 25 phase difference could be reused. As Ericsson mentioned, for NTN there is Doppler shift and timing delay, UE may do pre-compensation, which could impact the bundling. We propose to look into the possible condition. We propose to finalize the condition for NTN test first.
Huawei: in current spec, all the requirements should be fulfilled with 0 Doppler.
ZTE: As Huawei mentioned, for 0Hz Doppler, the same performance could be observed. For pre-compensation, the performance would be different.
Ericsson: More relevant condition is the delay. The delay variation should be considered. The current RAN task is to discuss the condition with fixed delay and fixed Doppler, which is different from the discussion here. More advanced channel mode is needed. In our understanding, it could not happen in this release. We think it is not testable in this release.

