3GPP TSG-RAN WG4 Meeting # 109						R4-2320551
Chicago, USA, November 13 –17, 2023											
Source:		Ericsson
Title:			LS on UE capability of PUSCH DMRS bundling for NR NTN
Agenda item:		8.26.5
Document for:		Approval
Introduction
In this contribution, we present our view on the UE capability of PUSCH DMRS bundling TDW.
Discussion
In LS[1], below observations and working assumption is made:
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

In [2], It discusses on the test condition change for DMRS bundling requirement to test the new phase pre-compensation function introduced in RAN1 (as working assumption). The background of the enhancement of the NTN DMRS bundling is that it is difficult for NTN UE to meet the DMRS bundling requirement for NGSO especially when the time drift is high and RB is not allocated within 6 PRB from the DC subcarrier at BS[1].  
It is observed in [2] that to test the new enhancement function of DMRS bundling, one new condition that could be that the RB allocation should be restrict (less than 10 RB from the DC subcarrier) because the phase error could be small resulting from position error predicted at ∆t (e.g ∆t = 20 seconds) after the time t when receiving the ephemeris data from network. The other is to introduce the time drift rate in the DL signal. However, it is agreed below that constant delay and 0 doppler would be set as test condition as agreed in WF[3]:
Proposal 2 for agreement: Requirement to be defined in RAN4 for PUSCH DMRS bundling for NR NTN coverage enhancement in Rel-18 with the assumption of the zero Doppler shift and constant delay.
So it is not possible to introduce the variable delay in test condition in Rel-18.
[bookmark: _Ref149742964]The DMRS bundling enhancement feature for NGSO cannot be tested in Rel-18.
Because it is not testable, it is then a question how to handle this at network. Also from testing perspective, how to handle the legacy device when introducing test later in Rel-19. In current release (Rel-18), UE can report capability for GSO or NGSO or both.  When the UE reports both NGSO capability and DMRS bundling capability:
· At the network, as such function will not be tested, there is a risk of degraded performance when enabling as there is no performance guarantee from testing aspect.
· From testing perspective, a legacy NTN UE supporting both NGSO and DMRS bundling may fail the test in Rel-19 and network face issue of how to handle the deployed UE in network.
From the discussion above, it seems it will be safe for network to enable this feature for NGSO when it will be tested and it will be safe for UE to report this capability when it tested in Rel-19.
[bookmark: _Ref149749410]Exclude the DRMS bundling for NGSO test and include it in Rel-19.
For DMRS bunding for GSO, as the time drift rate and doppler change rate is small compared to NGSO, the test in Rel-18 is suitable for DMRS bundling on GSO.  Therefore, DMRS bundling still can be enabled at network for GSO case. 
From testing perspective, the NTN UE only support NGSO should be excluded to test as the test condition cannot be enabled for such test.
[bookmark: _Ref149749425]The DMRS bundling test for UE only support NGSO should be excluded in Rel-18 test.
However, we cannot exclude the test if NTN UE support both NGSO and GSO as the DMRS bundling capability apply for both GSO and NGSO at the same time in current 38.306. Therefore, we think there is a need to introduce a new UE capability on DMRS bundling TDW to differentiate GSO and NGSO. Alternatively, the current DMRS bundling TDW could be limited to only GSO in this release and new capability for DMRS bundling for NGSO can be introduced in Rel-19 when test condition is updated. On top of that, the DMRS bundling time window may be reported differently because even with phase pre-compensation, the TDW length may be further restricted due the phase pre-compensation limitation on compensate the accumulated phase error.
We slightly prefer a new UE capability in Rel-18 for a forward compatibility but consider this is the last meeting for conclude Rel-18, we are fine also with another option. And we provide the LS text for both options in Annex and RAN4 can discuss which option can be consensus.
[bookmark: _Ref146199407][bookmark: _Hlk146198292]Introduce new UE capability on DMRS bundling TDW for GSO and NGSO or limit the DMRS bundling TDW in Rel-18 only to GSO.
Conclusions
In this contribution, we present our view on RAN1 LS[1] with below observations and proposals:

Observation 1 The DMRS bundling enhancement feature for NGSO cannot be tested in Rel-18.
Proposal-1: Exclude the DRMS bundling for NGSO test and include it in Rel-19.
Proposal-2: The DMRS bundling test for UE only support NGSO should be excluded in Rel-18 test.
Proposal-3: Introduce new UE capability on DMRS bundling TDW for GSO and NGSO or limit the DMRS bundling capability in Rel-18 only to GSO.

References
[bookmark: _Ref115362883]R4-2307006, LS on PUSCH DMRS bundling for NR NTN coverage enhancement
R4-2316282, On PUSCH DMRS bundling for NR NTN coverage enhancement, Ericsson
R4-2317767, WF on DMRS bundling for NTN, THALES


Annex
3GPP TSG-RAN WG4 Meeting # 108						R4-230xyz
Chicago, USA, November 13 –17, 2023

Title:	LS on UE capability to support DMRS bundling for GSO and NGSO 
Response to:	
Release:	Rel-18
Work Item:	NR_NTN_enh-Core
Source:	RAN WG4
To:	RAN WG1/WG2
Cc:	

Contact Person:	
Name:	Chunhui Zhang	
E-mail Address:	Chunhui (dot) Zhang (at) ericsson (dot) com

Attachments:	

1. Overall Description: 
RAN4 discussed the LS (R4-2307006) and conclude that it is not possible to introduce the test in Rel-18 to test the enhancement of DRMS bundling. 

Alternative #1:

RAN4 also agrees to introduce the separate maxDurationDMRS-Bundling for GSO and NGSO at below condition:

· When he field of UE capability nonTerrestrialNetwork-r17 is present and the field  of UE capability ntn-ScenarioSupport-r17 is absent.

Alternative #2:

RAN4 also agrees to introduce the limitation on the maxDurationDRMS bundling capability for GSO and NGSO :
· 
When he field of UE capability nonTerrestrialNetwork-r17 is present and the field of UE capability ntn-ScenarioSupport-r17 is absent, the below capability only support GSO.

	maxDurationDMRS-Bundling-r17
Indicates whether the UE supports the maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH/PUCCH.

NOTE:	DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders for the corresponding physical channels.
	Band
	No
	N/A
	N/A





2. Actions:
To RAN WG1/WG2 group.
ACTION: 	no action needed.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #110		Feb 26 – March 01, 2024					Athens
TSG RAN WG4 Meeting #110bis		April 15 – April 19, 2024					China


