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1	Introduction 
The effort to specify NR requirements for non-terrestrial networks continues in Rel-18, with the following objective specifically dedicated to the applicability of the coverage enhancement feature [1]:

	The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). 

The following sentence will be revisited in RAN#99 as part of the DL enhancements discussion:
“The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.” No work on this topic will take place in RAN WGs before the discussion on DL enhancements in RAN#99.

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 polarisation 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 specify if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) [RAN1]



RAN1 had been discussing how this feature might impact the physical layer design of NTN and reached a working assumpition, which has been shared with RAN4 in an LS for this meeting [2]:

	RAN1 has discussed timing error limit (Table 7.1C.2-1 in 38.133), frequency error limit (Section 6.4.1 in 38.101-5), and phase difference limit (Table 6.4.2.5-1 in 38.101-1) for DMRS bundling in NTN case and agreed the following observations and working assumption.
	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






This information has also been related to RAN4 via LS in [2].

Additionally, RAN #101 has tasked RAN4 with the following [3]:

	RAN tasks RAN4 to discuss and conclude in Oct meeting on
· The condition for testing the frequency error requirements to verify NGSO UE pre-compensation functionality for Doppler shift, which will be implemented in the RAN5 NTN specifications.
· The condition for RRM uplink timing test cases to verify NGSO UE delay pre-compensation functionality, which can be implemented in RAN5 NTN specifications.



During the RAN4 #108bis meeting, the following agreements were reached [4]:

	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. However, as being mentioned by several companies, dynamic channel conditions (variable Doppler, variable Delay) may be necessary to define requirements for PUSCH DMRS bundling for NR NTN coverage enhancement. After more discussions, companies proposed to consider zero Doppler shift and constant delay for defining requirements for the PUSCH DMRS bundling feature for NR NTN coverage enhancement.

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.



Based on the RAN1 and RAN4 discussion thus far, this contribution provides the anlaysis and proposal on how to capture the NTN DMRS bundling in the specification.  Apple’s previous contribution on this topic is [5], for reference.
2	Discussion
For terrestrial networks, the UE RF requirements on DMRS bundling are captured in Clause 6.4.2.5 of TS38.101-1.  Taking these conditions as the starting point, and applying the agreement from the RAN4 #108bis WF [4], we note that the requirement on phase continuity for NTN DMRS bundling shall be verified under zero Dopppler and constant delay conditions.

[bookmark: _Toc149746917][bookmark: _Toc149746973][bookmark: _Toc149746981][bookmark: _Toc149768277][bookmark: _Toc149768876]Observation 1:	RAN4 agreed to verify the phase continuity requirement for NTN DMRS bundling under zero Doppler and constant delay conditions.

In an effort to mirror the formulation of the same side condition for the Rel-17 baseline NTN UE RF requirements, we propose the following wording.

[bookmark: _Toc149746914][bookmark: _Toc149746970][bookmark: _Toc149746978][bookmark: _Toc149768274][bookmark: _Toc149768873]Proposal 1:	The requirement on phase continuity for NTN DMRS bundling is verified under zero Doppler and constant delay test conditions. The delay condition is a constant and derived from the ephemeris information (SIB-19) and UE location associated with the Doppler value under test. 

In general, regardless of the structure of RAN4 requirements and the associated verification in RAN5, the NTN UE is required to perform Doppler and delay pre-compensation in order to adapt to the GSO and NGSO condition in real field operation.  These conditions can vary in time, and the UE is expected to adapt the compensation algorithm accordingly.  Thus, generally, some limit on the maximum DMRS bundling length is needed in light of variable Doppler conditions.

[bookmark: _Toc149746918][bookmark: _Toc149746974][bookmark: _Toc149746982][bookmark: _Toc149768278][bookmark: _Toc149768877]Observation 2:	Generally, some limit on the maximum DMRS bundling length is needed in light of variable Doppler conditions.  This limit can apply to the UE supporting NGSO operation.

As outlined in the analysis of Doppler and delay conditions [5] (the analysis refers to TR 38.811 [6]), the parameter of interest for the purpose of determining limitations on the DMRS bundling window length is the max Doppler shift variation in NGSO deployments.  According to TR 38.811 this parameter is 0.272 ppm/sec.  Table 1 below provides a simple calculation of the maximum possible phase rotation per slot anticipated with this assumption.

Table 1: Maximum phase rotation per slot for NGSO deployments
	f (MHz)
	∆f_d (ppm/sec)
	∆f_d per slot (Hz)
	Phase rotation per slot (deg)

	2000
	0.272
	5.44
	3.12

	1980
	0.272
	5.39
	3.09

	1626.5
	0.272
	4.42
	2.53

	1610
	0.272
	4.38
	2.51



Table 2 below extends the calculations to N consecutive slots.

Table 2: Cumulative phase rotation over N slots for NGSO deployments

	f (MHz)
	Num slots
	∆f_d over N slots (Hz)
	Phase rotation over N slots (deg)

	2000
	4
	21.76
	12.47

	2000
	8
	43.52
	24.94

	2000
	16
	87.04
	49.87

	2000
	32
	174.08
	99.74

	1980
	4
	21.54
	12.34

	1980
	8
	43.08
	24.69

	1980
	16
	86.17
	49.37

	1980
	32
	172.34
	98.74

	1626.5
	4
	17.70
	10.14

	1626.5
	8
	35.39
	20.28

	1626.5
	16
	70.79
	40.56

	1626.5
	32
	141.57
	81.11

	1610
	4
	17.52
	10.04

	1610
	8
	35.03
	20.07

	1610
	16
	70.07
	40.15

	1610
	32
	140.13
	80.29



Referring to the requirements on the maximum allowed phase difference for DMRS bundling configurations, there are two components we need to consider:  the phase difference between consecutive slots (identified by NOTE 2 to Table 6.4.2.5-1 of TS 38.101-1) and the phase difference between all slots in the bundling window (identified by NOTE 3 to Table 6.4.2.5-1 of TS 38.101-1).

[bookmark: _Toc149746919][bookmark: _Toc149746975][bookmark: _Toc149746983][bookmark: _Toc149768279][bookmark: _Toc149768878]Observation 3:	Phase rotation due to Doppler shift variation over a DMRS bundling window length of 8 slots consumes nearly the entire phase error budget of the requirement on max allowed phase difference.

Our analysis indicates that the NTN UE’s ability to meet phase consistency requirements depends not only on the UE Tx design but also on the NTN deployment condition (GSO vs NGSO).  Furthermore, different UE implementations can signal different values for the maximum DMRS bundling window length, in accordance with their Tx implementation.  It is also reasonable to exclude DMRS bundling window lengths > [4] slots from the scope of this requirement.

[bookmark: _Toc149746915][bookmark: _Toc149746971][bookmark: _Toc149746979][bookmark: _Toc149768275][bookmark: _Toc149768874]Proposal 2:	It is reasonable to limit the applicability of maximum DMRS bundling window length for NTN NGSO UEs to no more than [4] slots.  For NTN GSO UEs the same maximum DMRS window bundling length can be reused from the terrestrial specification. 

The restriction can be captured in the specification as follows:

Table 3: Proposed maximum allowable phase difference for DMRS bundling in NTN bands
	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 NTN bands as follows: if ntn-ScenarioSupport-r17 is present and indicated as GSO, then this requirement applies for the supported DMRS bundling configurations ≤ [8] slots; if ntn-ScenarioSupport-r17 is present and indicated as NGSO or only the IE field nonTerrestrialNetwork-r17 is present, then this requirement applies for the supported DMRS bundling configurations ≤ [4] slots.
NOTE 3:	This requirement applies for NTN bands as follows: if ntn-ScenarioSupport-r17 is present and indicated as GSO, then this requirement applies for the supported DMRS bundling configurations ≤ [16] slots; if ntn-ScenarioSupport-r17 is present and indicated as NGSO or only the IE field nonTerrestrialNetwork-r17 is present, then this requirement applies for the supported DMRS bundling configurations ≤ [4] slots.



In an effort to clearly capture this restriction on DMRS bundling window length, the restriction shall also be captured in the RAN4 feature list for Rel-18.

[bookmark: _Toc149746916][bookmark: _Toc149746972][bookmark: _Toc149746980][bookmark: _Toc149768276][bookmark: _Toc149768875]Proposal 3:	The Rel-18 feature list shall capture the restriction on DMRS bundling bundling length for NTN bands.

3	Conclusions
This contribution reviews the RAN1 working assumption on DMRS bundling in NTN networks and suggests next steps for RAN4 to make progress on this topic.  The following observations and proposals are made:

Proposal 1:	The requirement on phase continuity for NTN DMRS bundling is verified under zero Doppler and constant delay test conditions. The delay condition is a constant and derived from the ephemeris information (SIB-19) and UE location associated with the Doppler value under test.
Proposal 2:	It is reasonable to limit the applicability of maximum DMRS bundling window length for NTN NGSO UEs to no more than [4] slots.  For NTN GSO UEs the same maximum DMRS window bundling length can be reused from the terrestrial specification.
Proposal 3:	The Rel-18 feature list shall capture the restriction on DMRS bundling bundling length for NTN bands.

Observation 1:	RAN4 agreed to verify the phase continuity requirement for NTN DMRS bundling under zero Doppler and constant delay conditions.
Observation 2:	Generally, some limit on the maximum DMRS bundling length is needed in light of variable Doppler conditions.  This limit can apply to the UE supporting NGSO operation.
Observation 3:	Phase rotation due to Doppler shift variation over a DMRS bundling window length of 8 slots consumes nearly the entire phase error budget of the requirement on max allowed phase difference.
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