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Introduction
In RAN#94e a new work item on NR NTN (Non-Terrestrial Networks) enhancements was approved [1]. Among the objectives of the work item, there was a target to specify enhancing features to 17’s NR over NTN operation and, in particular for coverage enhancements, the objective description is as follows:
	4.1.1 Coverage enhancement 
 
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 work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should also take into account any related regulatory 
requirements, e.g., ITU limitation of power flux density. 
 
Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope): 
 
· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4] 
· VoIP and low-data rate services for commercial handset terminals 
 
The following items are shown as examples of areas to consider in the next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above. 
 
· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels 
· NTN-specific techniques for improved diversity and/or reduced polarization loss 
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR 
· NOTE: Intent is not to introduce a new codec. 
 
RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated. 



In RAN #97-e, the same WID has been revised into [6] defining, among others, the refined objectives of the coverage enhancements part as follows:
	The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]



with a further agreement that the normative work would start already from RAN1 #110bis-e. 
Based on the RAN plenary outcome, this contribution focuses on an analysis of the refined objectives and presents observations and proposals for development of the target features.
Discussion
In RAN #97-e, in addition to the refined objectives of the work item, assumptions on UE antenna gains were updated based on RAN4 input as follows:
	[bookmark: _Hlk115245575]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.



In particular, compared to the working assumptions that have been used by RAN1 so far, the UE antenna gain was worsened by -0.5dB, whereas other assumptions were left invariate and aligned to previous RAN1 discussions. For this reason we will avoid further considerations on the link budget for the different channels in this contribution, considering that a variation of 0.5dB would not change our previous observations in [5], and would in general not make any significant difference with respect to the conclusions and agreements made at RAN1#110.
In the remainder of this contribution we will focus an analysis of DMRS bundling considering NTN specifics and will express our views on possible directions for PUCCH enhancements for the HARQ-ACK of the Msg4.

[bookmark: _Hlk112946162]PUSCH DMRS Bundling 
In this section, we will discuss PUSCH DMRS bundling topic. In the previous RAN meeting, the following objective is highlighted for PUSCH coverage enhanacement in NR over NTN.  
	· to study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]



For DMRS bundling, two factors play crucial roles to guarantee the achievement of the expected performance gains. These factors are namely, power consistency and phase continuity. The requirements for phase continuity, i.e., maximum allowable phase difference, for DMRS bundling in FR1 is provided in the Table 1 below, copied from Table 6.4.2.5-1 in TS 38.101.
Table 1: Maximum allowable phase difference for DMRS bundling
	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 FDD and TDD bands, for supported DMRS bundling configurations ≤ 8 slots.
NOTE 3: This requirement applies only for FDD bands, for supported DMRS bundling configurations of 16 slots.



One can observe that the maximum allowable phase difference is only 30 degrees between slot 0 and any slot “p”, wherein DMRS bundling is applied, for FDD bands and supported DMRS bundling configuration of 16 slots. Furthermore, maximum allowable phase difference is even stricter and only 25 degrees between any two consecutive slots, i.e., slot “p-1” and “p”, wherein DMRS bundling is applied, for FDD bands and DMRS bundling configurations less than or equal to 8. 
It is worth noticing that a residual frequency error of 0.1 PPM (as by RAN4 specifications) may not affect the DMRS bundling in terrestrial networks (TN) much since frequency offset mainly originates due to a misaligntment of the transmitter and receiver local ocillators, which may not be very time sensitive and may be more stable over time to allow a gNB to track such misalignments and compensate for them when receiving an uplink channel. In other words, the time-wise coherence between consecutive symbols is expected to be quite high, since such phase differences may be allowed for DMRS bundling. On the other hand, in NTN, the residual frequency offset of 0.1 PPM after UE-precompensation takes into account not only the effect of misalignment between the transmitter and receiver local ocillators but also the residual error from UE estimation and precompensation of doppler shift in the service link, which changes continuously due to both satellite and UE movements. This creates a challenge to the receiver frequency offset estimator, which cannot rely on an averaged estimate of the frequency offset based on multiple observations, especially important in cases of coverage shortage wherein the SNR is very low and the single shot estimates are less reliable. For this reason, in the following analysis we will consider a residual frequency offset of 0.1 PPM for an NTN scenario to understand its implications on DMRS bundling across PUSCH repetitions.
In NR NTN, currently, it is assumed that the residual frequency offset after pre-compensation is 0.1 PPM, deriving from the combined inaccuracies at the UE local oscillator and the UE autonomous time and frequency pre-compensation based on UE position and serving satellite ephemeris information. This maximum frequency offset from 0.1 PPM in FR1 and for a carrier frequency of 2 GHz is translated into 200 Hz. Now, taking 200 Hz, in 1 ms, such frequency offset leads to the phase difference of rad, or 72 degrees across DMRS symbols between neighboring slots. In other words, in every 5 ms the constellation points are rotated by 360 degrees. Taking the above discussion into account, when DMRS bundling is applied across “n” slots, one would expect the expansion of the maximum phase offset by  degrees for SCS 15 kHz and  for SCS 30 kHz. Clearly, this phase discontinuity is larger than the maximum allowable phase difference of 25 degrees for any two consecutive slots, i.e., slot “p-1” and slot “p” wherein DMRS bundling is applied.
Observation 1: In NR NTN, the 0.1 PPM frequency offset leads to phase difference of 72 degress and 36 degress for SCS 15 kHz and 30 kHz between any two consecutive slots, respectively, which is larger than the maximum allowable phase difference in DMRS bundling.
In order to be able to benefit from the potential gain of DMRS bundling for NR over NTN, one direction would be to tighten the requirement of residual frequency offset in NTN. When taking 0.01 PPM as an example, this would cause the phase difference due to the residual frequency offset to become  rad, or 7.2 degrees across DMRS symbols in every 1 ms. As a result, for SCS 15 kHz and 30 kHz the expansion of the maximum phase jumps develop according to  and , respectively. Now, taking the conditions imposed in Table 1 into account, one can observe that DMRS bundling configuration of  and  slots can be considered for SCS 15 kHz and 30 kHz, respectively.
Proposal 1: RAN1 to discuss which frequency offsets would be acceptable to allow for DMRS bundling for NR over NTN.

PUCCH for the HARQ-ACK of the Msg4
In RAN1 #110, the following was concluded regarding the PUCCH for HARQ-ACK of the Msg4:
	Conclusion
RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.



Enhancements for this channel are therefore necessary to meet the NTN coverage requirements. Indeed, compared to the PUCCH in RRC_CONNECTED mode, the PUCCH carrying the HARQ-ACK feedback of the Msg4 does not support repetitions and hence cannot benefit from a repetition combining gain.
Table 9.2.1-1 of TS 38.213, reported below for ease of argumentation, defines 16 baseline PUCCH configurations for transmission of the PUCCH when the RRC configuration has not been established yet, such as for the HARQ-ACK of the Msg4. As also described in the same section, If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format scheduling a PDSCH reception (i.e. Msg4), the UE determines a PUCCH resource with index , , as , where  is a number of CCEs in a CORESET of a PDCCH reception with the DCI format, as described in clause 10.1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the DCI format. In other words, gNB indicates to UE which PUCCH resource to use for the HARQ-ACK feedback for Msg4 via characteristics of the DCI and the PUCCH Resource Indicator (PRI) field in the DCI.
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset 
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	
	{0, 3, 6, 9}



The PUCCH resource is therefore dynamically indicated to the UE by the scheduling DCI 1_0, but none of the resources in the pool currently support PUCCH repetitions.
Observation 2. The PUCCH resource for transmission of the HARQ-ACK feedback for the Msg4 is dynamically indicated by the scheduling DCI 1_0.
Observation 3. The PUCCH resources for transmission of the HARQ-ACK feedback for the Msg4 do not support PUCCH repetitions.
It is well known that repetitions of a signal are able to improve their detection and decoding performance, by increasing the reliability of the observations at the receiver. In RRC connected, each UE is configured with PUCCH resources and a number of PUCCH repetitions per resource (Rel-17), so that by dynamic indication of a PUCCH resource, gNB is also able to indicate to the UE a number of repetitions for the same PUCCH. This mechanism is however not available prior to the RRC configuration establishment, which for example is not available for the HARQ-ACK of the Msg4.
Based on the above observations, we believe that a mechanism for indication of the number of PUCCH repetitions before RRC configuration should be introduced in Rel-18, to enhance the performance of the PUCCH carrying the HARQ-ACK of the Msg4.
Proposal 2. RAN1 to specify mechanisms for indication of the number of PUCCH repetitions for the HARQ-ACK of the Msg4.
However, PUCCH repetitions are subject to UE capability, as specified in [TS 38.306], both for semi-static indication of PUCCH repetitions and dynamic indication. More specifically, reported below in Table 4 is an excerpt of the Table PHY-Parameters in TS 38.306, for the UE capabilities relating to performing PUCCH repetitions. From the Table, both semi-static and dynamic indication of the PUCCH repetitions are up to UE capability. The semi-static indication is a mandatory feature with capability signalling, whereas the dynamic indication is a non mandatory feature that a UE may or may not support. 
Observation 4. UE reports capability for PUCCH repetitions in both cases of semi-static and dynamic indication.
In the case of PUCCH for the HARQ-ACK of the Msg4, the UE has not yet reported its capabilities to the network and therefore gNB has no idea of whether a specific UE supports PUCCH repetitions or not. This means that if a gNB schedules PUCCH repetitions to a UE not supporting the feature, there would not only be a performance degradation of the PUCCH channel but also a waste of network resources. For this reason, we believe that it is necessary to introduce an early indication of the UE capability of supporting PUCCH repetitions to allow the network to optimize its scheduling decisions and system performance.
Proposal 3. RAN1 to investigate options for early indication of the UE capability of supporting PUCCH repetitions.
[bookmark: _Ref114819438]Table 4. UE capabilities for PUCCH repetitions
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	pucch-Repetition-F1-3-4
Indicates whether the UE supports transmission of a PUCCH format 1 or 3 or 4 over multiple slots with the repetition factor 2, 4 or 8. This applies only to non-shared spectrum channel access. For shared spectrum channel access, pucch-Repetition-F1-3-4-r16 applies.
	UE
	Yes
	No
	No

	slotBasedDynamicPUCCH-Rep-r17
Indicates whether the UE supports both slot based dynamic PUCCH repetition and repetition indication for PUCCH formats 0/1/2/3/4.
	UE
	No
	No
	No



Conclusion
Based on the above considerations, we made the following observations and proposals:
Observation 1: In NR NTN, the 0.1 PPM frequency offset leads to phase difference of 72 degress and 36 degress for SCS 15 kHz and 30 kHz between any two consecutive slots, respectively, which is larger than the maximum allowable phase difference in DMRS bundling.
Observation 2. The PUCCH resource for transmission of the HARQ-ACK feedback for the Msg4 is dynamically indicated by the scheduling DCI 1_0.
Observation 3. The PUCCH resources for transmission of the HARQ-ACK feedback for the Msg4 do not support PUCCH repetitions.
Observation 4. UE reports capability for PUCCH repetitions in both cases of semi-static and dynamic indication.
Proposal 1: RAN1 to discuss which frequency offsets would be acceptable to allow for DMRS bundling for NR over NTN.
Proposal 2. RAN1 to specify mechanisms for indication of the number of PUCCH repetitions for the HARQ-ACK of the Msg4.
Proposal 3. RAN1 to investigate options for early indication of the UE capability of supporting PUCCH repetitions.
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