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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 this contribution we will discuss our views on enhancements to DMRS bundling and PUCCH for the HARQ-ACK of the Msg4.

[bookmark: _Hlk112946162]PUSCH DMRS Bundling 
In this section, we discuss PUSCH DMRS bundling topic. This section is organized as follows: Sections 2.1.1. and 2.1.2 discuss the aspects of DMRS bundling related to Doppler shift and timing drift, respectively. Finally, Section 2.1.3 discuss the impact of NTN UE TA update on DMRS bundling framework. 

Impact of Doppler shift 
In RAN1#111, the following conclusion regarding Doppler shift effect on DMRS bundling was reached. 
	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.



As can be seen, the conclusion states that the constant frequency error of PPM does not have impact on the phase continuity requirement for two adjacent slot. However, we would like to highlight that due to the nature of the error terms contributing to PPM in NTN compare with that of TN, channel estimation algorithms performance is affected. This issue is elaborated further below.
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 uplink part of the service link, which changes continuously due to satellite movement, UE movement, and inaccuracies in the UE’s perception of actual location (GNSS inaccuracy). 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. 
Proposal 1: RAN1 to discuss which frequency offsets caused by PPM requirements would be acceptable to allow for DMRS bundling for NR over NTN.
[bookmark: _Ref127448332]Impact of Timing Drift 
	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



In this section, the impact of timing drift is analzed from two perspectives. One aspect is the impact of timing drift on the maximum duration wherein DMRS bundling can be performed, while taking the timing error requirement in NTN into account. The second aspect considers the impact of timing drift on the possible phase shift that can occur across DMRS symbols.
Timing Error:
Let us start the with the first aspect below. According to the current 5G NR specifications, for NTN UE, the timing error requirement is captured in Table 7.1C.1-2 of TS 38.133, and copied here for the convenience of presentation. 
Table 1 - Table 7.1C.1-2 of TS 38.133
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N/A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N/A

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



A. Full Timing Budget
For SCS of 15 kHz for both SSB signal and PUSCH, the requirement is . In the Figure 1, below, we show the round trip time/delay drift, including both service and feer links, for LEO-1200. 
[image: ]
[bookmark: _Ref118363114]Figure 1 - Round trip time/delay drift as a function of elevation angle.
It can be observed that the maximum time drift is approximately  at minimum elevation angle of 10 degrees. Given , one can obtain the corresponding maximum DMRS bundling duration as . This result is calculated for two elevation angles, i.e., 10 and 30 degrees, and summarized in the table below. 
Table 2 - DMRS bundling duration for different elevation angles
	Elevation angle
	Maximum supported DMRS bundling in [ms]

	10 
	11.142 (11 slots)

	30
	12.67 (12 slots)


 
Observation 1: Taking the maximum round trip time drift into account, DMRS bundling sizes of 11 slots and 12 slots can be supported for minimum elevations angles of 10 and 30 degrees, respectively. 
B. Partial Timing Budget
It is worth mentioning that from the entire budget of timing error , only a portion of that can be accounted for in the compensation of round trip time drift. In other words, other sources of timing error needs to be taken into account as well. In terrestrial networks, typically, a timing error budget of  is assumed. Thus, a budget of  can be fairly assumed to be used for NTN originated timing errors, which is approximately 60% of timing error budget of . Now, taking this 60% into account, the supported time duration of DMRS bundling is further decreased. The results for two elevation angles of 10 and 30 degress are summarized in the table below. 
Table 3 - DMRS bundling duration for different elevation angles
	Elevation angle
	Maximum supported DMRS bundling in [ms] with  timing error budget

	10 
	6.68 (6 slots)

	30
	7.6 (7 slots)


 
Observation 2: The maximum supported DMRS bundling duration is further reduced when only a fraction of the entire timing error requirement budget is allocated for round trip time drift. 
DMRS Phase Difference: 
[bookmark: _Ref127349786]Table 4 - 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. 



In the following, we consider the second aspect of timing drift, i.e., the phase difference across the DMRS symbols. For this to be done, we consider VoIP PUSCH, with 6 PRBs, around DC component and 15 kHz SCS. Then, the transmit PUSCH bandwidth is 1080 kHz and the resulting phase difference according to the timing drift of  within 1 [ms] is equal to , which corresponds to 16.469 degrees. Clearly, when UE applies DMRS bundling across “” consecutive slot, the phase difference increases as degrees. To meet the requirements specified in Table 4, then, maximum supported value of . Similar analysis can be done for elevation angle of 30 degrees. The corresponding result is  degrees, with the maximum supported value of . 
Observation 3: For elevation angles of 10 and 30 degrees, the phase shift, due to round trip time drift, across DMRS symbols evolves as  degrees and  degrees, respectively. 
From the discussion above, one can observe that the impact of round trip time drift leads to the violation of the requirements for phase difference across DMRS symbols sooner than the requirement of timing error, i.e., . One potential direction to resolve this issue would be that UE pre-compensates the phase shift across DMRS symbols, e.g., in every slot, before violation of timing error, given that UE is aware of the timing drift. This concept is illustrated in Figure 2.  
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[bookmark: _Ref127343208]Figure 2 - Impact of timing drift rate on DMRS phase difference and UE UL timing synchronization.

Observation 4: Impact of round trip time drift leads to the violation of the requirements for phase difference across DMRS symbols sooner than the requirement of timing error. 
Proposal 2: UE shall be expected to pre-compensate the phase shift/difference digitally caused by round trip time drift on a slot basis.

Impact of Timing Advance updates
According to the current specifications, TS 38.214 clause 6.1.7, several events are identified that occurrence of any of them causes power consistency and phase continuity not to be maintained at the UE. One of these events is uplink timing adjustment, see the text from TS 38.214 below: 
	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].



It can be seen that, in the current specification, the uplink timing adjustment “in response to a timing advance command” is considered as an event causes power consistency and phase continuity not to be maintained. However, in NTN, uplink timing adjustment consists of two extra components; the common TA and the UE specific TA. Therefore, updates of any of these components may be considered as leading to an event where power consistency and phase continuity are not maintained. 
Additionally, update of any of the UE specific TA components is not under control of the network. As a consequence of this, in NTN, gNB is not be aware of the instance of time that UE updates its UE specific component. This may lead to a scenario wherein gNB and UE have different understanding of the applicable DMRS bundling nominal/actual time domain window (TDW) duration. To resolve this issue, in the previous RAN1#111 meeting, several options have been discussed, see Proposal 2-2_v6 below. In the following, we further analyze these options. 
	[image: ]



The main rationale behind the proposal 2-2_v6 is to establish a common understanding between the gNB and the UE regarding the nominal/actual TDW durations. This is, in particular, achieved by exchanging an information between gNB and UE, wherein three options are considered in Proposal 2-2_v6.   
In particular, the three options proposed in “Proposal 2-2 v6” can be categorized into two main categories. The main difference between these two categories is discussed below. In the first category, which includes Option 1 and Option 2, UE first performs time/frequency compensation and then the actual/nominal TDW is determined based on the times of the update. In the second category, which includes Option 3, actual/nominal TDW is first determined by the UE, and then UE performs the time/frequency compensation. Furthermore, the main difference between Option 1 and Option 2 is the entity who triggers the exchange of information. While in Option 1 gNB provides the configuration/indication for UE to perform time/frequency compensation, in Option 2 UE first performs or at least determines the times of time/frequency compensation and provides the report to gNB. Each one of the Options menstioned above has its own advantages/disadvantages, where we discuss below. 
1) [UL time synchronization]: Both Option 1 and Option 2 ensure that UE maintains its UL time/frequeny synchronization since time/frequency compensation is performed first. However, this advantage comes at the cost of signaling overhead because of exchanging information between gNB and UE. In Option 3, on the other hand, UE needs to perform time/frequency compensation at certain times, for instance at the boundaries of actual/nominal TDW windows, since here first actual/nominal TDW is determined. In particular, Option 3 has the disadvantage that UE may lose its UL time/frequency synchronization.    
Observation 5: UE may lose its UL time/frequency synchronization considering Option 3 of applying time/frequency compensation update with DMRS budnling.     
2) [UE Capability Multiplicity]: Furthermore, in Option 3, the content of the NEW UE capability is not clear. According to the current specifications, “maxDMRS-BundlingDuration” is a UE capability based on the UE hardware constraints such that UE can maintain phase continuity and power consistency during actual TDW. This capability will be reported once by UE and cannot be dynamically changed. Now, introducing new UE capability report provides extra challenge and burden for network to a) handle both capabilities and b) create confusion on how to differentiate between two UE capabilities and to interpret UE behavior, and c) the change of the conditions that may allow the UE to have shorter or longer TDW is not really tied to a UE capability, but rather associated to external conditions. Further, dynamically changing a UE’s capability may cause issues dealing with a “transition phase” – unless it is treated as an RRC reconfiguration, which is a relatively heavy procedure, which is to be used with care, as it introduces the risk of the UE losing the connection to the network. 
Observation 6: Reporting of two different UE capabilities makes UE behviour prediction at gNB challenging, and creates unnecessary overhead. 
3) [DMRS bundling phase difference constraint]: As we have shown in Section 2.1.2, the impact of timing drift set a constraint on DMRS bundling duration of only 1 slot, if UE does not perform (digitaly) phase pre-compensation. It is worth mentioning that this constraint is valid for all options discussed above, as all the options in Proposal 2-2_v6 try to resolve the ambiguity between gNB and UE from the perspective of TA upates and not the phase difference constraint.  
Now, let us differentiate between two types of UEs, i.e., UE type-1 capable of phase pre-compensation and UE type-2 not being capable of phase pre-compensation. Considering UE type-2 and Option 3, where the content of “new UE capability report” is associated with duration in which UE can maintain phase continuity (1 slot), this leads to an excessive signaling overhead of transmission of “new UE capability report” in every slot, if useful at all. On the other hand, if UE type-1 and Option 3 is considered, since UE pre-compensates the phase difference, there is no need to send “new UE capability report” as the default UE capability reported as “maxDMRS-BundlingDuration” can be assumed now, but here the ambiguity with respect to TA update remains unsolved.  
Furthermore, when UE type-2 is assumed combined with Option 1 or Option 2, the signaling overhead (similar to Option 3) is increased, which may not be an attractive option. However, when UE type-1 is combined with either of Option 1 or Option 2, eventually these methods can successfully resolve the TA update ambiguity between gNB and UE.   
Given all the discussions above, Option 3 of proposal 2-2_v6 may be more challenging to implement. 
Proposal 3: RAN1 to de-prioritize Option 3 of applying time/frequency compensation update with DMRS budnling, and further discuss Option 1 and Option 2.

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.
For this reason, the following agreements were made in RAN1 #110-bis-e for PUCCH of the Msg4 HARQ-ACK:
	Agreement
For PUCCH for Msg4 HARQ-ACK,
· Support PUCCH repetition
· Further discuss the specification impact for at least the following
· Procedure and signaling (e.g., cell-specific configuration, request to gNB and dynamic indication from gNB, UE capability indication before Msg4, etc.)
· Repetition factor
· Repetition slot counting for FDD
· Further study whether to enhance or support the following
· Frequency hopping
· DMRS bundling



	Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4



Discussion continued in RAN1 #111, and the following working assumption was finally agreed for the PUCCH repetition for Msg4 HARQ-ACK:
	Working assumption​
For PUCCH repetition for Msg4 HARQ-ACK,​
· One or more repetition factors may be configured via SIB​
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor​
· FFS: whether UE requests repetition or indicates repetition capability​
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB ​
· FFS: whether UE requests repetition or indicates repetition capability​
· FFS: whether repetition factor is indicated by UE​
· FFS: UE behavior when repetition factor is not configured via SIB​
· FFS: whether one or more UE capabilities are needed for the above is for further discussion​



The working assumption would enable a gNB to configure either one or multiple repetition factors via SIB, and based on that a UE would act accordingly. If only one repetition factor is configured, a UE capable of PUCCH repetition for Msg4 HARQ-ACK would perform a number of repetitions aligned with the repetition factor, whereas if multiple repetition factors are configured, an additional step is necessary, wherein gNB indicates to the UE the specific repetition factor (out of the configured set) to be used. 
In the remainder of this contribution, we discuss details related to the FFS points of the working assumption and the open points of the design.
Indication of PUCCH repetitions from gNB to UE in case multiple factors are configured
In RAN1 #110-bis-e it was agreed that PUCCH repetitions for the Msg4 HARQ-ACK will be supported. Further discussion is however required on the specification impact of introducing PUCCH repetitions in initial access, and in particular the necessary signalling and procedure, the supported repetition factor and whether additional features such as inter-slot frequency hopping or DMRS bundling should be supported.
As discussed in Section 2.2, it was agreed that either one or multiple repetitions factors can be configured via SIB by the gNB, but the procedure for indication of the specific number of repetitions in the case multiple values are configured is yet to be defined.
To dynamically indicate to UE to perform PUCCH repetitions and the number of such repetitions, the gNB would need to have a way to indicate such information prior to the UE having to perform the repetitions of the Msg4 HARQ-ACK. One option in this sense could be that the gNB scrambles part of the bits of the CRC of the DCI 1_0 scheduling the Msg4 and corresponding HARQ feedback. As described in Section 7.3.2 of TS 38.212 (reported below for completeness), only the 16 LSB of the CRC are scrambled with the TC-RNTI, whereas the remaining 8 parity bits of the CRC are transmitted as generated. This means that such parity bits could be scrambled with information on the number of PUCCH repetitions (or whether to perform repetitions), without substantially impacting the DCI and TC-RNTI detection performance.
	Error detection is provided on DCI transmissions through a Cyclic Redundancy Check (CRC). 













The entire payload is used to calculate the CRC parity bits. Denote the bits of the payload by, and the parity bits by, where  is the payload size and  is the number of parity bits. Let  be a bit sequence such that  for  and  for . The parity bits are computed with input bit sequence  and attached according to Clause 5.1 by setting  to 24 bits and using the generator polynomial . The output bit  is


	for 


	for , 

where . 



After attachment, the CRC parity bits are scrambled with the corresponding RNTI  , where  corresponds to the MSB of the RNTI, to form the sequence of bits . The relation between ck and bk is:


		for k = 0, 1, 2, …, 





		for k = , ,,..., .



One example of this mechanism is schematically shown in Figure 1, wherein it is assumed that only two bits are necessary for conveying the number of repetitions to a specific UE, for example in the case the repetition factor set is {1, 2, 4, 8}. In this example, the first two MSB bits of the CRC are scrambled with the information content on the number of PUCCH repetitions, and a UE would be able to retrieve such information via descrambling in the same way as for the TC-RNTI. The number of evaluations of the received DCI would slightly increase, as the UE would evaluate the CRC demasking/descrambling under different hypothesis tests, but that would simply be a matter to see if the syndrome from the polynomial division (that constitutes the CRC algorithm) yields a bit sequence where the lower 16 bits match the expected TC-RNTI, while the two MSB (if so configured) match one of the available options for indication. The remaining (non-configured) bits would naturally need to be having value “0” for the CRC to be evaluated as error-free.
In addition, with this method, no signalling overhead would need to be added to the DCI scheduling the Msg4 and no restriction on the DCI information would be needed, as for example in the case bit repurposing is used for indication of the number of PUCCH repetitions.
Proposal 4: The number of PUCCH repetitions for the HARQ-ACK of the Msg4 is dynamically indicated to a UE via CRC scrambling of the DCI scheduling the Msg4. 
[image: ]
[bookmark: _Ref117860857]Figure . Mechanism for scrambling of the CRC with information on the number of PUCCH repetitions

Indication of UE capability/request for PUCCH repetitions
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 (e.g. Rel-17 UE supporting NR over NTN), there would not only be a performance degradation of the PUCCH channel but also a waste of network resources. For this reason, the working assumption presents an FFS point related to whether UE requests repetition or indicates repetition capability to gNB for the PUCCH of the Msg4 HARQ-ACK.
In our view, a UE should indicate its capability rather than requesting repetitions, considering that UE has very little means at this stage of understanding whether it needs repetitions or not. One way for a UE to be able to request repetitions would be to evaluate the DL RSRP and compare it to a configured threshold, but such an approach would be disregarding the gNB receiver conditions with respect tot he interference situation and hence would be rather suboptimal. Conversely, if a UE indicates its capability, gNB can decide whether to assign repetitions to such UE by investigation of the UE UL channel conditions. 
Proposal 5: UE indicates repetition capability to gNB for the PUCCH of the Msg4 HARQ-ACK.
Three UL opportunities exist in initial access for a UE to convey its capability of the PUCCH repetition feature to gNB, namely PRACH (i.e. Msg1), Msg3 or directly via Msg4 HARQ-ACK PUCCH:
· Indication of PUCCH repetition capability via Msg1 is greatly limiting considering that an indication via Msg1 (i.e. via Random Access preamble) will have the inherent disadvantage that it will incur in (even more) segmentation of the configured preambles, which would lead to increased collision probability within each segment or group. Considering the large preamble fragmentation already existing for the support of other features and the large cell sizes in NTN with corresponding larger number of UEs attemping RACH at the same time compared to terrestrial networks, reporting of PUCCH capability or request via Msg1 is not preferred.
· Indication of PUCCH repetition capability via Msg3 (i.e. connection establishment request) would be limited by the fact that the RRC message carried in the Msg3 will have to be octet aligned so either we would have to add 8 bits and largely impact the coverage capability of the Msg3 or re-purpose a few bits, which would itsef be a great challenge, as all bits are designated for something very specific. In addition, repurposing of Msg3 bits imposes the great challenge that network at this stage of signaling is not aware of the UE’s intention to repurpose bits, so there may be ambiguity for the interpretation of the Msg3 bits if such a method is chosen.
In this case a viable way for indication of PUCCH repetitions capability or request would be to scramble the payload of the Msg3 with specific values of TC-RNTI, different than the one assigned to the UE via Msg2. The configuration or derivation of such values can be further discussed, but with such a mechanism the coverage capability of the Msg3 would not be impacted and no repurposing of the Msg3 bits would be necessary.
· Indication of PUCCH repetition capability via Msg4 HARQ-ACK PUCCH would be possible if the indication is carried by the PUCCH signal characteristics rather than the UCI, considering that the information of whether or not a UE supports the PUCCH repetitions needs to be known at gNB before the demodulation and decoding of the PUCCH. As an example, the PUCCH DMRS pattern could be modified in the case a UE supports PUCCH repetitions, giving an implicit indication to gNB of the support of the feature.

Observation 7: Indication of PUCCH repetition capability via Msg1 generates segmentation of the configured preambles, leading to increased collision probability.
Observation 8: Indication of PUCCH repetition capability via Msg3 payload impacts the coverage capability of the Msg3.
Proposal 6: Further study indication of PUCCH repetition capability via payload scrambling with specific values of TC-RNTI.
Proposal 7: Further study indication of PUCCH repetition capability via Msg4 HARQ-ACK PUCCH signal characteristics, e.g. PUCCH DMRS pattern.
Regardless of how RAN1 will finally design the reporting of PUCCH repetition capability, in our view a UE should report only one capability indicating support for all the repetitions factors in the set of repetition factors that will finally be agreed. This is also in alignment with the capability indication in RRC_CONNECTED mode, for which a UE is not entitled to support only a subset of supported repetition factors.
Proposal 8: For PUCCH repetitions for Msg4 HARQ-ACK, UE indicating repetition capability is assumed to support all repetition factors in the set of available repetition factors.

Additional features for PUCCH repetitions
In RAN1 #110-bis-e, it was also discussed whether inter-slot frequency hopping and DMRS bundling should be supported for PUCCH repetitions of the Msg4 HARQ-ACK. Both features are generically known for improving the channel performance, but whether they are necessary for the Msg4 HARQ-ACK is yet to be understood.
Considering that intra-slot frequency hopping is already supported for the PUCCH of the Msg4 HARQ-ACK, we see no immediate need for additional support of inter-slot frequency hopping for such channel. Except for some very specific scenarios, the NTN channel can generally be considered flat in the frequency domain, and therefore the expected gains from additional frequency hopping would be marginal and would not justify support of such a feature.
Further, as the inter-slot frequency hopping for PUCCH is a UE capability feature (indicated by the parameter interSlotFreqHopPUCCH-r17) the gNB would at this stage of the connection establishment procedure not be aware of the UE capabilities and hence not be knowing whether the UE performing the random acecss procedure supports such feature. 
Proposal 9: Do not support inter-slot frequency hopping for PUCCH repetitions of the Msg4 HARQ-ACK.
The DMRS bundling feature is currently RRC configured and applicable only to UEs in RRC_CONNECTED mode, for improving the reliability of the channel estimation at low SNR range. In addition, support of such feature is not mandatory from a UE point of view, and therefore support of DMRS bundling for the PUCCH of the Msg4 HARQ-ACK would have a large specification impact since it would require additional capability signalling and network configurations in initial access. It is also worth noticing that if a UE is provided a PUCCH resource by pucch-ResourceCommon (i.e. initial access), UE automatically performs frequency hopping in the initial UL BWP, which would not allow a UE to maintain phase and power consistency and perform DMRS bundling across the PUCCH repetitions.
Proposal 10: Do not support DMRS bundling for PUCCH repetitions of the Msg4 HARQ-ACK.
Repetition slot counting for FDD
For the repetition slot counting mechanism for PUCCH repetition for Msg4 HARQ-ACK, the following was concluded in RAN1 #110-bis-e:
	Conclusion
For PUCCH repetition for Msg4 HARQ-ACK,
· The existing mechanism on repetition slot counting (as in section 9.2.6 of TS 38.213) can be applied.
· FFS: whether specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed.



The existing mechanism on repetition slot counting is described in Section 9.2.6 of TS 38.213 as:
	For paired spectrum or supplementary uplink band, the UE determines the slots for a PUCCH transmission as the  consecutive slots starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK reporting, or a slot determined as described in clause 9.2.4 for SR reporting or in clause 5.2.1.4 of [6, TS 38.214] for CSI reporting.


 
The PUCCH repetitions of the Msg4 HARQ-ACK would start from a slot indicated by the field PDSCH-to-HARQ_feedback timing indicator in the scheduling DCI, and would be transmitted in the determined  consecutive slots, wherein  is currently defined as:
	A UE can be indicated to transmit a PUCCH over slots using a PUCCH resource, where
- if the PUCCH resource is indicated by a DCI format and includes PUCCH-nrofSlots,  is provided by PUCCH-nrofSlots
- otherwise, is provided by nrofSlots



It can be noted that  is currently determined based on UE dedicated RRC configuration, so rather than the mechanism on repetition slot counting, RAN1 should focus on the definition of  for the case of PUCCH of the Msg4 HARQ-ACK before RRC configuration. However, we believe that it is now too early for having such discussion in RAN1, which should be postponed to when the feature details are agreed and consolidated.
Observation 9: No specification update to apply the existing mechanism on repetition slot counting to PUCCH repetition for Msg4 HARQ-ACK is needed.
Observation 10:  is currently defined only for UEs with dedicated PUCCH configuration.
Proposal 10: Postpone discussion on definition of  for PUCCH repetition for Msg4 HARQ-ACK to when the feature details are agreed and consolidated.

Conclusion
Based on the above considerations, we made the following observations and proposals:
Observation 1: Taking the maximum round trip time drift into account, DMRS bundling sizes of 11 slots and 12 slots can be supported for minimum elevations angles of 10 and 30 degrees, respectively. 
Observation 2: The maximum supported DMRS bundling duration is further reduced when only a fraction of the entire timing error requirement budget is allocated for round trip time drift. 
Observation 3: For elevation angles of 10 and 30 degrees, the phase shift, due to round trip time drift, across DMRS symbols evolves as  degrees and  degrees, respectively. 
Observation 4: Impact of round trip time drift leads to the violation of the requirements for phase difference across DMRS symbols sooner than the requirement of timing error. 
Observation 5: UE may lose its UL time/frequency synchronization considering Option 3 of applying time/frequency compensation update with DMRS budnling.     
Observation 6: Reporting of two different UE capabilities makes UE behviour prediction at gNB challenging, and creates unnecessary overhead. 
Observation 7: Indication of PUCCH repetition capability via Msg1 generates segmentation of the configured preambles, leading to increased collision probability.
Observation 8: Indication of PUCCH repetition capability via Msg3 payload impacts the coverage capability of the Msg3.

Proposal 1: RAN1 to discuss which frequency offsets caused by PPM requirements would be acceptable to allow for DMRS bundling for NR over NTN.
Proposal 2: UE shall be expected to pre-compensate the phase shift/difference digitally caused by round trip time drift on a slot basis.
Proposal 3: RAN1 to de-prioritize Option 3 of applying time/frequency compensation update with DMRS budnling, and further discuss Option 1 and Option 2.
Proposal 4: The number of PUCCH repetitions for the HARQ-ACK of the Msg4 is dynamically indicated to a UE via CRC scrambling of the DCI scheduling the Msg4. 
Proposal 5: UE indicates repetition capability to gNB for the PUCCH of the Msg4 HARQ-ACK.
Proposal 6: Further study indication of PUCCH repetition capability via payload scrambling with specific values of TC-RNTI.
Proposal 7: Further study indication of PUCCH repetition capability via Msg4 HARQ-ACK PUCCH signal characteristics, e.g. PUCCH DMRS pattern.
Proposal 8: For PUCCH repetitions for Msg4 HARQ-ACK, UE indicating repetition capability is assumed to support all repetition factors in the set of available repetition factors.
Proposal 9: Do not support inter-slot frequency hopping for PUCCH repetitions of the Msg4 HARQ-ACK.
Proposal 10: Do not support DMRS bundling for PUCCH repetitions of the Msg4 HARQ-ACK.
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