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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 the PUSCH DMRS bundling topic. This section is organized as follows: Section 2.1.1. discuss the aspects of DMRS bundling related to timing drift. Subsequently, Section 2.1.2 elaborate on the impact of NTN UE TA update on DMRS bundling framework. 
[bookmark: _Ref127448332]Impact of Timing Drift  
In the previous meeting, the following observation is recognized. Based on this observation, 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. 
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Timing Error:
For the discussion of the timing error it is essential to discuss the existing requirements. According to the current 5G NR specifications, for a 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. 
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[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  and occurs at the 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 
	12.7316 (12 slots)

	30
	14.4778 (14 slots)


 
Observation 1: Taking the maximum round trip time drift into account, DMRS bundling sizes of 12 slots and 14 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. Similarly, when the initial timing error at the beginning of bundling is not zero, only a portion of that can be taken into account for calculation of maximum supported bundle size. Therefore, the following analysis provides some insight with respect to the impact of initial timing error assumption. 
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 
	7.6390 (7 slots)

	30
	8.6867 (8 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. 
Observation 3: Initial timing error of UE at the beginning of bundling affects the maximum supported DMRS bundle size. However, it is difficult to have an assumption on this initial timing error value, as UE’s timing error may drift to positive or negative , and various sources of error are contributing to the entire timing error budget. 
Proposal 1: Under fractional timing assumption the maximum supported DMRS bundling window size needs to be reduced. 
DMRS Phase Difference: 
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 below, copied from Table 6.4.2.5-1 in TS 38.101.

[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. 



[bookmark: _Hlk131675567]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 14.4132 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 4: 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 two slots, 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 5: 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. 
As one can observe the DMRS phase difference is a function of the location of PRBs, and therefore depends on UE PRB allocation. Furthermore, different UEs may have different implementation constraints that the gNB will not be aware of. Given all the issues mentioned above, it would be challenging, if possible at all, for gNB to perform (digital) post-compensation. This, combined with the fact that the UL signal from the UE is under coverage challenges, would make it difficult or even impossible for the gNB to properly estimate a reference phase to use for post-compensation for each received UL slot.
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  
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 can potentially be considered as an event where power consistency and phase continuity are not maintained depending on the UE capability. 
Additionally, update of UE specific TA components is not under control of the network. As a consequence of this, in NTN, the gNB is not be aware of the instance(s) of time that a UE autonomously updates its UE specific timing advance components (both Common TA part and the part of the TA corresponding to the service link). This may lead to a scenario wherein gNB and UE have different understanding of the applicable DMRS bundling nominal TDW (nTDW) and actual time domain window (aTDW) duration. To resolve this issue, in the previous RAN1#112 meeting, several options have been discussed, see Proposal 2-3_v5 below. In the following, we further analyze these options. 
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The main rationale behind the proposal 2-3_v5 is to establish a common understanding between the gNB and the UE regarding the nTDW and aTDW durations. This is, in particular, achieved by exchanging an information between gNB and UE, wherein two main options are considered in Proposal 2-3_v5.   
In Option 1, which is a UE centric solution, UE first performs time/frequency compensation and then the nTDW/aTDW is determined based on the times of the UE TA update(s). In Option 2, which is a network centric solution, nTDW/aTDW are determined based on (new) gNB configuration-indication, and then UE performs the time/frequency compensation. Each one of the options menstioned above has its own advantages/disadvantages, where we discuss below. 
Option 2-1: For option 2-1, nTDW is determined according to the current spec. In particular it is assumed that determination of nTDW length will indirectly assist UE to have sufficiently often UE TA updates. In other words, it is assumed that UE performs TA update outside nTDW, therefore, by appropriately configuring the length of nTDW, UE may have sufficient TA update. Several issues are raised as part of this design. First of all, according to the current specs, nTDW length is configured via higher layer RRC parameter “PUSCH-TimeDomainWindowLength”. Second, according to option 2-1, nTDW length is derived based on the current timing drift. Therefore, “PUSCH-TimeDomainWindowLength” needs to be dynamically adjusted according to the current timing drift. Consequently, this may lead to constant RRC reconfigurations, which is not an attractive solution. To resolve this issue, more dynamic indication/adjustment of nTDW length is useful. Furthermore, it is not clear in option 2-1 whether nTDW length, and its configuration based on “current” timing drift, is associated with UE’s location on ground or not, as gNB is not aware of UE’s position within the beam/cell, wherein different UEs may experience different timing drifts. Finally, as has been shown in the previous section, the length of nTDW is affected also with respect to initial timing error assumption. Therefore, this factor must also be taken into account for configuration of nTDW in addition to the impact of current timing drift. 
Observation 6: One main issue with option 2-1 of proposal 2-3_v5 is that it leads to constant RRC reconfiguration for configuration of nTDW length reading from the “current timing drift”. Also, feasibility of this option, when configuration/indication of nTDW length is not associated with individual UEs is questionable, as different UEs may experience different timing drifts. 
Proposal 3: In option 2-1 of the proposal 2-3_v5, more dynamic indication of nTDW length needs to be taken into account. Dynamic indication can account for timing drifts of individual UEs within the beam/cell.        
Option 2-2: For option 2-2, new configuration/indication of nTDW and/or aTDW by gNB is assumed. Here, several design strategies are discussed so far. Below, we discuss some of these strategies.
· [UL segment transmission]: One common understanding is that, option 2-2 can be an enabler of “UL segment transmission” in NB IoT NTN. In particular, in order to guarantee sufficiently often UE TA update, the length of UL segment can be configured/adjusted accordingly. Therefore, UE must withhold its TA update within UL segment and only update its TA outside of an UL segment. However, this functionality of “UL segmented transmission” does not provide additional flexibility as compared to configuring/adjusting nTDW length. In other words, nTDW length can act as an “UL segment duration” itself and there is no need to configure additional time domain window on top of already configurable/adjustable nTDW length. 
Note: We highlight that in option 2-1 of proposal 2-3_v5, our understanding is that updating of UE autonomous TA components is not considered as an event that breaks phase continuity and power consistency. This is the main reason that now nTDW can act similar to UL segment.   

Observation 7: Configuration of nTDW/aTDW as part of UL segment duration configuration does not provide additional functionality and benefits, as nTDW length can act as UL segment duration. Therefore, we do not see the benefits of this approach compare with option 2-1.
   
· [UE TA update indication]: As another design strategy for option 2-2 gNB may directly assist UE by providing information related to UE TA update instances. This information can be in the form of a) absolute instance(s) of time in which UE must perform TA updates, or b) simply providing the rate or periodicity of TA updates to UE. The main advantage of this stargey compare with other options discussed above is that the length of nTDW does not need to be adjusted. In this method, however, UE TA update needs to be considered as an event that breaks phase continuity and power consistency unlike option 2-1. Then, by providing/indicating TA update information, both gNB and UE are aware of events that breaks aTDWs within configured nTDW and, therefore, no ambiguity remains.    

Observation 8: For option 2-2 of proposal 2-3_v5, gNB may provides TA update assisting information to NTN UE such as indicating the rate or periodicity of TA udates or instances of TA update. New event is also defined based on UE TA update. 

Proposal 4: RAN1 to further discuss the option of “nTDW/aTDW determination with new gNB configuration/indication” based on gNB providing assistant information for UE TA update.  
	
Option 1: In option 1, nTDW is configured according to the current spec, and aTDW is determined at both gNB and UE, after UE identifies the instances of UE TA update and report TA update information to gNB. In particular, when comparing option 1 with second method of option 2-2 mentioned above, i.e., [UE TA update indication by gNB], one can observe that one is the complement of the other option. From this perspective, one advantage of option 1 compared to other options is that UE, in option 1, is aware of the current experienced timing drift at UE side. Therefore, UE in option 1 can already take the current timing drift into account when sending TA update report to gNB, whereas in option 2-1, the gNB can only adapt the length of nTDW based on the current timing drift experienced at a given position within the satellite beam (for instance beam center), which is not necessarily the same timing drift experienced by a UE at cell edge. 
Observation 9: For PUSCH DMRS bundling, nTDW/aTDW determination based on UE report of TA pre-compensation, current timing drift experienced at individual UEs will be taken into account.   
Given the discussion provided above comparing the pros and cons of all options considered in proposal 2-3_v5, RAN1 should de-prioritize the method of UL segmented transmission, as this functionality already achieved via nTDW length configuration, and to further discuss the remain options of proposal 2-3_v5. 
Proposal 5: RAN1 to consider Rel-17 coverage enhancement WI, as the basis for coverage NTN coverage enhancement and not UL segmented transmission.          

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 working assumption was concluded in RAN1 #111 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 enables 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 repetitions for Msg4 HARQ-ACK performs a number of repetitions aligned with the repetition factor, whereas if multiple repetition factors are configured, an additional step is necessary, wherein gNB dynamically 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 indication of UE capability and dynamic indication of the PUCCH repetition factor from gNB to UE.
Indication of PUCCH repetition factor from gNB to UE in case multiple factors are configured
In RAN1 #112, the following was agreed for the dynamic indication of PUCCH repetition factor from gNB in case multiple repetition factors are configured:
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following alternatives for dynamic indication of repetition factor from gNB.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field
· Alt 1-2: New field with one or two bits
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a pre-defined/configured relationship between PUCCH repetition factor and Msg3 repetition factor
· Note: it is assumed that there is impact on DCI design
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· One or two CRC bits other than bits scrambled by TC-RNTI is used for the dynamic indication, etc.
· Alt 4: Implicit mapping between Msg4 HARQ ACK repetition factor and indication of Msg3 PUSCH repetition with no re-interpreted field / new field (i.e. no change to DCI design)



According to the agreement of meeting#112, the Alt 1 is a potential solution of indication of PUCCH repetition factor. In particular, Alt 1-1 seeks to indicate the PUCCH repetition factor via repurposing of one of the fields in DCI scheduling the Msg4 PDSCH. Several alternatives were listed for the repurposing, each addressing a different field in the related DCI.
Although the approach of Alt 1-1 (i.e. repurposing) works fine in case of a single UE receiving the DCI scheduling the Msg4, additional considerations are necessary in case the DCI carries information for multiple UEs (i.e. collision in Msg3) with different capabilities. Such a scenario is very relevant in the case the PUCCH repetition capability is reported via Msg3 and one UE with PUCCH repetition capability collides with another UE without PUCCH repetition capability (e.g. Rel-17 UE) during PRACH through selection of a same RO and preamble. In such a case, since both UEs transmit Msg3 in the same resources with a same TC-RNTI, gNB will not be able to distinguish them and will transmit the Msg4 with the contention resolution ID of the dominant UE. However, since the two UEs with different capabilities are also not aware of such collision, they will both try to decode the DCI scheduling the Msg4 (and the Msg4 itself), but at least one of them will not be able to interpret correctly the content of such DCI. The possible cases assuming collision of two UEs with and without PUCCH repetition capability are summarized in Table 5, in the example case of Alt 1-1a (i.e. MCS field repurposed). It is worth noticing that similar conclusions can be drawn for the other options of Alt 1-1.
Observation 10: Repurposing of DCI fields creates ambiguity in the case of collision between UEs with and without capabilities of PUCCH repetitions.
[bookmark: _Ref131075077]Table 5. Collision cases of UE w/ and w/o capability of PUCCH repetitions
	
	DCI with MCS field not repurposed
	DCI with MCS field repurposed

	UE w/ capability
	Misinterpretation of MCS field à sends NACK with repetitions in non allocated PUCCH resources
	Correct interpretation of MCS field

	UE w/o capability
	Correct interpretation of MCS field
	Misinterpretation of MCS field à sends NACK even if originally (without repurposing) was able to decode Msg4 à increase of interference



With Alt 1-2, a new field in the DCI scheduling the Msg4 would be added for indication of the PUCCH repetition factor. Addition of a new field in the DCI scheduling the Msg4 generates fallback DCI size misalignments, in the case the PUCCH repetition feature is non configured by the gNB. Indeed, in such a case, and assuming that the other fallback DCIs 1_0 (i.e. scrambled with different RNTI) were adapted to match the new size of the DCI 1_0 with CRC scrambled by TC-RNTI, the bits in the DCI for indication of the PUCCH repetition factor are not necessary creating a mismatch between the number of bits of the DCI 1_0 with CRC scrambled by TC-RNTI and other DCIs 1_0.
Observation 11: Introduction of a new field in the DCI scheduling the Msg4 generates fallback DCI size misalignments in the case the PUCCH repetition feature is not configured by the gNB.
Based on the above observation, in the case Alt 1-2 is agreed, a mechanism to avoid such misalignments is necessary. One simple option could be to extend the usage of the reserved bits in DCI 1_0 scheduling the Msg4 (i.e. CRC scrambled with TC-RNTI) at least to the case when the feature of PUCCH repetitions is not configured.
Proposal 6: Extend the usage of the reserved bits in DCI scheduling the Msg4 in the case the feature of PUCCH repetitions is not configured.
Alt 2 seeks to convey information on PUCCH repetition factor via joint indication with Msg3 PUSCH repetitions, re-using the methods already defined in Rel-17 (i.e. indication via MCS field in RAR UL grant). Such an approach has the major drawback that if a UE collides in PRACH with another UE (even with another UE with capability of PUCCH repetitions), gNB will not be able to optimize the number of repetitions for the UE that eventually will dominate in Msg3 and therefore the purpose of the dynamic indication would be defeated.
Observation 12: Alt 2 does not allow a gNB to optimize the number of repetitions for the UE dominating in Msg3 (in case of PRACH collision), defeating the purpose of a dynamic indication of the PUCCH repetition factor.
Alt 4 does not have major system impact but in our view imposes a constraint to UE implementations and restricts the flexibility for the indication of the PUCCH repetition factor by binding it to the Msg3 repetition factor. In other words, a gNB would not be able to schedule PUCCH reptitions for the Msg4 HARQ-ACK if the UE does not support Msg3 repetitions, which might be the cases for some UEs as the Msg3 and Msg4 HARQ-ACK are carried in different physical channels.
Observation 13: Alt 4 imposes a constraint to UE implementations and restricts the flexibility for the dynamic indication of the PUCCH repetition factor.
Alt 3 seeks to convey the information on PUCCH repetition factor via CRC scrambling of DCI scheduling the Msg4 PDSCH, of one or two bits other than the bits scrambled by the TC-RNTI.
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 3, 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 7: 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 3. 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 RAN1 #112, the following working assumption was reached on the UE request of PUCCH repetitions:
[image: ]
The working assumption targets definition of an RSRP threshold that can be configured by gNB for UE to request PUCCH repetitions for the Msg4 HARQ-ACK. In our view, definition of such a threshold is not necessary for the targeted feature, as before the Msg4 HARQ-ACK the gNB has already received two UL transmissions from the UE (i.e. PRACH and Msg3), from which it can already derive an accurate estimate of the UE UL conditions and assign a proper repetition factor for the subsequent Msg 4 HARQ-ACK PUCCH transmission. For this reason, we believe that the working assumption should not be adopted and UE should only indicate its capability via the methods discussed throughout this section.
Proposal 8:. Do not confirm the working assumption on RSRP threshold for requesting PUCCH repetitions for the Msg4 HARQ-ACK.
Proposal 9: UE indicates repetition capability to gNB for the PUCCH of the Msg4 HARQ-ACK.
In RAN1 #112, extensive discussion on UE capability (or request) reporting occurred, which was concluded with the following working assumption:
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following options as container of the [repetition request or capability report] indicated by UE.
· Option A: PRACH preamble and/or occasion
· FFS: whether PRACH resource partitioning is needed for indication of [repetition request  or capability report]
· FFS: whether or not indication of repetition factor is assumed 
· Note: the relation with R18 NR coverage enhancements for PRACH may need to be considered in future meetings
· Option B: Higher layer signaling in Msg3 PUSCH
· FFS: which signaling is used
· Note: if higher layer signaling is preferred in RAN1, the feasibility will be asked to RAN2.
· Option C: Physical layer signaling in Msg3 PUSCH
· FFS: which signaling is used, e.g. DMRS ports



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 cause (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.
Observation 14: Indication of PUCCH repetition capability via Msg1 generates segmentation of the configured preambles, leading to increased collision probability.
For indication of the PUCCH repetition capability via Msg3 (i.e. connection establishment request), two options are currently being discussed in RAN1, i.e. Option B via higher layer signalling and Option C via physical layer signalling.
Higher layer signalling has the advantage that gNB can retrieve the information on UE capability or request by simply looking at specific bits in the MAC PDU, and understand if UE is capable of PUCCH repetitions. This approach however is subject to the problems and limitation already highlighted in Section 2.2.1, for which in case of a collision with a UE without PUCCH repetition capability, there would be ambiguity in the UE behavior for subsequent Msg4 reception and decoding. 
To avoid such a problem, a viable way for indication of PUCCH repetitions capability or request could be to scramble the payload of the Msg3 with specific values of TC-RNTI dedicated to UEs with capability of PUCCH repetitions (i.e. aligned with Option C). Indeed, if UEs with capability use a different TC-RNTI from the UEs without capability, there is no risk of confusion in the subsequent DCI with a CRC scrambled by the different TC-RNTI value.
Observation 15: Physical layer signalling based on dedicated values of TC-RNTI avoids the problem of ambiguity in decoding of DCI scheduling the Msg4.
Proposal 10: Agree to Option C, i.e. UE reports capability or requests repetitions via physical layer signalling in Msg3 PUSCH, e.g. via TC-RNTI scrambling.
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 and potentially configured by the gNB. 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 11: 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 12: 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 13: 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 16: No specification update to apply the existing mechanism on repetition slot counting to PUCCH repetition for Msg4 HARQ-ACK is needed.
Observation 17:  is currently defined only for UEs with dedicated PUCCH configuration.
Proposal 14: 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 12 slots and 14 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: Initial timing error of UE at the beginning of bundling affects the maximum supported DMRS bundle size. However, it is difficult to have an assumption on this initial timing error value, as UE’s timing error may drift to positive or negative , and various sources of error are contributing to the entire timing error budget. 
Observation 4: 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 5: 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 6: One main issue with option 2-1 of proposal 2-3_v5 is that it leads to constant RRC reconfiguration for configuration of nTDW length reading from the “current timing drift”. Also, feasibility of this option, when configuration/indication of nTDW length is not associated with individual UEs is questionable, as different UEs may experience different timing drifts. 
Observation 7: Configuration of nTDW/aTDW as part of UL segment duration configuration does not provide additional functionality and benefits, as nTDW length can act as UL segment duration. Therefore, we do not see the benefits of this approach compare with option 2-1.
Observation 8: For option 2-2 of proposal 2-3_v5, gNB may provides TA update assisting information to NTN UE such as indicating the rate or periodicity of TA udates or instances of TA update. New event is also defined based on UE TA update. 
Observation 9: For PUSCH DMRS bundling, nTDW/aTDW determination based on UE report of TA pre-compensation, current timing drift experienced at individual UEs will be taken into account.   
Observation 10: Repurposing of DCI fields creates ambiguity in the case of collision between UEs with and without capabilities of PUCCH repetitions.
Observation 11: Introduction of a new field in the DCI scheduling the Msg4 generates fallback DCI size misalignments in the case the PUCCH repetition feature is not configured by the gNB.
Observation 12: Alt 2 does not allow a gNB to optimize the number of repetitions for the UE dominating in Msg3 (in case of PRACH collision), defeating the purpose of a dynamic indication of the PUCCH repetition factor.
Observation 13: Alt 4 imposes a constraint to UE implementations and restricts the flexibility for the dynamic indication of the PUCCH repetition factor.
Observation 14: Indication of PUCCH repetition capability via Msg1 generates segmentation of the configured preambles, leading to increased collision probability.
Observation 15: Physical layer signalling based on dedicated values of TC-RNTI avoids the problem of ambiguity in decoding of DCI scheduling the Msg4
Observation 16: No specification update to apply the existing mechanism on repetition slot counting to PUCCH repetition for Msg4 HARQ-ACK is needed.
Observation 17:  is currently defined only for UEs with dedicated PUCCH configuration.

Proposal 1: Under fractional timing assumption the maximum supported DMRS bundling window size needs to be reduced. 
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: In option 2-1 of the proposal 2-3_v5, more dynamic indication of nTDW length needs to be taken into account. Dynamic indication can account for timing drifts of individual UEs within the beam/cell.        
Proposal 4: RAN1 to further discuss the option of “nTDW/aTDW determination with new gNB configuration/indication” based on gNB providing assistant information for UE TA update.  
Proposal 5: RAN1 to consider Rel-17 coverage enhancement WI, as the basis for coverage NTN coverage enhancement and not UL segmented transmission.          
Proposal 6: Extend the usage of the reserved bits in DCI scheduling the Msg4 in the case the feature of PUCCH repetitions is not configured.
Proposal 7: 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 8:. Do not confirm the working assumption on RSRP threshold for requesting PUCCH repetitions for the Msg4 HARQ-ACK.
Proposal 9: UE indicates repetition capability to gNB for the PUCCH of the Msg4 HARQ-ACK.
Proposal 10: Agree to Option C, i.e. UE reports capability or requests repetitions via physical layer signalling in Msg3 PUSCH, e.g. via TC-RNTI scrambling.
Proposal 11: 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 12: Do not support inter-slot frequency hopping for PUCCH repetitions of the Msg4 HARQ-ACK.
Proposal 13: Do not support DMRS bundling for PUCCH repetitions of the Msg4 HARQ-ACK.
Proposal 14: Postpone discussion on definition of  for PUCCH repetition for Msg4 HARQ-ACK to when the feature details are agreed and consolidated.
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Proposal 2 - 3_v5   For  NTN - spec ific PUSCH DMRS bundling , further discuss whether nominal/actual TDW determination  defined in R17 can be reused for NTN or not, e.g., the following options.      Option 1: Actual TDW determination based on timing of TA pre - compensation update causing phase  discontinuity and power inconsistency. UE determines the timing.   o   N ominal TDW is configured by gNB as in the existing spec.   o   U E reports information on the timing.  FFS details   o   A ctual TDW is determined by the reported information and events defined in R17.   -   New event is defined based on TA pre - compensation update. FFS details      O ption 2:   Nominal/actual TDW determination based on gNB configuration and/or indication   o   O ption 2 - 1: Determined as in the existing spec. No spec change is assumed.   -   Nominal TDW is configured by gNB as in the existing spec.      Note: Based on gNB implementation, nominal T DW length can be configured t o  current timing drift, derived from satellite ephemeris, to allow UE to update  time/frequency pre - compensation sufficiently often.   -   A ctual TDW is determined by events defined in R17.   -   Note: no new event is defined for the TA pre - compensation update.   o   O ption 2 - 2: Determined by new gNB configuration/indication.   -   FFS details      e.g., TA pre - compensation timing is indicated by gNB      e .g., further segmented configuration is provided by gNB   -   FFS: Whether new event is defined based on new  gNB configuration/indication.      F FS: whether to define another new event to decide actual TDW (e.g., antenna switching, update of  epoch time, etc.)  
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Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
If the RSRP threshold is configured and the configured RSRP threshold is smaller than X,
'UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if
‘measured RSRP is lower than a RSRP threshold.
o Ifthe RSRP threshold is not configured. or if the configured RSRP threshold is X,
'UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH
repetition for Msgd HARQ-ACK
FES: value of X (the maximum configurable value of the RSRP threshold)
‘o—EES- the exact UE behavior if the RSRE threshold-is-not configured
Doxwn:select one from the following alternatives for the RSRP threshold.
Alt A: The same RSRP threshold as R17 Msg3 repetition (i, rsrp-ThresholdMsg3-r17) is
sed.

- AltB: New RSRP threshold i introduced.
Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor
capability report
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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  a ssumed.   o   F FS: whether/how to consider the initial timing error at the beginning   o   F FS: TA pre - compensa tion 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.      F FS: impact of phase difference limit  
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