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1. Introduction
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For the WI of  coverage enhancement in NR NTN for Rel-18, agreements, conclusions and observations have been achieved in RAN1#110 as following  [1].

Conclusion
For Rel-18 coverage enhancement in NTN, NLOS environment is deprioritized.

Agreement
For NR-NTN coverage enhancement, RAN1 concludes that coverage enhancements specifically for GEO and MEO are de-prioritized in Rel-18.
· Potential enhancements for LEO can also apply to GEO and MEO

Agreement
For NR-NTN coverage enhancement in Rel-18, link budget of parameter set-1 for LEO-1200 operating at LOS is considered as the target to evaluate whether each channel/signal with the existing specification needs to be enhanced or not. The targeted performances are used to evaluate the following services:
· VoIP using AMR 4.75 kbps. 
· Low data rate of 3 kbps. 
· Potential enhancements for deployments with parameter set-1 can also apply for deployments for parameter set-2

Observation
For PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS,
· Five sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with at least 0.6 dB gap

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Three sources observed that the existing specification cannot meet the performance requirement with a gap of 1.8 to 6 dB.

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.

Observation
For PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.


Observation
For PRACH format 0 with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Eight sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 5.3 dB
For PRACH format 2 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification can meet the performance requirement
· Two sources observed that the existing specification cannot meet the performance requirement with a gap of 1.9 to 8.8 dB
For PRACH format B4 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification cannot meet the performance requirement with a gap of 1.2 to 11.9 dB
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
For PUSCH for VoIP with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement with a margin of 0 to 1.7 dB
· One company simulated by using 20 repetitions without DMRS bundling
· Four companies simulated by using 20 repetitions with DMRS bundling
· One company simulated by using 32 repetitions with DMRS bundling
· Note: this is the only result using frame combining by application layer
· Nine sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 8.6 dB
· Eight companies simulated by using 20 repetitions without DMRS bundling
· Seven companies simulated without frequency hopping
· One company simulated by using 16 repetitions with DMRS bundling
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
RAN1 concluded that enhancement for PUSCH for VoIP may be needed to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, when DMRS bundling is not applied.

Observation
For Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with a gap of 1.5 dB.

Conclusion
RAN1 concluded that enhancement is unnecessary for Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.






Then, in RAN#97, the work item description on NR NTN enhancements was updated [2]. The following part shows part of the updated WID. Two detailed objectives for NTN are specified. One is on PUCCH enhancement for Msg4 HARQ-ACK and the other is on DMRS bundling for PUSCH for NTN. 

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

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

The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarisation loss (per antenna port). 
Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.
The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.


 The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To 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]

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 RAN2 study.

· 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.

[bookmark: _Hlk86407239]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 further updated.

In this contribution, we will discuss in more details regarding PUCCH enhancement for Msg4 HARQ-ACK and DMRS bundling for PUSCH for NTN. 


2. Discussion

2.1 PUCCH enhancement for Msg4 HARQ-ACK
PUCCH for Msg4 HARQ-ACK is one of the necessary steps for the random access procedure. It uses PUCCH format 1 with 1 bit payload using BPSK.  
In RAN1#110 meeting, significant link budget gap is observed for PUCCH for Msg4 HARQ-ACK in the reference scenario, i.e. parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5 dBi antenna gain and 3 dB polarization loss (per antenna port) [1]. In RAN#97 meeting, the reference scenario is updated with a worse antenna gain (-5.5dBi) [2], making the link budget gap bigger. 
On the other hand, RAN1 does not observe significant link budget gaps for PUCCHs in other cases (i.e. PUCCH format 1 with 2 bit payload, PUCCH format3) [1].
We believe the reason for these results is that PUCCH for Msg4 HARQ-ACK can not use transmission repetition in Rel-17, which can be seen from specification 38.213 and 38.331.

In TS 38.213 [3], cell specific PUCCH resource set are specified as following:
If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of  PRBs. 
[image: ]

The parameter pucch-ResourceCommon is specified in the IE PUCCH-ConfigCommon in TS 38.331, as following: [4]
pucch-ResourceCommon
An entry into a 16-row table where each row configures a set of cell-specific PUCCH resources/parameters. The UE uses those PUCCH resources until it is provided with a dedicated PUCCH-Config (e.g. during initial access) on the initial uplink BWP. Once the network provides a dedicated PUCCH-Config for that bandwidth part the UE applies that one instead of the one provided in this field (see TS 38.213 [13], clause 9.2).
[image: ]

From these specifications, it can be seen that Msg4 HARQ-ACK during initial access uses cell-specific PUCCH resources, and repetition is not supported yet. This is why Msg4 HARQ-ACK has significant link budget gap while other PUCCHs do not.

Observation 1: Cell-specific PUCCH resources/parameters are used for Msg4 HARQ-ACK in Rel-17.
Observation 2: PUCCH repetition is not supported for the case of Msg4 HARQ-ACK in Rel-17.
Proposal 1: For NTN coverage enhancement in Rel-18, support PUCCH repetition for Msg4 HARQ-ACK.

To support PUCCH repetition for Msg4 HARQ-ACK, a number of continuous slots can be used for the repetition. The repetition number can be indicated to PHY layer by a newly added RRC parameter. For example, add a new parameter nrofSlots in PUCCH-ConfigCommon to configure the number of repetitions for PUCCH for Msg4 HARQ-ACK. The parameter nrofSlots can be {n1, n2, n4, n8}.

Proposal 2: Number of repetition for PUCCH for Msg4 HARQ-ACK can be configured to the PHY layer by a RRC parameter. 
Proposal 3: Add a new RRC parameter in PUCCH-ConfigCommon to configure number of repetition for PUCCH for Msg4 HARQ-ACK. For example, the RRC parameter can be nrofSlots: ENUMERATED  {n1, n2, n4, n8}.

In each of these slots, PUCCH resource set for Msg4 HARQ-ACK can still use the legacy specifications, i.e. PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 in TS 38.213 [3], which means there is only one PUCCH repetition in each slot.
[bookmark: _GoBack]Alternatively, new PUCCH resource set can be specified in Table 9.2.1-1 in TS 38.213 to allow multiple PUCCH repetition in each slot. In this case, the total repetition number is the product of the number of slot for repetition and the repetition number within each slot. For example, if number of symbol is 4, then there can be at most 3 PUCCH resources in one slot, as illustrated in the table below.

	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset


	Set of initial
indexes

	XXX
	1
	{0,4,8}
	4
	XXX
	XXX



Proposal 3: Specify new PUCCH resource set to allow multiple PUCCH repetition within slot. (Optional)

UE with different path loss may need different number of repetition for Msg4 HARQ-ACK. RRC configuration can not meet this requirement. Therefore, dynamic indication for a UE’s number of repetition for PUCCH for Msg4 HARQ-ACK is also needed. The dynamic indication can be carried by the DCI which schedules the Msg4 and Msg4 HARQ-ACK.

Proposal 4: Specify a dynamic indication for the repetition number of PUCCH for Msg4 HARQ-ACK.
Proposal 5: Include a repetition number indication field in the DCI that schedules the PUCCH for Msg4 HARQ-ACK.

One side effect of repetition should be considered: With repetition, Msg4 HARQ-ACK will cost more time.Therefore time domain resource may have heavy burden, and thus capacity is reduced. To counter this side effect on capacity, new method for frequency domain allocation should be taken.
For example, different UE can use different PUCCH resources in frequency domain, so that the capacity can be increased, as illustrated in the figure below.
[image: ]

To achieve this goal, frequency domain position (e.g. PRB offset) should be indicated to the UE respectively. The indication can be included in the DCI scheduling Msg4 and Msg4 HARQ-ACK.

Proposal 6:  To improve capacity, specify a dynamic PRB offset indication for PUCCH for Msg4 HARQ-ACK so that different UE can occupy different PUCCH resources in frequency domain. The mechanism should be able to cover the case of non-frequency hopping, and  frequency hopping as well (FFS).
Proposal 7: Use a PRB offset indication in the DCI that schedules the PUCCH for Msg4 HARQ-ACK to reduce interference between UEs and improve capacity. 



2.2 DMRS bundling for PUSCH 

As observed by RAN1 #110, DMRS bundling can improve the performance of repetition. But frequency hopping may make DMRS bundling difficult. In the case of frequency hopping, we believe it would be good to allow long consistency in frequency. A configuration parameter for frequency hopping interval may help to get the benefit from both DMRS bundling and frequency hopping. Frequency hopping can only happen with the interval, and frequency hopping is not allowed within the interval. The figure below shows an example, in which frequency hopping interval is 2 slots, and DMRS bundling can be done for every two continuous slots during the repetition.
[image: ]

Observation3: Frequency hopping has a negative effect on DMRS bundling because it breaks the consistency in the frequency domain. 
Proposal 8: For the benefit of DMRS bundling, configure a frequency hopping interval. Frequency hopping does not happen within each interval so that DMRS bundling can be adopted for each interval.

In addition, we believe that benefit of DMRS bundling for PUSCH can also be applied to PUCCH.
Proposal 9: Benefit of DMRS bundling for PUSCH can also be applied to PUCCH.





3. Conclusions

Observation 1: Cell-specific PUCCH resources/parameters are used for Msg4 HARQ-ACK in Rel-17.
Observation 2: PUCCH repetition is not supported for the case of Msg4 HARQ-ACK in Rel-17.
Proposal 1: For NTN coverage enhancement in Rel-18, support PUCCH repetition for Msg4 HARQ-ACK.
Proposal 2: Repetition number for PUCCH for Msg4 HARQ-ACK can be configured to the PHY layer by a RRC parameter. 
Proposal 3: Add a new RRC parameter in PUCCH-ConfigCommon to configure repetition number for PUCCH for Msg4 HARQ-ACK. For example, the RRC parameter can be nrofSlots ENUMERATED  {n1, n2, n4, n8}.
Proposal 4: Specify a dynamic indication for the repetition number of PUCCH for Msg4 HARQ-ACK.
Proposal 5: Include a repetition number indication field in the DCI that schedules the PUCCH for Msg4 HARQ-ACK.
Proposal 6:  To improve capacity, specify a dynamic PRB offset indication for PUCCH for Msg4 HARQ-ACK so that different UE can occupy different PUCCH resources in frequency domain. The mechanism should be able to cover the case of non-frequency hopping, and  frequency hopping as well (FFS).
Proposal 7: Use a PRB offset indication in the DCI that schedules the PUCCH for Msg4 HARQ-ACK to reduce interference between UEs and improve capacity. 

Observation3: Frequency hopping has a negative effect on DMRS bundling because it breaks the consistency in the frequency domain. 
Proposal 8: For the benefit of DMRS bundling, configure a frequency hopping interval. Frequency hopping does not happen within each interval so that DMRS bundling can be adopted for each interval.
Proposal 9: Benefit of DMRS bundling for PUSCH can also be applied to PUCCH.
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Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration
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PUCCH-ConfigCommon : SEQUENCE {
pucch-ResourceCommon INTEGER (0..15) OPTIONAL, - Cond InitialBWP-Only
pucch-GroupHopping ENUMERATED { neither, enable, disable },
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intra-SlotFH-rl7 ENUMERATED {fromLowerEdge, fromUpperEdge} OPTIONAL, -- Need R
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