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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN #95 meeting, WI on enhancements of NTN was approved and one of the objective of the WI is to study the coverage enhancements aspects for commercial UEs accessing the NTN cell. The detailed objectives are as follows [1].

	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

[bookmark: _Hlk90207880]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.




In RAN#97-e meeting, the work item description (WID) for NR NTN enhancements was revised [2] and the objectives for coverage enhancement were refined as follows:

· 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]

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



In this contribution, we provide our views on some aspects of coverage enhancement for PUCCH for Msg4 HARQ-ACK and potential coverage enhancements for random access procedure.
[bookmark: _Ref129681832]Discussion
Coverage enhancement for Msg4 HARQ-ACK
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.



Supporting multiple repetitions is a straightforward mechanism for coverage enhancement when dedicated PUCCH resource configuration is not provided. In RAN1#110-bis e-meeting, following agreements were made to support PUCCH repetitions for 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
· [bookmark: _Hlk118295563]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
· [bookmark: _Hlk118360677]How UE indicates repetition capability before Msg4

Since channel characteristics of different UEs in an NTN cell are not expected to vary considerably, configuration of repetition in cell-specific manner can save signaling overhead as compared to UE specific signaling. UEs which are incapable of repetition can ignore this indication. However, gNB must be aware of such UEs to avoid waste of network resources and, therefore, UE indication of repetition capability can be useful for spectral efficiency. In our view, UE repetition request is one way for indicating repetition capability. Different solutions which have already been proposed for reporting PUCCH repetition capability are as follows:

· [bookmark: _Hlk118361119]Solution 1: Msg3 PUSCH repetition request automatically implies Msg4 PUCCH repetition request/capability signalling.
· Solution 2: PUCCH repetition capability is indicated via Msg3. Existing proposals can be categorized into two solutions:
· Alt-1: UE sends PUCCH repetition request explicitly in Msg3 by either using an existing field or introducing a new field. 
· Alt-2: Using a dedicated configuration for Msg3 transmission to implicitly indicate PUCCH repetition capability
Although any of the above solutions can be considered for indicating UE repetition capability before Msg4, it is preferred to support a solution with minimum specification impact and standards effort and, therefore, we prefer solution 1.

Proposal 1: Msg3 PUSCH repetition request automatically implies Msg4 PUCCH repetition request/capability signalling.

[bookmark: _Hlk118295725]On the issue of repetition number indication, we think dynamic indication can help to avoid PUCCH performance degradation by adapting the number of repetitions if the channel conditions change. This can  help avoid PUCCH performance degradation (e.g. by indicating higher repetition factor when channel conditions get worse) and can also be useful for avoiding waste of network resources (e.g. indicating lower value if channel conditions are favorable). 

Proposal 2: Support dynamic indication of number of PUCCH repetitions for Msg4 HARQ-ACK.

Coverage enhancement for random access procedure
Note that link budget analysis in the NTN study showed that UL transmissions from commercial UEs are expected to experience degraded CINR values as compared to VSAT UEs [3].
[image: Table
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Figure 1 Link budget results from TR 38.821 [3]
In the above Figure 1, it can be clearly seen that UEs with Tx EIRP 23dBm suffer from degraded UL CINR, where in case of GEO satellites the CINR drops to -15.7dB. This is expected to severely impact the UL coverage of commercial UEs trying to connect to NTN cells. 
Observation 1: Commercial UEs UL transmissions are expected to experience much lower CINR values as compared to UL transmission from VSAT UEs with higher Tx EIRP values.
For many physical UL channels (e.g. PUCCH), repetitions or coverage enhanced solutions can be configured dedicatedly to UE once UE gets into RRC connected state. But for initial random-access procedure, coverage enhancement solutions (e.g. number of RACH repetitions) can only be configured in cell specific manner.
Note that for RACH coverage enhancement for commercial UEs, network can potentially configure RACH formats with larger number of sequence repetition number (e.g. format A3 or B4) to account for lower CINR values. However, this should be noted that higher number of repetitions reduces radio resources available for other UL transmissions.
Observation 2: Networks may need to configure RACH formats with high number of sequence repetitions (e.g. A3 or B4) in NTN cells for commercial UEs in order to overcome low CINR values.
The WI description also indicates that commercial UEs and VSAT UEs are expected to coexist at least for FR1. That is both commercial UEs and VSAT UEs can connect to single NTN cell, where commercial UEs are expected to connect to NTN cell in absence of TN coverage [1].
The work item aims at specifying enhancements for NG-RAN based NTN (non-terrestrial networks) according to the following assumptions with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios:

· [bookmark: _Hlk86389477]GSO and NGSO (LEO and MEO) with transparent payload.
· Earth fixed tracking area. Earth fixed & Earth moving cells for NGSO
· FDD mode
· UEs with GNSS capabilities
· Both “VSAT” devices with directive antenna (including fixed and moving platform mounted devices and commercial handset terminals (e.g. Power class 3) are supported in FR1
· Only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands.
Given that both VSAT UEs and commercial UEs may connect to same NTN cell, configuring RACH formats with high number of repetitions may waste precious radio resources. This becomes even more relevant in case when number of commercial UEs trying to connect to NTN cell is just a fraction of number of VSAT UEs. But configuring lower number of RACH repetitions falls under risk that commercial UEs would not be able to connect to the NTN cell at all. 
Observation 3: Configuring cell specific RACH resources with larger number of repetitions leads to poor radio resource efficiency specially when only a small number of commercial UEs are trying to connect to NTN cell.
Based on above observations, there is a serious need to find a solution on how to configure 2 separate set of RACH resources, where one set of RACH resources shall have higher number of RACH sequence repetitions and other set of RACH resources shall have lower number of RACH sequence repetitions. Number of resources per set can be configured based on expected number of UEs trying to connect using the specific configuration.
Proposal 3: At least two sets of RACH resources are required to be configured with different RACH formats or repetitions, to allow both VSAT UEs and commercial UEs gain access to NTN cell.
There may be several ways on how to configure multiple RACH resource sets e.g.
· [bookmark: _Hlk101448634]Configure multiple UL cells (similar to SUL and NUL) to allow configuring different set of RACH resources for commercial UEs and VSAT UEs, however this requires significant broadcast signalling overhead as full uplink configuration needs to be separately provided for commercial UEs
· Configure two sets of RACH resources with different RACH formats/repetitions within initial active BWP. This is currently not supported in NR (as NR only support single RACH configuration per initial active BWP).
Proposal 4:  Discuss how to configure multiple RACH resource sets per cell for initial random-access procedure:
· Option-1: Configure two separate UL cells (similar to SUL and NUL) to allow configuring different set of RACH resources for commercial UEs and VSAT UEs
· Option-2: Configure two sets of RACH resources with different RACH formats/repetitions within initial active BWP
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have following observations and proposals.

Proposal 1: Msg3 PUSCH repetition request automatically implies Msg4 PUCCH repetition request/capability signalling.

Proposal 2: Support dynamic indication of number of PUCCH repetitions for Msg4 HARQ-ACK.

Observation 1: Commercial UEs UL transmissions are expected to experience much lower CINR values as compared to UL transmission from VSAT UEs with higher Tx EIRP values.
Observation 2: Networks may need to configure RACH formats with high number of sequence repetitions (e.g. A3 or B4) in NTN cells for commercial UEs in order to overcome low CINR values.
Observation 3: Configuring cell specific RACH resources with larger number of repetitions leads to poor radio resource efficiency specially when only a small number of commercial UEs are trying to connect to NTN cell.
Proposal 3: At least two sets of RACH resources are required to be configured with different RACH formats or repetitions, to allow both VSAT UEs and commercial UEs gain access to NTN cell.
Proposal 4:  Discuss how to configure multiple RACH resource sets per cell for initial random-access procedure:
· Option-1: Configure two separate UL cells (similar to SUL and NUL) to allow configuring different set of RACH resources for commercial UEs and VSAT UEs
· Option-2: Configure two sets of RACH resources with different RACH formats/repetitions within initial active BWP
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