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1. [bookmark: _Toc120549591]Introduction
[bookmark: _Hlk521259925]During RAN#94-e and RAN#95-e meeting, a new work item is proposed to define further enhancements for NR NTN, and it is concluded that the coverage enhancement of PUCCH for Msg4 HARQ-ACK and discussion of DMRS-bundling for PUSCH will be focused on during previous RAN plenary meetings according to the observation and evaluation on the NTN coverage performance [1]. The justification and objectives that the work item focuses on are listed as follows.
	Justification
In Release 17, a work item was carried out to define solutions enabling New Radio and NG-RAN to support Non-Terrestrial Networks (NTN):
· Transparent payload based GSO and NGSO network scenarios addressing at least 3GPP power class 3 UE with GNSS capability in both Earth fixed and/or moving cell configurations
As part of Release 18, a new work item is proposed to define enhancements for NG-RAN based Non-Terrestrial Networks in order to:
· Support new scenarios to cover deployments in frequency bands above 10 GHz
· Offer optimized performance especially when addressing handset terminals (including smartphones with more realistic assumptions on antenna gains instead of 0 dBi antenna gain with the specific realistic antenna gain assumption to be determined at the working group level) w.r.t. coverage considering the NTN characteristics such as large propagation delay and satellite movement.
· Provide mobility and service continuity enhancements considering the NTN characteristics such as large propagation delay and satellite movement.
· Address requirements, if needed based on the FS_NR_NTN_netw_verif_UE_loc study outcome, which mandate the network operator to cross check the UE location reported by the UE, which needs to be carried out in order to fulfil the regulatory requirements (e.g., Lawful intercept, emergency call, Public Warning System, …) regarding a network verified UE location i.e., to be able to check the UE reported location information (e.g. estimate UE location at the network side) and specify if needed mechanisms to fulfil the regulatory requirements.
Objective
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:
· 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.
Note 1: In Rel-17 WID, “VSAT” device with external antenna on moving platform is equivalent to a device that operate on platforms in motion, and this is referred to as ESIM (Earth Station In Motion).
Note 2: The Rel-17 NTN architecture is assumed.
This WI is adding functionality in REL-18 to enhance features that were introduced in REL-15/16/17:
The first objective is to study the coverage enhancement to NTN, including: 
The Rel-18 NTN objectives are focused on the applicability of the “solutions developed by general NR coverage enhancement” (NR_cov_enh) 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 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 specify if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) [RAN1]


During last RAN1 meeting, the detailed procedure and issues on coverage enhancement schemes for NTN scenarios were discussed and some progress was achieved [2]. In this contribution, we will further study and share our views on the detailed coverage enhancement schemes for PUCCH enhancements for Msg4 HARQ-ACK and DMRS bundling for PUSCH in NTN.
2. Discussion
2.1 PUCCH enhancement for Msg4 HARQ-ACK
2.1.1 Repetition request or capability report
Regarding the enhancement scheme of PUCCH repetition for Msg4 HARQ-ACK in NTN scenarios, the procedure of PUCCH repetition for Msg4 HARQ-ACK was discussed and it is concluded that one or more repetition factors can be configured via SIB in the working assumption shown below[3]. 
	RAN1#111 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


For the issue on whether UE requests repetition or indicates repetition capability when one or multiple repetition factors are configured, it is efficient that UE indicates its repetition request in advance to enable gNB know that the UE needs to transmit PUCCH repetition via corresponding PUCCH resource, or report its repetition capability to inform gNB the UE capability of performing PUCCH repetition for Msg4 HARQ-ACK.
Regarding whether UE requests repetition or indicates repetition capability, the main difference is the UE which has repetition capability but does not request for the former manner. In this case, UE may report repetition capability after RACH procedure to let gNB have a better understanding. It is recommended in RAN1#112 meeting that both request repetition and report repetition capability can be taken into account based on some conditions, e.g., the configuration of SSB RSRP threshold, which is aligned with Rel-17 Msg3 PUSCH repetition mechanism. The detailed RSRP threshold and conditions needs to be further discussed based on the working assumption made in the RAN1#112 meeting [4]. 
	RAN1#112 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.
· If the 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 Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report


From our understanding, the WA can be confirmed with the value of RSRP threshold for determining whether UE requests repetition or reports capability being configured as RSRP-Range = 127 (infinity). If the RSRP threshold is configured among the candidates of RSRP-Range, UE can request Msg4 HARQ-ACK repetition when the measured RSRP is lower than the configured RSRP threshold. Otherwise, if the RSRP threshold is not configured, or configured as the infinity value, UE is allowed to report its capability on PUCCH repetition for Msg4 HARQ-ACK.
Another issue is when UE requests PUCCH repetition for HARQ-ACK, whether additional configured RSRP threshold or the same RSRP threshold as R17 Msg3 repetition should be used for UE requesting repetitions. Considering that the payload of Msg4 HARQ-ACK is usually smaller than that of Msg3, and the coverage performance is different between PUCCH Msg4 HARQ-ACK and Msg3, it is reasonable that UE decides whether to request PUCCH repetition and Rel-17 Msg3 repetition based on different RSRP threshold. Thus, separate RSRP threshold can be configured for requesting repetition of Msg4 HARQ-ACK and PUSCH Msg3 respectively.
Proposal 1. 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.
· If the 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 Msg4 HARQ-ACK.
· The value of X (the maximum configurable value of the RSRP threshold) is the infinity value, e.g., RSRP-Range = 127.
· For PUCCH repetition request for Msg4 HARQ-ACK, different RSRP threshold from R17 Msg3 repetition can be configured.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report.
2.1.2 How UE transmits information
For the issue on how UE requests repetition or report capability before Msg4 transmission, the working assumption of using higher layer signalling in Msg3 PUSCH was achieved in the last RAN1 meeting, and whether the related high layer signalling is available as well as the details can be further discussed in RAN2. While some detailed description in LS needs to be further discussed before being sent to RAN2.
	RAN1#112bis-e Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH


Regarding the payload of information carrying the repetition request or capability report, from our perspective, if it is confirmed UE requests repetition or reports capability based on the configured RSRP threshold, then one single bit information can be assumed to indicate UE need to transmit PUCCH repetition for Msg4 HARQ-ACK or UE has the capability to perform repetition. 
Considering the issue on whether the repetition factor indicated by UE can be supported, we think it is gNB’s responsibility to determine whether and how the UE performs PUCCH repetition for Msg4 HARQ-ACK after the UE requests repetition or reports capability. The gNB is also aware of the UL channel condition more clearly since paired spectrum is applied in the NTN system. Besides, UE indicating repetition factor may also needs more signalling to report different number of repetitions, the increased payload should also be avoided considering the NTN UE is more likely suffered from a bad channel condition. Thus, indication of repetition factor seems unnecessary for requesting PUCCH repetition for Msg4 HARQ-ACK.
Proposal 2. For PUCCH repetition for Msg4 HARQ-ACK, one bit information of the higher layer signaling in Msg3 PUSCH for UE to indicate repetition request or capability report can be considered, the feasibility and detailed signalling can be discussed in RAN2.
2.1.3 Dynamic indication/configuration by gNB
It is supported that one or multiple repetition factors are configured via SIB, and PUCCH repetition for Msg4 HARQ-ACK can be determined and dynamically indicated by gNB. One key issue needs to be further discussed is how gNB indicates the information of PUCCH repetition, reusing one or two bits of the existing field(s) in the DCI scheduling Msg4 PDSCH to indicate repetition factor from gNB has been agreed in the last RAN1 meeting, and the following alternatives of reusing existing DCI fields can be further discussed and down-selected.
	RAN1#112bis-e Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field(s)
· 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


Considering the above DCI fields that might be reused/reinterpreted to indicate the number of PUCCH repetition for Msg4 HARQ-ACK in the existing DCI format 1_0 scheduling the Msg4 PDSCH. We think it is straightforward to reinterpret two bits information of one single DCI field considering at most 4 candidate values can be configured via SIB. 
In the Rel-17 Msg3 repetition mechanism, part of the MCS bit field in RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI is repurposed for indicating Msg3 repetition factor. To avoid significant payload increasing and DCI format spec impact, similar design spirit could be reused, the 2 MSB of MCS field in the DCI format 1_0 scheduling Msg4 PDSCH can be re-interpreted to indicate repetition factor for Msg4 HARQ-ACK, and the 3 LSB of MCS field are still used to indicate modulation order and target code rate for PDSCH as legacy manner.
Proposal 3. For PUCCH repetition for Msg4 HARQ-ACK, support reinterpreting the 2 MSB of MCS field in DCI format 1_0 scheduling the Msg4 PDSCH to indicate PUCCH repetition factor by gNB. 
For the PUCCH repetition for Msg4 HARQ-ACK in NTN, the repetition factor 2, 4, 8 are acceptable according to the conclusion achieved in the RAN1#110bis-e meeting. One remaining issue is the configuration/indication of the repetition factor for the single PUCCH transmission. For the case when only one repetition factor is configured by SIB, there is no need to configure “1” repetition factor for PUCCH repetition for Msg4 HARQ-ACK as agreed in the last meeting. While for the case when multiple repetition factors are configured in SIB, whether/how single PUCCH transmission can be configured and/or indicated needs to be further discussed. 
	RAN1#110bis-e Agreement
For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
· FFS: whether/how single PUCCH transmission can be configured and/or indicated
RAN1#112bis-e Agreement
For PUCCH repetition for Msg4 HARQ-ACK, candidate values of only one repetition factor configuration via SIB are {2, 4, 8}.
· i.e., configuration of only ‘1’ is not supported.


From our perspective, the same issue has been discussed in Rel-17 Msg3 repetition enhancement, and this issue is also related to the indicator mechanism. Depending on whether the indication bit field is limited, repetition factor "1” and larger number more than 8 may be supported in different ways. Considering the procedure that more than one repetition factors are configured via SIB, after UE requests repetition/indicates repetition capability, it may assume that the repurposed bit field would be given. In this case, the single PUCCH transmission should be indicated by the same way as repetition factor does. If larger number of repetition factor need to be supported, the payload of configuration and indication should be studied first, because this is the coverage-limited scenario.
Considering the UE behavior when repetition factor is not configured via SIB, we think it is straightforward to perform single PUCCH repetition by UE following the legacy UE behaviour.
Proposal 4. If no larger number of PUCCH transmission is needed, when multiple repetition factors are configured via SIB, single PUCCH transmission can be indicated by the same way as repetition factor does.
Proposal 5. For PUCCH repetition for Msg4 HARQ-ACK, when repetition factor is not configured via SIB, UE perform single PUCCH transmission as legacy behavior.
2.2 DMRS bundling
It is important to study and clarify the necessity as well as issues to apply DMRS bundling in NTN scenarios, especially for fast time-variant channel. The observation and conclusions of PUSCH DMRS bundling during previous RAN1 meetings are shown as below.
	RAN1#112 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 assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation 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.
· FFS: impact of phase difference limit
RAN1#112bis-e 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:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5 (us/s) timing drift rate is assumed.
· Note: this does not imply that UE shall be scheduled within 6 PRBs from the DC carrier.
RAN1#112bis-e Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4


Considering NTN is a FDD system which has consecutive slots, more opportunities can be expected for DMRS bundling. The main challenge for DMRS bundling in NTN scenarios is whether the channel correlation can be ensured between slots for fast time-variant channel with large time and frequency shift, which need more discussion.  
According to the above observations and conclusions, the timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots and phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger) if pre-compensation by UE and post-compensation by gNB are not assumed. Since the phase discontinuity due to applying TA pre-compensation may be very significant for large UL bandwidth, one main issue is how to handle the impact on DMRS bundling in NTN LEO scenarios considering the time and frequency pre-compensation. It is assumed that UE will not perform TA pre-compensation within an actual TDW if it causes phase discontinuity.  Therefore, the determination of actual TDW size need to be reconsidered by taking NTN-specific requirements into consideration.
The issue on how to determine the nominal/actual TDW for NTN-specific PUSCH DMRS bundling has been discussed during previous meetings, and gNB-centric TDW determination was achieved in the last meeting, the details on determining  actual TDW needs to be further discussed.  
	RAN1#112bis-e Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration.
· Actual TDW is determined based on gNB configuration/indication.
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
· FFS: details, including UE capability and assistance information reporting


For the TDW determination of NTN-specific PUSCH DMRS bundling, we think nominal TDW can be determined based on gNB configuration as the existing specification. For actual TDW determination, from our understanding, a UE self-estimates TA to pre-compensate for the service link delay, which is calculated based on the UE position and the serving satellite ephemeris, may be transparent for gNB and unpredictable. Therefore, the feasibility of UE reporting the timing related information of UE pre-compensation is not clear. In this case, the capability on the maximum time duration of maintaining phase continuity and power consistency can be reported from UE, which help gNB to determine the actual TDW more appropriately.
Proposal 6. For NTN-specific PUSCH DMRS bundling, nominal TDW is configured by gNB as in the existing specification, actual TDW can be determined based on the capability of maintaining phase continuity and power consistency reported from UE.
3. Conclusions
[bookmark: _GoBack]In this contribution, we share our views on some issues on coverage enhancement to NTN scenarios. The proposals are summarized as follows:
Proposal 1. 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.
· If the 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 Msg4 HARQ-ACK.
· The value of X (the maximum configurable value of the RSRP threshold) is the infinity value, e.g., RSRP-Range = 127.
· For PUCCH repetition request for Msg4 HARQ-ACK, different RSRP threshold from R17 Msg3 repetition can be configured.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report.
Proposal 2. For PUCCH repetition for Msg4 HARQ-ACK, one bit information of the higher layer signaling in Msg3 PUSCH for UE to indicate repetition request or capability report can be considered, the feasibility and detailed signalling can be discussed in RAN2.
Proposal 3. For PUCCH repetition for Msg4 HARQ-ACK, support reinterpreting the 2 MSB of MCS field in DCI format 1_0 scheduling the Msg4 PDSCH to indicate PUCCH repetition factor by gNB. 
Proposal 4. If no larger number of PUCCH transmission is needed, when multiple repetition factors are configured via SIB, single PUCCH transmission can be indicated by the same way as repetition factor does.
Proposal 5. For PUCCH repetition for Msg4 HARQ-ACK, when repetition factor is not configured via SIB, UE perform single PUCCH transmission as legacy behavior.
Proposal 6. For NTN-specific PUSCH DMRS bundling, nominal TDW is configured by gNB as in the existing specification, actual TDW can be determined based on the capability of maintaining phase continuity and power consistency reported from UE.
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