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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, which was revised in RAN#97 meeting according to the RAN1 observation and evaluation [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.
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 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.

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 study and share our views on coverage enhancement schemes for NTN scenarios, including PUCCH enhancements for Msg4 HARQ-ACK and consideration of DMRS bundling in NTN.
2. Discussion
2.1 PUCCH enhancement for Msg4 HARQ-ACK
According to the previous evaluation result, it can be observed that with parameter set-1 for LEO-1200 satellite operating at LOS, enhancement schemes need to be further studied for PUCCH for Msg4 HARQ-ACK to meet the service data rate requirement. The corresponding conclusion of PUCCH Msg4 HARQ-ACK in NTN scenario is shown as below [2].
	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.


PUCCH repetition is supported in legacy spec. The numbers of PUCCH repetition are configured per PUCCH format, in BWP-UplinkDedicated->PUCCH-Config->PUCCH-FormatConfig->nrofSlots, and it is only applicable for PUCCH format 1, format 3 and format 4. In Rel-17, CE WI has studied and specified dynamic indication for PUCCH repetition, by configuring associated repetition factor with PUCCH resource. This mechanism is based on the RRC signalling, which means it cannot be used before RRC connection. While Msg4 HARQ-ACK uses PUCCH resource configured in pucch-ResourceCommon in SIB1->Initial BWP->PUCCH-ConfigCommon, and this IE is a common resource set, therefore it is difficult to modify.
Two options could be considered to enable the PUCCH repetitions for Msg4 HARQ-ACK in NTN scenarios. Same mechanism for Msg3 repetition in Rel-17 can be reused in this scenario. UE requests Msg4 HARQ-ACK repetition in Msg1 by using a specific preamble when measured SSB-RSRP meets the threshold, and then Msg2 carries the indication by reinterpreted bit field in RAR UL Grant. Considering UL coverage limitation happens in both Msg3 and Msg4 HARQ-ACK, a joint repetition indication can also be discussed.
Proposal 1: Enabling PUCCH repetitions can be supported in NTN, two options can be discussed.
· Option 1: Reuse mechanism for Msg3 repetition.
· Option 2: A joint indication for both Msg3 and Msg4 HARQ-ACK repetitions.
2.2 DMRS bundling
Another key issue is whether DMRS bundling for PUSCH can be supported to meet the coverage performance, in addition to considering the deployment scenarios and services requirements, the evaluation of PUSCH with DMRS bundling should also takes NTN characteristics into accounts. Thus, it is important to study and clarify the issues and possibility to apply DMRS bundling in NTN scenarios, especially for fast time-variant channel. The observations of PUSCH for VoIP reached in last RAN1 meeting are as following, whether DMRS bundling is considered in simulation is not unified yet.
	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.


NTN is a FDD system which has consecutive slots, so more opportunities can be expected for DMRS bundling. From Rel-17 CE observation, merging more slots to perform joint channel estimation may have a better gain. The main challenge for DMRS bundling in NTN is whether the channel correlation can be ensured between slots for fast time-variant channel, which need more simulation and discussion.
Proposal 2: Study whether DMRS bundling can be used in NTN fast time-variant channel.
Another main issue is whether DMRS bundling can be supported in NTN LEO scenarios considering the time and frequency pre-compensation. Several agreements were achieved on time and frequency pre-compensation in Rel-17 NTN as below [3].
	Time pre-compensation
RAN1#104-e Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control
Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
FFS: Details of the combination of open and closed loop TA control
RAN1#106 b-e Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information
RAN1#107-e Agreement
A single validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB.
Conclusion
is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris. 
· How the UE calculates/updates NTA, UE-specific is left to UE implementation.

Frequency pre-compensation
RAN1#103-e Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
104-e Conclusion:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· FFS: support of DL frequency compensation for the service link Doppler.




[bookmark: _GoBack]Considering the impact of time and frequency pre-compensation, it should be regarded as a event which cause power consistency and phase continuity not to be maintained when the UE changes its time and/or frequency pre-compensation. A UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris, may be transparent for gNB. In this case, gNB and UE may have misunderstanding about the actual TDW. To solve this problem, UE may have the restriction of only change its self-estimated TA in between two actual TDWs. Depending on how frequent UE would perform self-estimated TA pre-compensate adjustment, the priority between the time pre-compensation and DMRS bundling should be discussed. The same issue also apply to the frequency pre-compensation.

Proposal 3: Study the restriction and influence between DMRS bundling and time and frequency pre-compensation.
3. Conclusions
In this contribution, we share our views on some issues on coverage enhancement to NTN scenarios. The observations and proposals are summarized as follows:
Proposal 1: Enabling PUCCH repetitions can be supported in NTN, two options can be discussed.
· Option 1: Reuse mechanism for Msg3 repetition.
· Option 2: A joint indication for both Msg3 and Msg4 HARQ-ACK repetitions.
Proposal 2: Study whether DMRS bundling can be used in NTN fast time-variant channel.
Proposal 3: Study the restriction and influence between DMRS bundling and time and frequency pre-compensation.
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