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1. Introduction
In the last meeting, the following agreements were made for NR NTN enhancement WI as in [1]:
	Agreement
For NR NTN coverage enhancement, the following channels/signals can be evaluated.
· PUSCH for VoIP
· PUSCH for low data rate service
· PUCCH format 1 with 2 bits 
· PUCCH format 3 with 11 bits 
· PRACH format 0
· PRACH format 2
· PRACH format B4 
· PUSCH Msg.3
· PUCCH for Msg.4 HARQ-ACK 
· SSB
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2 
· PDSCH Msg.4
· PDCCH
· Broadcast PDCCH (PDCCH of Msg.2) 

Agreement
Coverage performance in NR NTN is evaluated according to the following steps.
· Step 1: CNR is calculated as defined in 6.1.3.1 of TR38.821
· For polarization loss,
· 3 dB polarization loss is assumed as baseline, and companies are encouraged to report the value and corresponding justification if other value is used
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared

Agreement
Evaluate coverage performance for the following UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration.

	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1 TX, 2TX (optional) / 2 RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	[X] dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	[X] dBi per element


· X = -5 as working assumption
· Send an LS to RAN4 to ask whether above antenna gain is valid and if invalid, appropriate value.



In this contribution, we discuss on the potential enhancement and specification impact for Rel-18 NR NTN enhancement.

2. Discussion
Evaluation of coverage performance 
· Candidate physical channels for the evaluation
In the last meeting, a number of channels/signals are listed to be evaluated. For target channel of coverage enhancement, we can refer to evaluation result of Rel-17 CE. 
During Rel-17 CE evaluation, unicast PDCCH was the most relaxed channel in terms of coverage performance. Though the evaluation was conducted with different assumption, it could be assumed there would be no bottleneck to support unicast PDCCH in NTN environment unless other DL channel can be supported. Thus, we propose following:
Proposal 1. Unicast PDCCH should be de-prioritized from candidate physical radio channels for the NTN CE.

· Consideration on Rel-17 CE techniques in terms of the evaluation
One purpose of the CE evaluation for NTN is whether to introduce Rel-17 CE techniques to NTN environment. In this point of view, Rel-17 CE techniques can be considered as a baseline scheme for evaluation assumption. For example, the PUSCH/PUCCH repetitions and TB over multiple slots (TBoMS) can be considered as potential solutions. In terms of repetition, it may be necessary to consider larger number (e.g., 32), in order to find proper number of repetitions. For efficient evaluation, the number of case should be limited to few combinations between the number of repetition and the number of allocated slots for TBoMS. Since NTN considers FDD mainly, it may not be necessary to consider available slot counting. 

Proposal 2. Consider Rel-17 CE techniques (e.g., repetition, TBoMS) as a baseline scheme.

Potential enhancement points
From companies’ contributions in the last meeting, there are a lot of potential techniques provided. We would like to share our views on the potential enhancement techniques and propose possible solutions.  
· Repetition for NTN coverage enhancement
Considering NTN environment, repetition would be necessary to ensure coverage and link reliability. However, the number of repetition should be limited for latency-sensitive service like VoIP. In the last meeting, the maximum number of repetition has been agreed as 32 times for evaluation purpose. 
Considering TBoMS, 32 repetitions could be 4 of allocated slot. In our view, if 8 or 4 allocated slot is used for NTN, incremental redundancy has almost no impact since all of allocated slots could convey all of coded bits. 
Observation: If TBoMS is considered, incremental redundancy patterns and combination MCS and the number of repetition would have less impact on coverage performance.
On the other hand, it is possible to discuss whether to support the DMRS bundling of repeated transmission in Rel-18 NTN for joint channel estimation. In order to perform the joint channel estimation at the network, the UE should transmit the UL signal/channel to a fixed UL TA value (i.e., Total TA including the UE specific TA and common TA). But, in NTN system, especially for LEO case, since UL TA value depends heavily on the movement of the satellite, the UE behavior of maintaining the UL TA during UL transmission may be undesirable. Therefore, it seems necessary to discuss whether to support the DMRS bundling in Rel-18 NTN for joint channel estimation.

Proposal 3. It is necessary to discuss whether to support the DMRS bundling in Rel-18 NTN for joint channel estimation.

· Initial access procedure (PRACH preamble and/or Msg. 3 PUSCH)
In Rel-17 CE study item phase, it was proposed that the coverage enhancement for UL signal/channel in initial access procedure is necessary. Therefore, both PRACH preamble repetition and Msg. 3 PUSCH repetition were considered in this phase. However, due to lack of discussion time, repeated transmission of Msg. 3 PUSCH, which had a high priority, was preferentially introduced in Rel-17 CE work item phase, and repeated transmission of PRACH preamble, which had a low priority, will be additionally introduced in Rel-18 CE work item phase.
Regarding this point, it may be suggested that repeated transmission of Msg. 3 PUSCH should be introduced to Rel-18 NTN preferentially, since this feature has already introduced in Rel-17 CE for initial access procedure. However, we think that there is no reason that Rel-18 NTN cannot simultaneously introduce repeated transmission of PRACH preamble, which are scheduled to be introduced in Rel-18 CE. Furthermore, simultaneous discussion of PRACH preamble repetition and Msg. 3 PUSCH repetition on Rel-18 NTN can be a good way to efficiently use insufficient discussion time. For these reasons, it can be desirable to consider introducing both PRACH preamble repetition and Msg. 3 PUSCH repetition in Rel-18 NTN. 

Proposal 4. It can be desirable to consider introducing both PRACH preamble repetition and Msg. 3 PUSCH repetition in Rel-18 NTN.

We believe that repeated transmission of Msg. 3 PUSCH introduced in Rel-17 CE can be supported in Rel-18 NTN only with minor specification changes. However, since repeated transmission of PRACH preamble is not supported in NR, it would be necessary to consider the following discussion points to support PRACH preamble repetition.
First of all, it is necessary to determine the maximum repetition number. For example, the maximum repetition number of PRACH preamble can be determined as a similar level of the maximum repetition number of Msg. 3 PUSCH (e.g., 8). Moreover, this repetition number can be provided to the UE via higher layer signalling (e.g., SIB).
Secondly, since the UE can be defined to repeatedly transmit PRACH preamble over multiple ROs, it is necessary to define a reference RO for the UE and network to use the same RA-RNTI value. For example, the last RO among multiple ROs used for PRACH preamble repetition can be defined as a reference RO, and the RA-RNTI would be calculated based on the reference RO.
Lastly, it is necessary to define additional UE behaviour for determining starting point of the RAR window. In this case, similar to the previous example, starting point of RAR window may be determined by UE based on the last RO among multiple ROs used for PRACH preamble repetition.

Proposal 5. If repeated transmission of PRACH preamble is supported in Rel-18 NTN, RAN1 should consider to discuss at least followings
· Maximum repetition number
· RA-RNTI
· RAR window starting point

In NTN environment, different types of UE (e.g., Handheld, VST, ESIM, etc) are considered. Those UEs would have different UE power class, which means the maximum UE transmit power would different UE by UE. In the RRC-connected state, it may not be an issue since gNB would know UE power headroom and can schedule and power control for those UE. However, it would be an issue during initial access, since a number of UE could be collide in the same RACH occasion with different transmit power capabilities. To mitigate the issue especially for handheld UE like smartphone, it could be considered for gNB to configure set of preamble index or RACH occasion group for different type of UEs. 
Proposal 6. For NTN coverage enhancement, it should be considered to configure exclusive RACH occasion for low power class UE suffering high path loss. 

· The open loop TA enhancement for NTN
In case when it is necessary to modify the open loop TA (e.g., UE specific TA and/or common TA) during repeated transmission of UL signal/channel, one of the following solutions may be considered. First of all, the UL segment introduced in Rel-17 IoT NTN can be considered forRel-18 NTN. If it is supported, the UE can change the open loop TA at UL segment boundary. In addition, it may be considered to support update period of open loop TA, so that UE specific TA and/or common TA can be updated periodically. 

Proposal 7. It is necessary to discuss how to support changing open loop TA (e.g., UE specific TA and/or common TA) during repeated transmission of UL signal/channel in Rel-18 NTN. 

· Polarization loss compensation for NTN
[bookmark: _GoBack]During UL power control, it could be considered to introduce additional power offset based on antenna polarization configuration. If gNB’s antenna polarization is provided to UE, UE can consider gNB’s antenna polarization for UL power control by taking into account of UE’s antenna polarization. By doing so, Polarization loss can be mitigated by increased initial transmit power. It would be beneficial for open-loop power control like PRACH preamble transmission. 
Proposal 8: If antenna polarization configuration of gNB are provided to UE, It would be necessary to discuss how to consider the antenna polarization for open-loop UL power control. 
3. Conclusion
In this contribution, we discussed on the evaluation methodology and potential specification impact for NR NTN enhancement. Based on the above discussion, we have following proposals.
Proposal 1. Unicast PDCCH should be de-prioritized from candidate physical radio channels for the NTN CE.

Proposal 2. Consider Rel-17 CE techniques (e.g., repetition, TBoMS) as a baseline scheme.

Proposal 3. It is necessary to discuss whether to support the DMRS bundling in Rel-18 NTN for joint channel estimation.

Proposal 4. It can be desirable to consider introducing both PRACH preamble repetition and Msg. 3 PUSCH repetition in Rel-18 NTN.

Observation: If TBoMS is considered, incremental redundancy patterns and combination MCS and the number of repetition would have less impact on coverage performance.
Proposal 5. If repeated transmission of PRACH preamble is supported in Rel-18 NTN, RAN1 should consider to discuss at least followings
· Maximum repetition number
· RA-RNTI
· RAR window starting point
Proposal 6. For NTN coverage enhancement, it should be considered to configure exclusive RACH occasion for low power class UE suffering high path loss. 
Proposal 7. It is necessary to discuss how to support changing open loop TA (e.g., UE specific TA and/or common TA) during repeated transmission of UL signal/channel in Rel-18 NTN. 
Proposal 8: If antenna polarization configuration of gNB are provided to UE, It would be necessary to discuss how to consider the antenna polarization for open-loop UL power control. 
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