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1. Introduction
According to the WID [1], the following objectives are listed to be specified in Rel-17 NTN.
	Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode



Also, at the RAN1#102-e meeting, the following was agreed [2].  
	[bookmark: _Hlk49429056]Agreement:
· Introduce K_offset to enhance the following timing relationships: 
0. The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
0. The transmission timing of RAR grant scheduled PUSCH.
0. The transmission timing of HARQ-ACK on PUCCH.
0. The CSI reference resource timing.
0. The transmission timing of aperiodic SRS.
1. Note: Additional timing relationships that require K_offset of the same or different values can be further identified.

[bookmark: _Hlk49428996]Agreement:
For Koffset used in initial access, the information of Koffset is carried in system information. 
· FFS implicit and/or explicit signaling of Koffset in system information.
· FFS a cell specific Koffset value used in all beams of a cell and/or each beam in a cell uses a beam-specific Koffset value.
· FFS whether/how to update Koffset after initial access.



In this document, we discuss on timing relationship enhancements for NTN. 

2. Discussion on Timing relationship
2.1. On the signaling of  in initial access
As organized in feature lead summary on timing relationship enhancements [3], a total of 7 options were discussed regarding  in initial access. Compared to options using TA, we consider it is a simple way to broadcast  per cell or per beam in the initial access stage. Specifically, the value of  equal to UE specific TA may not work unless TA reporting is supported. Besides, it seems suitable to configure  independently of TA to consider flexibility about TA mechanisms. 
As agreed in [2], for the transmission timing of RAR grant scheduled PUSCH (i.e. Msg3), the slot allocated for the PUSCH is determined by  in addition to K2 and Δ. To achieve this, we consider that  should be signaled before Msg3 and the following options can be considered as in which system information the  should be sent.
· Option 1:  is signaled in MIB.
· Option 2:  is signaled in SIB1.
· Option 3:  is signalled in SIB following SIB1.
Since MIB has only 1 bit left in the current NR specification, it is necessary to recreate MIB for NTN to realize option 1. We cannot find the benefits of signaling  in MIB compared to options 2 and 3. Option 2 is a reasonable option because SIB1 is received before Msg3 transmission and resources are surplus compared to MIB. SIB1 can be scheduled in the same way as PDSCH. Option 3 is also reasonable when SIB1 resources are insufficient. According to TS 38.331[4], if the concerned SI message was not received in the current modification period, handling of SI message acquisition is left to UE implementation. Therefore, if it is clear that  is included SIB following SIB1, it is natural for the NTN UE to receive it before starting random access.
Proposal 1:  is signaled in SIB1 or in SIB following SIB1.

When considering beam-specific , it is necessary to clarify the relationship between the satellite beam and the terrestrial cell. As shown in Figure 1, the NW implementation can choose whether (a) one satellite beam to one terrestrial SSB or (b) mapping one satellite beam to one terrestrial cell. In the implementation of (a), if the  is carried via SIB, the definition of the NR cell may change unless SIB notifies all  for each SSB. Moreover, the idea of notifying all  for each SSB in the SIB is not preferred from payload perspective. 
At least SIB1 is cell-specific in current NR because if SIB1 is beam-specific, UE has to reread SIB1 every time the UE moves the SSB beam, which becomes a problem in the initial access. It is unclear if there is any merit in the implementation of (a) by changing the definition of NR cell. An example of a possible benefit might be that cell size in NTN is huge and the appropriate  value for each beam is different, but in that case the cell size should be reconsidered. Also, it may be enough to make fine adjustments with K1/K2 for each UE at the initial access, and then update  to UE-specific if necessary. 
On the other hand, the operation of beam-specific  in system information can be realized easily by the implementation of (b) because the beam-specific  looks cell-specific system information from the terrestrial cell, and there is no need to change the definition of the NR cell. For this reason, we recommend the implementation of (b).

[image: ]
Figure 1 Relationship between the satellite beam and the terrestrial cell

Observation 1: Beam-specific  can be achieved by mapping one satellite beam to one terrestrial cell by NW implementation.
Proposal 2:  in initial access is a cell-specific parameter.

2.2. Relationship of  and K1/K2 in initial access
In NTN initial access, all UEs in the cell/beam can establish consistency of the timing relationship while keeping the existing K1/K2 range for initial access by setting the value of  according to the maximum delay of the cell/beam. For example, when considering the timing relationship for PDCCH (or RAR) to the scheduled PUSCH as shown in Figure 2, NW side sets the value of  to  , where  is the maximum value of round trip time delay in ms and  is the numerology based on uplink subcarrier spacing. By this setting, UE on the farthest side from a satellite can establish consistency because the timing difference between PDCCH and PUSCH at the UE is the same as the K2 range. At this time, for the near side UE from a satellite, though there are slots that cannot be scheduled from PDCCH reception to the PUSCH transmission timing instructed by K2 due to the large , there is no problem from a system perspective because it is possible to schedule other UEs in these slots. The same argument applies to K1. 
Observation 2: In NTN initial access, all UEs in the cell/beam can establish consistency of the timing relationship while keeping the existing K1/K2 range by setting the value of  according to the maximum delay of the cell/beam.  


[image: ]

Figure 2 Timing relationship for PDCCH to the scheduled PUSCH in initial access

On the other hand, when  is set to the average RTD in the cell/beam as an example instead of the value tailored to the farthest UE, K1/K2 needs to be significantly expanded due to the large cell size. The maximum satellite beam size can be up to 3500 km for GEO and 1000 km for LEO, resulting in up to for LEO maximum differential delay within a satellite beam [5]. As shown in Figure 3, even with one beam mapped to one cell, the maximum RTT value difference between UEs in the same cell is up to 20.6 ms for GEO and 6.4 ms for LEO. This difference causes cases where the current K1 and/or K2 values are not sufficient. 
· 20.6 ms is equivalent to 20.6 / 51.2 / 102.4 / 204.8 slots for SCS 15 / 30 / 60 / 120 kHz, respectively.
· 6.4 ms is equivalent to 6.4 / 12.8 / 25.6 / 51.2 slots for SCS 15 / 30 / 60 / 120 kHz, respectively.
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Figure 3 Illustration of differential delay within a cell/beam for transparent satellite

Due to such a large differential delay, when the  is set to the mean value within the same cell/beam, it is necessary to expand the K1 and/or K2 values. In the current NR specification, K1 is up to 8 slots in DCI format 1_0, and K2 is similar range, which is determined in DCI format 0_0 from Table 6.1.2.1.1-2 in TS 38.214 for PUSCH scheduled by RAR (e.g., 3 to 6 for 15kHz SCS) [6]. Therefore, in this case, both GEO and LEO scenarios may require K1/K2 expansion according to the cell/beam size. If it corresponds to the worst case, K1/K2 needs to be expanded up to  taking into account the scenario of GEO with 120kHz SCS. 
Observation 3: In NTN initial access, when  is set to the average RTD in the cell/beam as an example instead of the value tailored to the farthest UE, K1/K2 needs to be significantly expanded due to the large cell size. 
Proposal 3: Support the value of  in initial access which corresponds to the largest delay in the cell.


2.3. Updating  and/or extending K1/K2 after initial access
When  is set according to the maximum cell/beam delay in initial access, there remain issues on e.g. scheduling efficiency, latency performance, and HARQ process management, as  is uselessly large for the near side UE from a satellite. For these issues, it is effective to change to UE-specific  via RRC signaling, MAC CE, or PHY after RRC connection setup. Besides, extending K1/K2 range and providing a set of K1/K2 values optimal for each NTN UE are also possible options to solve the above issues. Whether to update , extend K1/K2, or both can be FFS. In any case, the motivation would be the same in our understanding; therefore it is important to consider whether to update  and/or K1/K2 together after RRC connection setup. 
Observation 4: After RRC connection setup, there remain issues (e.g. scheduling efficiency) as   determined in initial access is uselessly large for the near side UE from a satellite, and updating  to UE-specific and/or extending K1/K2 are possible options to solve these issues.

3. Conclusion
In this contribution, we discuss timing relationship enhancements for NTN. Based on the discussion we made following observations and proposals. 
Observation 1: It seems that beam-specific  can achieve mapping one satellite beam to one terrestrial cell by NW implementation.
Observation 2: In NTN initial access, all UEs in the cell/beam can establish consistency of the timing relationship while keeping the existing K1/K2 range by setting the value of  according to the maximum delay of the cell/beam.
Observation 3: In NTN initial access, when  is set to the average RTD in the cell/beam as an example instead of the value tailored to the farthest UE, K1/K2 needs to be significantly expanded due to the large cell size. 
Observation 4: After RRC connection setup, there remain issues (e.g. scheduling efficiency) as   determined in initial access is uselessly large for the near side UE from a satellite, and updating  to UE-specific and/or extending K1/K2 are possible options to solve these issues. 
Proposal 1:  is signaled in SIB1 or in SIB following SIB1. 
Proposal 2:  in initial access is a cell-specific parameter.
[bookmark: _GoBack]Proposal 3: Support the value of  in initial access which corresponds to the largest delay in the cell.
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