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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 signaling of polarization mode



Also, at the RAN1#105e meeting, the following was agreed [2].  
	Agreement: 
· The UE-specific K_offset can be provided and updated by network with MAC CE.
· FFS: UE can be provided and updated by network with a UE-specific K_offset in RRC reconfiguration
· FFS: Details on whether and how the two solutions work together
Agreement:
For random access procedure initiated by a PDCCH order received in downlink slot , UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH.
· Note: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  , where  is assumed for PDCCH ordered PRACH.
· FFS: Which value of  should be applied
· FFS: Whether the  timing relationship is impacted by UE behavior within or after the validity duration.
Agreement:
The unit of K_offset is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.
Agreement:
The information of K_mac is carried in system information.
Agreement:
The unit of K_mac is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.
Agreement:
In the estimate of UE-gNB RTT, which is equal to the sum of UE’s TA and K_mac, for delaying the starts of ra-ResponseWindow and msgB-ResponseWindow, the UE’s TA is equal to  with .
Agreement:
For defining value range(s) of K_offset, down-select one option from below:
· Option 1: One value range of K_offset covering all scenarios.
· Option 2: Different value ranges of K_offset for different scenarios.



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

2. Discussion on Timing relationship
2.1. On the signaling of K_offset in initial access
To consider whether K_offset should be beam-specific, let us confirm the relationship between SSB beams and contents of SIB in Rel-15/16 TN firstly. It seems that SIB is cell-specific in NR Rel-15/16 and hence contents of SIB are common among SSB beams. Otherwise, i.e., 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 for example.

When considering beam-specific K_offset, it is necessary to clarify the relationship between the satellite SSB beam and the terrestrial cell. As shown in Figure 1, the NW implementation can choose whether (a) mapping one satellite beam to one terrestrial SSB or (b) mapping one satellite beam to one terrestrial cell. In the implementation of (a) (i.e. when making K_offset beam-specific), it is necessary to put K_offset for all SSB beams in SIB in order not to change the above relationship between SSB beams and contents of SIB. This idea is not preferred from a payload perspective. Meanwhile, if gNB puts K_offset only for a part of SSB beams in SIB, the above relationship is broken and many spec efforts would be required to handle initial access. Besides, it is unclear if there is any merit in the implementation of (a) going so far as changing the relationship between SSB beams and contents of SIB. If it is claimed that a benefit is lower scheduling latency in initial access since the appropriate K_offset value for each beam is different in NTN, we consider there is no motivation to optimize the access latency in the initial access stage. 

On the other hand, the operation of beam-specific K_offset in system information can be realized easily by the implementation of (b) because the beam-specific K_offset looks cell-specific system information from the terrestrial cell, and the relationship between SSB beams and contents of SIB is maintained in NTN as well. For these reasons, we believe that beam-specific K_offset is unnecessary for initial access.
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Observation 1: Beam-specific K_offset can be achieved by mapping one satellite beam to one terrestrial cell by NW implementation.
Proposal 1: K_offset in initial access is a cell-specific parameter. Beam-specific K_offset is not supported.

2.2. Updating K_offset after initial access
It was agreed to update the K_offset after initial access with MAC-CE and updating in RRC reconfiguration is FFS. Considering the required update interval of K_offset, RRC reconfiguration may be sufficient for GEO since it is assumed that the update interval is not frequent for GEO. On the other hands, MAC-CE can cover the update interval of all scenarios, such as LEO and GEO, so that single indication of updating K_offset with MAC-CE is sufficient.

Proposal 2: Single indication of updating K_offset with MAC-CE is sufficient.

2.3. K_offset value determination
For determination of cell-specific K_offset in system information discussed at the RAN1#104bis-e meeting [3], two options were agreed as described in Section 1, while further down-selection is discussed in this meeting.  

We believe that Option 1 (Signal one offset value for K_offset) is enough because there seems no motivation for this function with separate parameters (i.e. Option 2). We understand that K_offset is sum of feeder link and service link while TA discussion is separate. TA is compensated per link, so parameter is separate. 

Though there is a claim that Option 2 can reduce overhead by deciding the feeder link K_offset based on common TA, we expect little gain from adopting option 2 to reduce overhead since update interval of K_offset is on the order of seconds at the earliest as described in Section 2.2.

Proposal 3: For determination of cell-specific K_offset in system information, signal one offset value for K_offset.

2.4. Value range of K_offset
At the RAN1#106-e meeting, value range of K_offset was discussed and following options were agreed for down-selection.

Option 1: One value range of K_offset covering all scenarios.
Option 2: Different value ranges of K_offset for different scenarios.

Different value ranges of K_offset can be assumed for different scenarios with considering the scenario specific propagation delay. On the other hand, when different value ranges are used, additional information of indicating the scenario is necessary. Therefore, if the indication of the scenario is only used for determination of the value ranges of K_offset, advantage of reducing information bit may be small, thought the signalling mechanism is more complicated. Thus, we conclude following proposal.

Proposal 4: Single value range should be defined for K_offset (Option 1).

2.5. On K1/K2 range extension 
It was agreed to extend the value of K1 from (0..15) to (0..31) for unpaired spectrum at the RAN1#103-e meeting [4]. The extension is beneficial especially to guarantee all 32 HARQ processes’ feedback can be multiplexed in a HARQ-ACK codebook at least for unpaired spectrum.

On the other hand, we believe it is not needed to extend the value of K1 range for paired spectrum because an UL HARQ feedback corresponding to any DL packet can always be transmitted regardless of the length of propagation delay. Specifically, an UL HARQ feedback corresponding to a DL packet received in DL slot "n" can always be transmitted in UL slot "n+ K1 + K_offset". Similarly, an UL grant in DCI received in DL slot "n" can always find a corresponding UL resource at UL slot "n+K2+K_offset" to transmit a packet on PUSCH.

Proposal 5: Keep the K1/K2 range for paired spectrum.

To increase K1 value range for unpaired spectrum, a new RRC parameter (e.g., dl-DataToUL-ACK-r17) should be adopted at least for DCI format 1_1 because it is impossible to change an existing parameter, i.e. dl-DataToUL-ACK and dl-DataToUL-ACK-r16. For DCI format 1_2, further discussion is needed whether the DCI field size should be reduced.

Proposal 6: A new RRC parameter (e.g., dl-DataToUL-ACK-r17) is adopted at least for DCI format 1_1.

Another remaining issue is whether there is a need to increase the field size for K1 indication in DCI. We believe there is no need to change the DCI field size. To explain a reason, let us confirm the advantages and disadvantages of changing the DCI field size. As an example of TDD frame structure, we consider the structure in ATG mentioned by CMCC [5]. As shown in Figure 3, there are two main options whether (a) multiplexing all HARQ-ACK bits on a single PUCCH by using finer K1 value or (b) allowing multiple HARQ-ACK timings and keep the number of bits required for the DCI field. In option (a), while there is an advantage that UL resources can be used effectively, it will be necessary to increase the DCI field size up to 5 bits. On the other hand, in option (b), while there is an advantage that the DCI field size can be the existing 3 bits, the efficiency of UL resources is reduced. According to the discussion of paired spectrum in RAN1 #104e and RAN1#104bis-e, it seems RAN1 do not strive to support multiplexing all HARQ-ACK bits on a single PUCCH while beneficial from perspective of resource efficiency and power saving. Following the flow of this discussion, we prefer option (b) to option (a).

Proposal 7: Keep the field size for K1 indication in DCI.
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Figure 3. Examples of K1 indication

2.6. UE specific TA pre-compensation
At the RAN1#106-e meeting, UE reporting of information about the UE specific TA pre-compensation was discussed. For the content of the reporting information, TA related information, e.g. UE specific TA, is sufficient, and full TA is not necessary since gNB has TA related information except updating UE specific TA. Regarding the frequency of the report, event triggered, e.g. the timing when UE update UE specific TA, is sufficient, since UE can trigger the reporting as it updates the UE specific TA. And we also take RAN2 agreement [6], such as event-triggers for reporting on the information about UE specific TA in connected mode, into account. Thus, we conclude following proposal.

Proposal 8: UE specific TA should be reported with triggered by events.

3. Conclusion
In this contribution, we discuss timing relationship enhancements for NTN. Based on the discussion we made following observations and proposals. 
Observation 1: Beam-specific K_offset can be achieved by mapping one satellite beam to one terrestrial cell by NW implementation.
Proposal 1: K_offset in initial access is a cell-specific parameter. Beam-specific K_offset is not supported.
Proposal 2: Single indication of updating K_offset with MAC-CE is sufficient.
Proposal 3: For determination of cell-specific K_offset in system information, signal one offset value for K_offset.
Proposal 4: Single value range should be defined for K_offset (Option 1).
Proposal 5: Keep the K1/K2 range for paired spectrum. 
Proposal 6: A new RRC parameter (e.g., dl-DataToUL-ACK-r17) is adopted at least for DCI format 1_1. 
Proposal 7: Keep the field size for K1 indication in DCI. 
Proposal 8: UE specific TA should be reported with triggered by events.
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