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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#103e, the agreements related to timing relationship in NTN is as following:
[bookmark: _Hlk56149827]Agreement:
Introduce K_offset (may or may not be the same as the K_offset value in other timing relationships) to enhance the timing relationship of HARQ-ACK on PUCCH to MsgB.

Agreement:
· For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.
· FFS: Beam specific K_offset configured in system information and used in initial access.

Working Assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.

Conclusion:
The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH.

Agreement:
Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.

In this contribution, we discuss the issues related to signaling of K_offset, start of Msg2/MsgB RAR window and PDCCH ordered PRACH.
2 Discussion
2.1 Signaling of K_offset
It is already agreed to support cell specific K_offset configuration for initial access. As the cell specific K_offset is corresponding to the RTT of the cell edge UE, the scheduling efficiency of other UEs will be impacted. There are proposals to update the K_offset after initial access, and there are 5 options listed per FL summary in last meeting:
· Option 1: RRC configuration
· Option 2: MAC CE
· Option 3: Group common DCI
· Option 4: Signaling multiple K_offset values in a non-UE specific way which are used to update the UE applied value over time
· Option 5: UE updates the value of K_offset based on predefined rules

To improve the system efficiency, UE specific timing offset between DL reception and UL transmission which corresponds to UE specific RTT should be used for scheduling. There can be a single step to update the timing offset from cell specific to UE specific. However, the range of UE specific timing offset is large, so the number of bits for a single indication will be large.  And the UE specific timing offset will change from time to time due to movement of satellite, so there will be frequent indication. So the single-step indication will lead to large signaling overhead. 
Another approach is a two-step approach to update the timing offset between DL reception and UL transmission from cell specific to UE specific:
· Step 1: Update the cell specific K_offset to beam specific K_offset by indicating the difference between them; 
· Step 2: Update the timing offset between DL reception and UL transmission to be UE specific by extension of K1/K2 range. 
In step 1, the cell coverage area can be divided into several beam specific coverage area, and a UE can be indicated the difference between beam specific K_offset and cell-specific K_offset by RRC, MAC CE or group common DCI. In step 2, scheduling DCI can be used to indicate the extended K1/K2 range. The number of bits for indication of K1/ K2 can be increased, or the interpretation can be changed with a larger step size and without signaling overhead increase. 
Proposal 1: Support beam specific K_offset indication by RRC, MAC CE or group common DCI.
Proposal 2: Support extension of K1 and K2 range, and whether to increase the number of bits in scheduling DCI can be further discussed.
2.2 Start of Msg2/MsgB RAR window
There are also discussion on the time offset between PRACH transmission and start of Msg2/MsgB RAR window, and there are different interpretations listed per FL summary in last meeting. The discussion point is whether an additional offset should be added between Msg1/MsgA and Msg2/MsgB.
From our perspective, the PRACH transmission is corresponding to UL timing, and the reception of Msg2/MsgB RAR is corresponding to DL timing. In legacy NR, there is no TA pre-compensation for PRACH transmission, so the offset between UL timing and DL timing is only N_offset, which is rather small. The RTT in legacy NR is also small, so one symbol offset between Msg1/MsgA and Msg2/MsgB is enough. In NTN network, if TA is pre-compensated for PRACH transmission based on GNSS, then an additional offset corresponding to RTT between UE and satellite is already added between PRACH and RAR. And if the TA also includes the cell specific common timing offset, then an offset corresponding to the RTT between the satellite and the reference point is also added. The reference point is where DL and UL frame are aligned. So no additional offset is necessary. If in further NTN network, TA can’t be pre-compensated due to lack of GNSS, additional offset corresponding to RTT between UE and satellite is necessary.
Observation 1: The timing for Msg1/MsgA transmission is UL timing, and the timing for RAR reception is DL timing.
Proposal 3: If TA is pre-compensated for Msg1/MsgA transmission, NO additional offset between Msg1/MsgA and RAR is necessary if the RAR reception is based on DL reception timing at UE side.
2.3 PDCCH ordered PRACH
There is also discussion in last meeting regarding whether an offset is necessary between PDCCH order and corresponding PRACH transmission. The current specification says “determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB”. From our perspective, as there is “available” in the description, so if one RO after TA application is before PDCCH order reception, it is considered to be non-available, so the current specification can work. 
[bookmark: OLE_LINK2]Proposal 4: There is no necessity to add an additional offset between PDCCH order and corresponding PRACH.
3 Conclusion
In this contribution, we discussed the issues related to NTN timing relationship, and our proposals are as following:
Proposal 1: Support beam specific K_offset indication by RRC, MAC CE or group common DCI.
Proposal 2: Support extension of K1 and K2 range, and whether to increase the number of bits in scheduling DCI can be further discussed.
Observation 1: The timing for Msg1/MsgA transmission is UL timing, and the timing for RAR reception is DL timing.
Proposal 3: If TA is pre-compensated for Msg1/MsgA transmission, NO additional offset between Msg1/MsgA and RAR is necessary if the RAR reception is based on DL reception timing at UE side.
Proposal 4: There is no necessity to add an additional offset between PDCCH order and corresponding PRACH.
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