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Introduction
In this contribution, we share our views on timing relationship enhancements for NR NTN.

K_offset in initial access 
In RAN 102e meeting, it was agreed that the information of K_offset used in initial access is carried in system information [1].
	[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.


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]As we know, the main motivation of introducing K_offset is to handle the offset between the UE’s DL and UL frame timing in NTN. Based on implicit signaling of K_offset in system information, e.g., K_offset is equal to UE specific TA or K_offset is derived based on ra-ResponseWindow and an offset for the start of the ra-ResponseWindow in system information, UE cannot determine a suitable value of K_offset. In our view, implicit signaling of K_offset in system information will restrict configuration flexibility and its benefit is not clear. Explicit signaling of K_offset used in initial access in system information should be considered.
Proposal 1: Explicit signaling of K_offset used in initial access in system information should be considered.

In RAN1#103e, it was agreed that at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported. Beam specific K_offset configured in system information and used in initial access is FFS [2].
	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.



Since a cell in the NTN scenario may contain multiple beams and the coverage area of the cell is relatively large, the cell-specific value of K_offset configuration will bring more serious end-to-end latency. In our view, beam-specific values of K_offset configuration can achieve a good trade-off between end-to-end latency and signaling overhead. Since the association between SSB, BWP and beam is unclear, how beam-specific values of K_offset will be signaled, in one cell-specific SIB or separate beam-specific SIBs and which SIB could be further discussed w.r.t overhead and impact to specification. 
Proposal 2: Beam-specific values of K_offset configuration for initial access should be supported.

Updating Koffset after initial access
In TR 38.821, the maximum satellite beam size can be up to 3500 km for GEO and 1000 km for LEO, resulting in up to 10.3ms for GEO and 3.2ms for LEO maximum differential delay within a satellite beam. Even with one beam mapped to one cell, in such a large cell, the RTT values of different UEs may differ up to 20.6 ms for GEO and 6.4 ms for LEO. If the UE continues to use the cell specific or beam specific K_offset value broadcast by the system information after initial access, it will cause unnecessary scheduling delay, especially in the scene of earth fixed beam.


Figure 1: The scene of earth fixed beam.
[bookmark: _GoBack]In RAN1#104, the following agreement on update K_offset after initial access has been achieved.
	Agreement:
· Update of K_offset after initial access is supported



In RAN1#103e, the following methods on how to update K_offset after initial access were mainly discussed.
	· 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



For Option 1 & Option 2, considering RTT may be rapidly changed in LEO scenario, frequent update with dedicated RRC signaling/MAC CE is not desired. Furthermore, this method needs each UE report its TA value to gNB and requires gNB to monitor each UE’s TA change. In our view, due to fast change of TA, it will bring serious signaling overhead and increase UE power consumption. For Option 3, it will bring a lot of standardized work. For Option 4 and Option 5, in our view, both are essentially the same. 
In Option 5, network configures a value list of K_offset {K0, K1 K2, K3} and an update cycle (P), and the UE sequentially determines the current value of K_offset from the value list of K_offset according to the update cycle (P), as shown in the figure below.


Figure 2: Example of UE updates the value of K_offset based on predefined rules
Option4 and Option5 can avoid the serious signaling overhead caused by frequently updating the K_offset value and achieves a good tradeoff between signaling overhead and update of K_offset value.
Proposal 3: UE updates the value of K_offset based on predefined rules should be considered.

Timing relationship of TA command
In RAN1#104, the following working assumption was made on timing relationship of TA command [3].
	Working assumption: 
· Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.


After further checking the existing spec, the transmission timing is described from logical timing perspective assuming TA = 0. Therefore, in our view, K_offset should be introduced to enhance the adjustment of UL transmission timing.
	Section 4.2, TS 38.213:

For a timing advance command received on uplink slot [image: ] and for a transmission other than a PUSCH scheduled by a RAR UL grant or a fallbackRAR UL grant as described in Clause 8.2A or 8.3, or a PUCCH with HARQ-ACK information in response to a successRAR as described in Clause 8.2A, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot [image: ] where [image: ], ….
The uplink slot [image: ] is the last slot among uplink slot(s) overlapping with the slot(s) of PDSCH reception assuming , where the PDSCH provides the timing advance command and  is defined in [4, TS 38.211].



Proposal 4: For Timing relationship of TA command, conform the working assumption made in the last RAN1 meeting.

PDCCH ordered PRACH
In RAN1#104, the following recommendation still stands. 
	Moderator recommendation on Issue #11:
On PDCCH ordered PRACH timing relationship, interested companies are encouraged to provide input to RAN1#104bis-e, taking into account the fact that network may not know which PRACH occasion is selected by the UE according to UE’s “next available PRACH occasion” and thus would need to perform additional blind detection if enhancement is not introduced.


From specification perspective, there is no additional indication for gNB to determine the corresponding PRACH occasion. In our view, the network can determine some candidate ROs (few RO candidates) based on some prior knowledge, e.g. based on the signaled K_offset value. It is acceptable for network to perform blind detections.
Furthermore, current specification has not clear timing limitation for PDCCH order PRACH resource, UE can select next available resource for PRACH transmission based on autonomous TA estimation in NR NTN. Therefore, regarding the issue of whether a new timing offset is needed for PDCCH ordered PRACH, our view is that a new timing offset is not needed for PDCCH ordered PRACH. 
Proposal 5: A new timing offset is not needed for PDCCH ordered PRACH.

MAC CE timing relationships
In RAN1#104, the following recommendation still stands.
	Moderator recommendation on Issue #4:
Companies are encouraged to provide input to RAN1#104bis-e on whether to prioritize NTN designs that support systems where DL and UL are aligned at the gNB.


Whether DL and UL are aligned depends on time reference point configuration. When the RP is located at the satellite, the TA change caused by the feeder link can be compensated by the network. In this case, the network does not need to broadcast the common TA corresponds to the RTD experienced between the RP and the satellite. Therefore, the case where DL/UL frame timing at gNB is not aligned should be supported. In our view, both cases (i.e., aligned or not aligned at gNB) should be supported with the same priority.
 Proposal 6: Both cases (i.e., aligned or not aligned at gNB) should be supported with the same priority.

In RAN1#103e, the following agreement on MAC CE timing relationships has been achieved.
	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.



Therefore, in our view, for UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed when downlink and uplink frame timing are not aligned at gNB. And the K_mac represents the RTT between the RP and gNB.
Proposal 7: K_mac is needed for DL MAC CE when downlink and uplink frame timing are not aligned at gNB.

Conclusion
As summary, we have the following proposals.
Proposal 1: Explicit signaling of K_offset used in initial access in system information should be considered.
Proposal 2: Beam-specific values of K_offset configuration for initial access should be supported.
Proposal 3: UE updates the value of K_offset based on predefined rules should be considered.
Proposal 4: For Timing relationship of TA command, conform the working assumption made in the last RAN1 meeting.
Proposal 5: A new timing offset is not needed for PDCCH ordered PRACH.
Proposal 6: Both cases (i.e., aligned or not aligned at gNB) should be supported with the same priority.
Proposal 7: K_mac is needed for DL MAC CE when downlink and uplink frame timing are not aligned at gNB.
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