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Introduction
In RAN1 #104b-e, the following agreements have been made as a progress for the timing relationship enhancement for NTN [1]: 

Agreement:
For updating K_offset after initial access, at least one of the following options is supported:
· Option 1: RRC reconfiguration
· Option 2: MAC CE
FFS: Other options

Agreement:
· For determination of cell-specific K_offset in system information, down-select one option from below:
· Option 1: Signal one offset value for K_offset
· Note: For example, the value is expected to cover the RTT of service link plus the RTT between serving satellite and reference point
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
· Note: For example, the first offset value is expected to cover the RTT between serving satellite and reference point or is determined by common TA, and the second offset value is expected to cover RTT of service link

Agreement:
Confirm the following working assumption:
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.

Agreement:
When UE is not provided with K_offset value other than the one signaled in system information, the K_offset value signaled in system information is used for all timing relationships that require K_offset enhancement.

Agreement:
UE can be provided by network with a K_mac value.
· When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.

[bookmark: _Hlk528874692]In this contribution, we further discuss on the remaining issues on timing relationship enhancement for NTN.
Discussion

Signaling of K-offset for initial access
In order to guarantee UE processing time for UL transmission or measurement reporting with very large timing advance in NTN, K-offset has been agreed to be introduced as an additional minimum scheduling offset for PUSCH, HARQ on PUCCH, A-SRS, and CSI reporting. Since the K-offset is added to compensate TA, a cell-specific K-offset value which is applicable for all of the UEs in the cell (or beam) has to be indicated for initial access. Note that UE-specific TA value is unknown to the network during the initial access as Rel-17 UEs will compensate the UE-specific TA value for PRACH transmission, thus using UE-specific TA as initial K-offset is not feasible. Therefore, in RAN1 #102e, the K-offset information for initial access has been agreed to be carried in system information although it is still open whether it is explicitly signaled or implicitly derived from other parameters in the system information (e.g., common TA if supported).
A couple of options for K-offset determination for initial access were discussed in the previous RAN1 e-meeting. The options seem to fall under one of following two alternatives:
· Alt-1: K-offset value is independently determined/indicated from common TA (e.g., explicit or implicit) in the system information
· Alt-2: K-offset value is determined based on common TA (if supported) indicated in system information
Although both common TA and K-offset are used to compensate the round trip delay in NTN, it is not necessarily the same value for common TA and K-offset. For example, if a common TA is indicated, which may be corresponds to just feeder link delay while the K-offset could include both worst case service link delay and feeder link delay.
Proposal-1: K-offset value is independently determined/indicated from common TA in the system information (Alt-1)
In line with the discussion above, two options pertaining to the signaling method of the K-offset value have been agreed to down-select as following:
· Option-1: K-offset is determined based on a single signaled value
· Option-2: K-offset is determined based on the sum of the two offset values
The Option-1 is straightforward that the K-offset is a value signaled in a SIB which includes service link RTT and RTT between serving satellite and reference point. On the other hand, in Option-2, two offset values are used to derive K-offset. For example, a first offset value is indicated in a SIB which may cover the worst case of service link RTT for the cell and a second offset value is determined based on common TA value indicate.
Similar to the discussion whether K-offset value is signaled implicitly or explicitly, the Option-2 may reduce signaling overhead while losing scheduling flexibility at the gNB side. Note that the same mechanism could be used for IoT NTN and the K-offset configuration may be used to avoid DL/UL conflict due to half-duplex FDD operation for IoT device. Therefore, keeping K-offset configuration independent is also desirable in terms of unified design for NTN and IoT-NTN.
Proposal-2: a single K-offset value is signaled in SIB (Option-1)

K-offset update after initial access
It has been agreed that the cell-specific K-offset value can be updated after initial access in order to reduce latency due to unnecessarily large K-offset value. Note that cell-specific K-offset is based on the worst-case service link RTT in a cell and the RTT gap between UEs in cell center and cell edge is quite significant in NTN (e.g., >20ms). In order to update K-offset in a UE-specific manner, UE-specific TA value (i.e., service link RTT) has to be reported so that gNB can adjust K-offset value for the UE appropriately. Considering that the updated K-offset value is signalled via RRC and/or MAC-CE which is after RRC connection, there is no clear benefit to report UE-specific TA value during RACH procedures. In addition, there is also possibility that gNB doesn’t update K-offset value after initial access as agreed in RAN1 #104b-e. Therefore, a UE may not need to report UE-specific TA value unless the UE is requested to report or before RRC connection setup is completed.
Proposal-3: a UE report UE-specific TA value for K-offset update in RRC connected status if requested by the network
For the signaling of K-offset update, RRC or MAC-CE has been identified as an option. Since there is an ambiguity period for RRC (re)configuration during which gNB has no idea whether UE follows the previous K-offset value or updated K-offset value, it may result in potential scheduling restriction during the period. On the other hand, the MAC-CE action time is synchronized between gNB and UE and there is no ambiguity period after K-offset value is updated. Therefore, MAC-CE should be supported for signaling K-offset update value.
Proposal-4: MAC-CE is used for updating K-offset value after initial access

Beam-specific K-offset for initial access
In RAN1 #103-e, the cell-specific K-offset was agreed and it is still open whether beam-specific K-offset configuration for initial access needs to be supported since the beam-specific K-offset could reduce latency when the cell size is significantly larger than a beam size. Note that even with beam-specific K-offset, there are still up to 20ms RTT differences for the UEs in the same cell. On the other hand, beam-specific K-offset indication requires higher signaling overhead since all K-offset values have to be indicated in the SIB which is repetitively transmitted over the SSB beams.
Then, the question now is whether the latency reduction for initial access is necessary to justify the signaling overhead of the SIB or the specification impact to allow beam-specific SIB indication since the beam-specific K-offset indication will only provide benefit for the initial access considering the UE-specific K-offset will be used after RRC connection. Although mobile broadband use case may not require low latency for the initial access, a new use case potentially targeted in the future release may require lower latency even for the initial access. Considering that the beam-specific K-offset can be used/configured optionally, it seems to be beneficial to support beam-specific K-offset for the future proof.
Proposal-5: beam-specific K-offset indication is also supported optionally

PDCCH ordered PRACH
The necessity of Koffset for PDCCH ordered PRACH was discussed in RAN1 #104e. For PRACH preamble transmission, the timing advance is assumed to be 0 in current specification since the required timing advance value is estimated by gNB using the PRACH preamble. However, for NTN, UE autonomous TA and common TA are pre-compensated for all UL transmission. Given that gNB doesn’t know the UE autonomous TA value, there is an ambiguity between gNB and UE which RO is used for PRACH preamble transmission, thus requiring for gNB to blindly detect PRACH preambles in multiple ROs. Note that current specification still works for the case since UE can determine RO which is next available after TA applied.
However, introducing Koffset for PDCCH ordered PRACH simply addresses the blind decoding issue and avoids potential PRACH preamble collision due the ambiguity at the gNB. In addition, the relevant specification impact seems to be marginal as we introduced Koffset in other timing relationships as well. Therefore, Koffset for PDCCH ordered PRACH should be supported.
Proposal-6: introduce K-offset for PDCCH ordered PRACH

Summary
In this contribution, we discussed on remaining issues on the timing relationship such as the details of K-offset. Based on the discussion, we propose the following: 

Proposal-1: the scenario where DL and UL frame timings are not aligned at gNB has to be supported in Rel-17
Proposal-2: a single K-offset value is signaled in SIB (Option-1)
Proposal-3: a UE report UE-specific TA value for K-offset update in RRC connected status if requested by the network
Proposal-4: MAC-CE is used for updating K-offset value after initial access
Proposal-5: beam-specific K-offset indication is also supported optionally
Proposal-6: introduce K-offset for PDCCH ordered PRACH
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