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1. Introduction
[bookmark: _Hlk49429056]In RAN1#103e, the following agreements were achieved as potential enhancement for NR-NTN [1]:
[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, remaining issues on timing relationship enhancement are further discussed including initial signaling and update of K_offset, extension of K1, etc. 
1. Initial signaling and update of K_offset
The intention of introduction on K_offset is to compensate the large TA impact during the UL scheduling, e.g., Msg-3 scheduling by RAR during initial access. As shown in Figure 1, in order to enable the supports for all UE within the target cell or beam with less frequency to update (i.e., related to the signaling overhead for SIB), the determination of K_offset should be done by assuming the worst case. Such situation will be even worse for satellite with steering beam since the larger K_offset will occur once the minimum elevation angle for serving link is achieved.
Then, according to the agreement, for initial access, if only the K_offset determined in a cell specific is supported for initial access, larger latency will be expected for most of UEs within the cells allocated at different beams, especially for the case with multiple larger beams per cell. As an additional way, indication of K_offset in beam specific way should also be considered for UE either during or after the initial access stage. It should be noticed, in this way, no need to specify additional procedure for updates along the change of UE status, e.g., before or after initial access. 
[image: ]
[bookmark: _Ref61294096]Figure 1 Illustration of the determination of K_offset
Additionally, in case of support for cell specific K_offset, after the initial access procedure, updates of the K_offset is surely needed to reduce the scheduling offset for normal UL transmission. However, with consideration on the larger number of UE within one cell, it’s not reasonable to update it in UE specific way with larger signal overhead. Then, the group-specific solution (e.g., per beam) is preferred.
Apart from the mechanism for indication, the unit of the value of K_offset is also important for saving signaling overhead. For example, different unit (e.g. slot, frame) for K_offset can be considered for different cases, e.g., GEO/LEO. For GEO scenario, if the maximum RTD as 541.46 ms, K_offset can indicate the integer portion as 541 ms, which would need 10 bits overhead in the unit of ms. While once the value 541.46 is quantized as frame, say 540 ms, then only 6 bits are needed and the signaling overhead can be reduced [2]. 
Proposal 1: Beam specific K_offset configured in system information should be supported for UE in and after initial access procedure.
Proposal 2: In case of signalling of cell-specific K_offset for initial access, the updates should be supported in beam-specific way.
Proposal 3: Proper setting of the unit of K_offset should be considered to further reduce signaling overhead. 
1. Start of Msg2/MsgB RAR window
As listed in [3], it was agreed in RAN 2 that an offset was applied to the start of ra-ResponseWindow in NTN for both LEO and GEO scenarios. From RAN 1 perspective, existing spec text on the start of Msg2/MsgB RAR window was deemed unclear about whether TA is considered or not for the preamble transmission, so whether add the offset to the start of RAR window is discussed further.
As Figure 2 shown, from UE perspective, assume a PRACH is transmitted in UE UL slot m with execution of pre-compensation of time. It should be noted the preamble is always transmitted in the actual timing according to the spec. From the gNB perspective, assume periodicity of PDCCH monitoring occasion is configured, gNB DL slot 1 is the earliest time for transmitting RAR after receiving the PRACH. 
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[bookmark: _Ref11026]Figure 2 The timing for RAR monitoring in NTN scenarios
According to current spec, as shown in Figure 2, a UE starts to monitor the RAR window in slot s1, that leads to a problem that the size of window may be not large enough to ensure receive at least one PDCCH in the window(e.g. RAR window 1a). Because in this case, the earliest time of detecting the PDCCH is in UE DL slot 1. To solve this issue, we may either extend the window (e.g. RAR window 1b) or delay the start of the window(e.g. RAR window 2). And the latter approach actually brings less monitoring cost for UE side. Moreover, introducing an offset for the start of RAR window is also aligned with the agreement made in RAN 2. Therefore, an offset should be added to the start of Msg2/MsgB RAR window.
Proposal 4: For NTN cases, PRACH/MsgA is transmitted in the actual timing with consideration of time pre-compensation, and an offset should be added to the start of Msg2/MsgB RAR window. 
1. Extension of K1
According the agreement in [4], up to 32 HARQ processes is already agreed. For the uses case of ATG in TDD, as shown in the Figure 3, assume the maximum HARQ process number is larger than 16, e.g. the number is 28, and all the HARQ-ACK feedback is scheduled for transmitting in slot 32. Then the value of ’PDSCH-to-HARQ_feedback timing indicator’ should be different per consecutive DL transmission with respective HARQ process ID. For instance, for the DL transmission in slot 0, K1 is 32, while for the transmission in slot 27, K1 is 5. 
However, currently the DCI field can only support 8 different candidates, and the maximum value of the indicator is 15, which is not sufficient to make sure the time resource for all HARQ-ACK feedback is allocated. With extension of the value of K1, it can be ensured that available UL resource can be configured for HARQ-ACK feedback.
Additionally, considering the existing scheduling offset (i.e., K1, K2) and can be dynamic indicated, a wide range of K1/K2 can surely provide more schedule flexibility and allow service with larger beam foot print. Even if the K1,K2 is large enough to handle the TA impact in scenario such as HAPS, the signaling of K_offset may be saved. So extension of K1/K2 is beneficial at least from above viewpoints.
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[bookmark: _Ref25869]Figure 3 HARQ feedback in ATG/TDD case
Proposal 5: Extension of value range of K1 should be supported when the HARQ process number is larger than X. e.g. X=16.
1. MAC CE timing relationship
[bookmark: _GoBack]For this topic, it is agreed that 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 [1]. W.r.t the exact value of K_mac, it should be equal or large than the UL delay as depicted in Figure 4. The K_mac may be either signalling to a UE, or it is derived from feeder link delay at UE side. The former seems straightforward and therefore is preferred.
[image: ]
[bookmark: _Ref7436]Figure 4 UL delay between BS DL and BS UL
For the parameter X, it should be decided as we discussed in [2], the existing value X=3, can be reused in NR-NTN.
Proposal 6: For the MAC CE action timing, the existing value of X, i.e., X = 3, can be reused in NTN.
1. Others
In last meeting, following issues are also listed in [3] for discussion including: 
· Configured grant type 2
According to the description, it means a same signaling K_offset in System information is used for the case of timing for configured grant type 2 and the case of timing of DCI scheduled PUSCH. We think same value of K_offset is applicable for these two case, and the work assumption can be confirmed.
Proposal 7: Confirming the working assumption to apply the K_offset for the first transmission opportunity of PUSCH in Configured Grant Type 2.
· DCI 2_0 scheduled SFI
No need to enhance the timing relationship for this case as we discussed in [2], the activation will still start from a slot where the UE detects the DCI format 2_0 even though the propagation delay is enlarged. 
Proposal 8: No need to introduce the K_offset for DCI 2_0 scheduled SFI.
· PDCCH order PRACH
According the existing spec, w.r.t the transmission of PRACH initialized by PDCCH [5]:
“The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index(DCI 1_0) value for the indicated SS/PBCH block index in the first available mapping cycle.”
In this way, if the available PRACH occasion within first available mapping cycle is closed to the DL reception timing, then, additional K_offset may be needed. However, such case can be avoided by the gNB scheduling and meanwhile, if occurs, the corresponding occasion can also be considered as “unavailable” for mapping.
Proposal 9: No need to introduce the K_offset for PDCCH order PRACH.
1. Conclusions
In this contribution, further discussion on signaling of K_offset and specific additional timing cases is conducted with following proposals: 
Proposal 1: Beam specific K_offset configured in system information should be supported for UE in and after initial access procedure.
Proposal 2: In case of signalling of cell-specific K_offset for initial access, the updates should be supported in beam-specific way.
Proposal 3: Proper setting of the unit of K_offset should be considered to further reduce signaling overhead. 
Proposal 4: For NTN cases, PRACH/MsgA is transmitted in the actual timing with consideration of time pre-compensation, and an offset should be added to the start of Msg2/MsgB RAR window. 
Proposal 5: Extension of value range of K1 should be supported when the HARQ process number is larger than X. e.g. X=16.
Proposal 6: For the MAC CE action timing, the existing value of X, i.e., X = 3, can be reused in NTN.
Proposal 7: Confirming the working assumption to apply the K_offset for the first transmission opportunity of PUSCH in Configured Grant Type 2.
Proposal 8: No need to introduce the K_offset for DCI 2_0 scheduled SFI.
Proposal 9: No need to introduce the K_offset for PDCCH order PRACH.
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