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1. Introduction
 In RAN1#104-e meeting, the following agreements and working assumption are captured in the chairman’s note as:Agreement:
Confirm the following 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.

Agreement:
Update of K_offset after initial access is supported

Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.

Working assumption: 
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.


In this contribution, we further discuss the remaining issues for timing relationship enhancements in NTN. 
2. Discussion  
2.1 Signaling of K_offset in initial access
In the RAN1#103-e meeting, it was agreed K_offset configured in system information and used in initial access is supported by at least cell specific configuration. The first remaining issue is whether the signaling of K_offset is based on the implicit or explicit signaling. In case of implicit signaling based solution, two options are listed as follows. One option is K_offset equals to common TA or UE specific TA, and the other option is K_offset is derived from ra-ResponseWindow and an offset. Both options can provide the benefit in terms of signaling overhead reduction. However, coupling K_offset with other information such as TA or ra-ResponseWindow may restrict the network flexibility. Moreover, the main purpose of K_offset is to remove the ambiguity between gNB and UE caused by the long round-trip delay in NTN, so mixture of two different functions is not desirable. Lastly, explicit signaling is more cleaner way and more forward compatible compared to implicit signaling. Thus, explicit signaling of K_offset is preferred. 
Proposal 1: Support explicit signaling of K_offset.

The second issue is whether or not to additionally support beam-specific K_offset. The cell-specific K_offset signaling has a merit in the overhead perspective. However, in general, the cell size in NTN is much larger than that of TN, therefore differential timing offset would not be negligible between UE in cell center and cell boundary. For example, the maximum satellite beam size can be up to 1000km for LEO which results in up to 3.2 ms maximum differential delay within a satellite beam. Thus, beam-specific K_offset indication would be more suitable in NTN. If the signaling overhead in SIB is really a problem, we may consider beam-group specific K_offset. Compared to beam-specific K_offset, beam-group specific K_offset can effectively reduce the signaling overhead while it can provide finer K_offset granularity. In this beam group specific K_offset signaling, how to make beam-group can be further studied.
Proposal 2: Support beam (group)-specific K_offset signaling in addition to cell-specific K_offset in initial access. 

2.2 Update of K_offset
In the last meeting, it was agreed to support update of K_offset after initial access. Then, the remaining issue can be details on update of K_offset after initial access. In this regard, in the RAN1#103e meeting, several options were identified as follows:
•	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.
In our understanding, option 1, 2 and 3 are based on gNB configuration when update of K_offset is needed. For instance, the cell-specific K_offset can be updated after initial access through other channel/signals in option 1, 2 and 3. One related issue on these options is how and when to trigger K_offset update. One possible way can include that update of K_offset is triggered when the estimated/calculated TA value is larger than the configured or most updated K_offset. In Rel-17 NTN, UE autonomous TA estimation/calculation is supported, so UE can initiate/trigger the update of K_offset.   
Since update of K_offset in option 4 or 5 is based on the pre-configuration of multiple values or pre-defined rule, it has a benefit in terms of reducing overhead of control resource when updates of K_offset are required multiple times. In that regard, option 4 or 5 is preferred. Pre-configuration or pre-defined rule for option 4 or 5, respectively, can be based on the satellite ephemeris, so UE can autonomously update the K_offset over time. 

Proposal 3: Support UE autonomous K_offset updates based on satellite ephemeris.

So far, it is agreed to introduce K_offset for the following timing cases as:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.
· The transmission timing of HARQ-ACK on PUCCH.
· The CSI reference resource timing.
· The transmission timing of aperiodic SRS.
· The transmission timing of HARQ-ACK on PUCCH to MsgB 
· The transmission timing of PUSCH in configured Type 2
· WA: the transmission timing upon the reception of a corresponding TAC 
It is still open whether K_offset values corresponding to above cases are the same or different. If the all of K_offset values are configured to be the same, the K_offset value should be the maximum value among the candidate K_offset values. If different K_offset values are allowed according to applied timing cases, system performance may be improved at the expense of increased signaling overhead and complexity. In this case, RAN1 also need to discuss whether the update of K_offset is applied all the timing cases or not.    
2.3 MAC-CE action timing
Regarding MAC-CE action timing, it was concluded in RAN1#103e meeting that MAC-CE action timing associated with DL configuration requires new scheduling offset, K_mac, in addition to K_offset when the UL/DL frame timing at gNB is not aligned. For other cases, K_offset is sufficient. In the previous meeting, it was discussed whether to prioritize the case where UL/DL frame timing at gNB is aligned, but it was failed to achieve consensus. 
As discussed from the study item phase, additional complexity is needed at network side to manage corresponding scheduling timing when UL/DL frame timing is not aligned. Also, even though both scenarios can be managed by gNB implementation, we need to carefully check the potential specification impact if we allow the both aligned and un-aligned cases, and this may be one of obstacles in making progress. In this sense, we slightly prefer to prioritize Thus, we slightly preferred to prioritize NTN designs that support systems where DL and UL are aligned at the gNB.
Proposal 4: Prioritize NTN designs that support systems where DL and UL are aligned at the gNB.

2.4 Indication of PDSCH-to-HARQ_feedback timing 
In the last meeting, it was agreed to increase the range of K1 values from (0,…,15) to (0,…,31) for unpaired spectrum. Then, the FFS point is whether there is an impact on the size of K1 field in DL DCI. For non-fallback DCI, gNB preconfigure candidate K1 values via RRC, and then DL DCI is used to indicate actual K1 value. Thus, one simple solution without increasing the size of K1 field is simply increasing the range of dl-DataToUL-ACK in PUCCH-config IE from (0,…,15) to (0,…,31) as below. 
dl-DataToUL-ACK                         SEQUENCE (SIZE (1..8)) OF INTEGER (0..31)                             OPTIONAL, -- Need M
The other solutions can be increasing the size of K1 field in an explicit or implicit manner. For the implicit indication, we may consider slot index based as discussed for the HARQ process id identification, but it restricts scheduling flexibility. Therefore, among the listed potential solutions, we prefer to have a simple solution that only increases the range of dl-DataToUL-ACK.
In case of fall-back DCI (i.e., DCI format 1_0), the candidate K1 values are fixed to {1, 2, 3, 4, 5, 6, 7, 8} as in the TS38.213. Thus, increasing K1 range does not provide any benefit in this case. To resolve this issue, we can consider introducing fixed or configurable offset for non-fallback DCI case. For example, we can use minimum K1 value configured for the non-fallback DCI as an offset. 

Proposal 5: Do not increase the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
· For non-fallback DCI, increase the range of dl-DataToUL-ACK in PUCCH-config IE from (0,…,15) to (0,…,31). 
· For fallback DCI, consider introducing fixed or configurable offset.

2.5 RACH procedure triggered by PDCCH order 
According to TS 38.213, the UE transmits a PRACH in the selected PRACH occasion for which a time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to the minimum gap of  msec. This minimum gap is depicted in the Figure 1. In NR, UE assumes initial TA = 0 for PRACH transmission. 
[image: cid:image028.png@01D6E4F4.65C21660]
Figure 1. An illustration of RACH procedure triggered by PDDCH order without timing offset
In Rel-17 NTN, the initial TA for PRACH transmission can be determined based on UE specific TA (estimated by UE) + common TA (if provided). Therefore, as discussed in RAN1#104e meeting, gNB may not know which PRACH occasion was selected by the UE according to the UE’s “next available PRACH occasion”. To alleviate this problem, there are two possible solutions. One is based on the gNB implementation which means gNB may perform additional blind detection for a PDCCH ordered PRACH. The other one is to introduce timing offset which may correspond to UE specific TA + common TA in addition to minimum gap. As shown in Figure 2, the additional timing offset can remove the ambiguity on PDCCH ordered PRACH transmission. Between two solutions, we think introducing additional offset is more cleaner way to resolve this issue. 
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Figure 2. An illustration of RACH procedure triggered by PDDCH order with timing offset

Proposal 6: For RACH procedure triggered by PDCCH order in Rel-17 NTN, define timing offset in addition to minimum gap, .

3. Conclusion
In this contribution, we discussed on timing relationship enhancements for NTN. Based on the above discussion, we have following proposals:
Proposal 1: Support explicit signaling of K_offset.
Proposal 2: Support beam (group)-specific K_offset signaling in addition to cell-specific K_offset in initial access. 
Proposal 3: Support UE autonomous K_offset updates based on satellite ephemeris.
Proposal 4: Prioritize NTN designs that support systems where DL and UL are aligned at the gNB.
Proposal 5: Do not increase the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
· For non-fallback DCI, increase the range of dl-DataToUL-ACK in PUCCH-config IE from (0,…,15) to (0,…,31). 
· For fallback DCI, consider introducing fixed or configurable offset.
Proposal 6: For RACH procedure triggered by PDCCH order in Rel-17 NTN, define timing offset in addition to minimum gap, .
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