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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on NTN Chairman's Notes 105-e [1], there are some agreements and working assumption on timing relationship of NTN, and some FFS points are also listed as follows: 

Agreement:
If a UE is provided with a K_mac value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot , where µ is the SCS configuration for the PUCCH.
Note: Here K_mac is assumed to have the unit of the PUCCH slot. This can be revisited after the K_mac signaling design is finalized. 

Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.

Agreement:
The K_offset value signaled in system information is always used for
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
· The transmission timing of Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
FFS: how to treat additional transmission timings related to fallback DCI formats 
FFS: how to update this formulation with beam-specific K_offset if beam-specific K_offset is agreed to be supported

In this contribution, several issues related to timing relationship and enhancements are discussed. Potential problems and solutions are presented as well.
Discussion 
K_offset value determination
	RAN1#104b-e:
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
RAN1#105-e Moderator recommendation on Issue #2:
Companies are encouraged to rethink about their position and come back to this issue at the next RAN1 meeting, taking the following into account.
· The signaling overhead saving in Option 2 vs. Option 1 is only about 1 bit.
· The ~1-bit saving might appear free, but comes at the cost of many disadvantages (more complexity for UE, more specification impact, more sources of inaccuracies, scheduling restriction, etc.)
1 bit saving in higher layer signaling is negligible.



As agreed in RAN1#104b-e[2], the cell-specific K_offset in system information can be determined either by signaling one offset value or signaling a first offset value and a second offset value. The comparison between these two options is presented in the following paragraphs.
· Spec impact
In the spec, take a PUSCH transmission scheduled by a RAR UL grant as an example, the following description is used for a PUSCH transmission scheduled by a RAR UL grant in TS38.213[3]. 
	TS38.213 section 8.3




With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot , where  and  are provided in [6, TS 38.214].



For the option 1, the modified description can be:
	

With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot , where  is given by the higher-layer parameter (…) in (…),  and  are provided in [6, TS 38.214].



For the option 2, the modified description can be:
	


With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot , where , equals to the common delay provided in […], is given by the higher-layer parameter (…) in (…),  and  are provided in [6, TS 38.214].



Through the above comparison, it can be found that there is little difference between the two options in terms of spec changes.
· Complicity
For the option 1, the cell specific K_offset is explicitly indicated in system information. While for the option 2, the K_offset1 is implicitly determined by common TA, and the cell specific K_offset2 is explicitly indicated in system information. In terms of complexity, the difference between the two options is not big.
· Signaling overhead
According to RAN1#105-e Moderator recommendation, the signaling overhead saving in Option 2 vs. Option 1 is only about 1 bit. Although the 1 bit saving is negligible, the overall savings in signaling overhead is considerable considering updating K_offset.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK3][bookmark: OLE_LINK4]In the case of option 1, because K_offset needs to be updated considering the overall change of UE_RP RTT, for LEO scenarios, UE_specific_K_offset changes quickly and needs to be updated frequently. In the case of option 2, since the K_offset1 will be notified, only K_offset2 needs to be considered. The change of K_offset2 is relatively small than the K_offset in option 1, hence the update frequency is lower than that of option 1, and the update requires relatively fewer information bits. 
Based on above analysis, option 2 is recommended.
Proposal 1: For determination of cell-specific K_offset in system information, signaling two offset values is preferred.  

Cell-specific K_offset in initial access
In the last meeting, the usage of cell-specific K_offse signaled in system information was discussed and a related agreement was reached. The K_offset value signaled in system information is used for HARQ-ACK on PUCCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI and RAR or fallback RAR grant scheduled PUSCH. It’s better to indicate the cell-specific K_offset in SIB1.
Proposal 2: Indicating cell-specific K_offset by SIB1 to UE is supported.
Due to the movement of satellites, UE_RP RTT changes frequently in LEO scenarios. In order to reduce scheduling delay and save resource overhead, the K_offset value can be updated with UE_specific or cell_specific way. In the initial access process, Msg3 can be considered to carry TA report. Then signal UE_specific K_offset in Msg4. The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI can use the updated K_offset.
Proposal 3: TA should be reported in Msg3, and signal UE_specific K_offset in Msg4.

K_offset update after initial access
	RAN1#105-e Moderator recommendation on K_offset update option:
Companies are encouraged to provide input on this issue at the next RAN1 meeting, taking the following into account.
· Option 1: support MAC CE option
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Option 2: support both MAC CE option and RRC reconfiguration option



In last meeting, it has been agreed that updating K_offset after initial access can use RRC signaling or MAC CE. But on how to update this parameter, it should have careful consideration. We think two requirements should be followed: 1) gNB can’t frequently update the K_offset; 2) UE assistant information should be minimized. 
The main purpose of updating K_offset after initial access is to reduce the scheduling delay. Regardless of whether the K_offset is updated through beam-specific or UE-specific, frequently updating is not desired. 
According to the summary of RAN1 #104b-e, the observations below had been made:
	RAN1#104b-e Moderator observations
Several general observations can be made as follows.
· For GEO, both cell-specific and UE-specific K_offset updates can be rare.
· For LEO with earth moving cells, cell-specific K_offset update can be rare, while UE-specific K_offset update may be carried out, e.g., once every seconds.
· For LEO with earth fixed cells, both cell-specific and UE-specific K_offset updates may need to be more often. Cell-specific K_offset update can be done via system information update. UE-specific K_offset update may be carried out, e.g., once every seconds.



In our view, both MAC CE and RRC signaling are feasible as long as UE and gNB have the same understanding of “time”. For scenarios where the RTT changes relatively slowly, RRC reconfiguration option is more reasonable. For scenarios where the RTT changes relatively quickly, such as UE-specific K_offset update in LEO with earth moving cells and both cell-specific and UE-specific K_offset updates in LEO with earth fixed cells, MAC CE option is better for saving overhead. Based on this, it is recommended to support both methods.
Proposal 4: Both MAC CE and RRC reconfiguration to indicate K_offset can be supported.
TA reporting
	RAN1#105-e Moderator recommendation on TA reporting:
Companies are encouraged to provide input on this issue at the next RAN1 meeting, taking into account the questions asked by RAN2 LS:
1) At least for uplink scheduling adaptation, what is the exact content of UE reporting of information about the UE specific TA pre-compensation?
a. Option 1: UE specific TA: [Apple, MediaTek, CATT, Lenovo/MM(?)]
b. Option 2: Full TA: [ZTE, Lenovo/MM(?)]
c. Option 3: UE location: [Panasonic]
d. Option 4: Difference between UE-specific K_offset and cell-specific K_offset: [CMCC]
e. Other option(s)?
2) At least for uplink scheduling adaptation, how frequent is the UE reporting of information about the UE specific TA pre-compensation?
a. Option 1: Event triggered: [Apple, Panasonic, LG, Qualcomm, Xiaomi, CMCC, CATT]
b. Option 2: Network request: [ZTE, Qualcomm]
c. Option 3: Periodic: [Xiaomi, Lenovo/MM]
d. Other option(s)?



Regarding the TA reporting, the overhead should be controllable. Though periodical TA reporting is beneficial for timely TA tracking, however, in most of cases, for example, one larger K_offset can be used for a long period, which can cover small TA variation. In this case, it’s suitable to set one threshold to trigger the aperiodic TA reporting. For example, when TA’s change exceeds one threshold, UE will report one new TA to gNB. 
Proposal 5: On UE_specific TA reporting, both event triggered based reporting and periodic reporting can be supported for different scenarios. 
In addition, in order to minimize reporting overhead, it’s desirable that UE only reports TA change between current TA and previous TA with time range. The time range can be pre-configured, which can be mapped to one TA range and expressed by a few bits. For example, ‘00’ denotes [-10ms, -5ms], ‘01’ denotes [-5ms, 0], ‘10’ denotes [0ms, 5ms], ‘11’ denotes [5ms, 10ms].
For the signaling design of TA reporting, RRC signaling is preferred. Moreover, coarse TA range reporting can be used for signaling overhead, rather than accurate Tc level reporting.
Proposal 6: Using RRC signaling to report TA can be supported.
Proposal 7: Reporting TA change between current TA and previous TA is preferred. 

The start of RAR window
[bookmark: OLE_LINK25][bookmark: OLE_LINK27]Based on last meeting discussion, the starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. As for the value of the estimate of UE-gNB RTT, according to the agreement in NR NTN, it can be calculated by UE-gNB RTT＝UE’s TA+K_mac. Besides, the calculation utilizing UE-gNB RTT＝UE-satellite RTT+common delay+K_mac= UE-satellite RTT(service link RTT)+feeder link RTT may also be workable. 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Calculating UE-gNB RTT needs realtime UE-satellite RTT, common delay and K_mac. For UE- satellite RTT, it can be obtained based on GNSS and satellite ephemeris by UE itself. For common delay, UE will rely on gNB indication, and possible delay drift indication. However, if using the equation UE-gNB RTT＝UE-satellite RTT+common delay+K_mac to calculate the UE-gNB RTT, it may need to know the K-mac variation rate. In this case, network will broadcast the satellite ephemeris, the common delay, the K_mac, the common delay drift or K-mac drift. It will be complicated, especially when the satellite is configured as the reference point, K-mac should be updated with either common delay drift or common feeder link drift. Hence, no matter reference point configuration, the common drift can be expressed with feeder link drift, and using it to update the RTT. It will simplify the signaling indication and UE implementation.  
Proposal 8: Estimate the UE-gNB RTT with the equation UE_RTT = UE-satellite RTT(service link RTT)+feeder link RTT, where feeder link RTT= common delay+K_mac+dela_T*feeder link drift. 
The value of common delay and K_mac 
The common delay is defined as the common component of propagation delay shared by all UEs within the cell coverage and corresponds to the Round Trip Delay (RTD) between the RP and the satellite. According to Chairman's Notes RAN1#104bis-e 8.4 [4], the common delay can be zero for the case when the RP is set on gNB. As agreed in last meeting, K_mac is needed for UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH as shown in Figure 1. Herein K_mac is the offset equaled to RP-gNB RTT, where K_mac = feeder link RTT - common delay. 


Figure 1: The MAC CE action timing considering downlink and uplink frame timing unaligned at gNB
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK33]The common delay and K_mac were discussed in the previous RAN1 meetings. The initial common delay and K_mac can be notified through system information, and then common delay drift can be used to update the common delay, while the update of K_mac has not been discussed yet. However, based on the discussion in section 2.5, when calculate UE-gNB RTT, if real-time calculation is needed, using feeder link RTT drift can save singling overhead and decrease the complexity. Taking into account the above situation, we have made the following analysis on the update of common delay, K_mac, feeder link RTT using feeder link RTT drift in the case of different reference point selection and different feeder link RTT compensation methods:
· UE compensates feeder link RTT change
· The length from RP to gNB is fixed
At this time, K_mac is a fixed value, where common delay (also refers to K_offset2 in section 2.1) = feeder link RTT - fixed value with feeder link RTT drift= common delay drift and K_mac drift=0. System information notifies common delay, K_mac, feeder link RTT drift.
· The length from RP to satellite is fixed
At this time, common delay (K_offset2) is a fixed value, where K_mac = feeder link RTT - fixed value with feeder link RTT drift= K_mac drift and common delay drift =0. System information notifies common delay, K_mac, feeder link RTT drift.
· gNB compensates feeder link RTT change
· The length from RP to gNB is fixed 
At this time, K_mac is a fixed value. Since the feeder link RTT change is compensated by gNB, it is equivalent to setting the reference point on the satellite for the UE, and the common delay (K_offset2) is a fixed value. For the feeder link, the UE does not need to process it. The update of UE’s TA or K_offset only needs to consider the change of the satellite ephemeris. UE can use feeder link RTT drift to compute the changes in common delay (K_offset2) and feeder link RTT. System information notifies common delay, K_mac, feeder link RTT drift.
· The length from RP to satellite is fixed 
At this time, common delay (K_offset2) is a fixed value, K_mac = feeder link RTT-fixed value with feeder link RTT drift= K_mac delay drift and common delay drift=0. For the update of UE’s TA or K_offset, only the change of the satellite ephemeris needs to be considered. UE can use feeder link RTT drift to compute the changes in K_mac and feeder link RTT. System information notifies common delay, K_mac, feeder link RTT drift.
Based on the above analysis, it’s better to utilize feeder link RTT drift to update common delay, K_mac, feeder link RTT.
Proposal 9: Updating the common delay, K_mac, feeder link RTT with feeder link RTT drift is supported.
The position of gNB is relatively fixed and the satellite movement is regular, a feeder link RTT shift can be used to indicate the change of feeder link RTT, where feed link RTT and feeder link RTT shift are directly notified by system information broadcast before initial access. After initial access, the MAC CE command can be used to update the feeder link RTT and feeder link RTT shift periodically.  
Proposal 10: Updating the feeder link RTT and feeder link RTT shift with MAC CE is supported.
On K1 range extension
As agreed in RAN1#104-e meeting, for unpaired spectrum, extend the value range of K1 from (0..15) to (0..31). For FDD, it is no need to extend K1 range extension to paired spectrum. However, we think the DCI change should be avoided. Since currently the DCI field (3 bits) can only support 8 different K1 candidates, additional enhancement is needed. 
· Option 1: dynamically configure the list of K1 values with only supporting 8 different K1 candidates
The description of the list of timing for given PDSCH to the DL ACK in TS 38.331 [5] is “SEQUENCE (SIZE (1..8)) OF INTEGER (0..15)”. Hence, the modification can be “SEQUENCE (SIZE (1..8)) OF INTEGER (0..31)” to meet the requirements, where dl-DataToUL-ACK-r17 would be relevant for the increased K1 value range.
Proposal 11: Extend K1 range without changing the DCI with 8 different K1 candidates, and dynamically configure the list of K1 values corresponding to the DCI size.
· Option 2: dynamically configure the list of K1 values with 16 different K1 candidates
Recalling the RAN1 #105e email discussion：
RAN1#105-e Moderator Proposal 7.3 (Based on 1st round of email discussion):
Companies are encouraged provide input to the next RAN1 meeting on whether it is necessary to address the following scenario. 
[ZTE]: 
[image: ]
As the example shown above, for the scheduling with larger HARQ process number, since currently the DCI field (3 bits) can only support 8 different K1 candidates, the flexibility of scheduling is quite limited. So, there is need to further enhance it, e.g., extending the value range with 4 bits or other solutions.
Consider above use case, only 8 different K1 candidates limit the flexibility of scheduling. Hence, the enhancement is needed. The highest one bit of the HARQ process ID can be used with current 3 bits in DCI to indicate 16 different K1 candidates. The modification can be “SEQUENCE (SIZE (1..16)) OF INTEGER (0..31)” to meet the requirements, where dl-DataToUL-ACK-r17 would be relevant for the increased K1 value range.
Proposal 12: In case of K1 indication extension for larger HARQ process, utilize existing 3 bits without changing the DCI and the highest bit of the HARQ process ID to extend the K1 range to support 16 different K1 candidates. 
[bookmark: _GoBack]
Conclusion
In this contribution we analyzed timing relationship issues in NTN. 
We proposed:  
Proposal 1: For determination of cell-specific K_offset in system information, signaling two offset values is preferred.   
Proposal 2: Indicating cell-specific K_offset by SIB1 to UE is supported.
Proposal 3: TA should be reported in Msg3, and signal UE_specific K_offset in Msg4.
Proposal 4: Both MAC CE and RRC reconfiguration to indicate K_offset can be supported.
Proposal 5: On UE_specific TA reporting, both event triggered based reporting and periodic reporting can be supported for different scenarios.  
Proposal 6: Using RRC signaling to report TA can be supported.
Proposal 7: Reporting TA change between current TA and previous TA is preferred. 
Proposal 8: Estimate the UE-gNB RTT with the equation UE_RTT = UE-satellite RTT(service link RTT)+feeder link RTT, where feeder link RTT= common delay+K_mac+dela_T*feeder link drift. 
Proposal 9: Updating the common delay, K_mac, feeder link RTT with feeder link RTT drift is supported.
Proposal 10: Updating the feeder link RTT and feeder link RTT shift with MAC CE is supported.
Proposal 11: Extend K1 range without changing the DCI with 8 different K1 candidates, and dynamically configure the list of K1 values corresponding to the DCI size.
Proposal 12: In case of K1 indication extension for larger HARQ process, utilize existing 3 bits without changing the DCI and the highest bit of the HARQ process ID to extend the K1 range to support 16 different K1 candidates. 
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