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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on NTN Chairman's Notes 104-e [1], there are some agreements and working assumptions on timing relationship of NTN, and some FFS points are also mentioned as follows: 
[bookmark: _Hlk56149827]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, several issues related to timing relationship and enhancements are discussed. Potential problems and solutions are presented as well.

Discussion 
UL transmission timing for NTN
In NTN UL transmission, one critical point is how to configure the timing reference point (RP). If the RP is configured at the gNB, timing alignment of DL and UL is kept, while the RP is configured at the satellite, timing alignment of DL and UL at the gNB is not holding. In order to have further comparisons for two solutions, we analyze it from the following dimensions:
· Synchronization performance
When the satellite is set at the RP, UE is only responsible to maintain the timing change of service link. Since gNB has good ephemeris information, gNB is able to maintain the timing change of feeder link. In this sense, UL synchronization performance for RP configured at the satellite is more reliable. 
When the gNB is set at the RP, UE should maintain the timing change of service link and feeder link. Due to gNB position unknown, the feeder link timing is hard to track. As a result, UL synchronization performance is highly risky.   
Observation 1: UL synchronization performance is more reliable when the reference point is set at the satellite.  
· UE and gNB complexity 
When the satellite is set at the RP, UE complexity in synchronization implementation is more relaxed. Because gNB should maintain the timing of feeder link, the additional implementation is needed.
When the gNB is set at the RP, UE complexity would be higher. UE should maintain the timing of service link and feeder link both. By taking into account power consumption and cost of UE, UE complexity should be minimized and is not expected to maintain the feeder link timing. 
In last meeting, several companies concerned the complexity of gNB. Actually gNB can get the the gateway position and satellite position, the TA calculation of feeder link is not complicated. Moreover, no matter RP is configured at the gNB or satellite, TA calculation of feeder link is always necessary. The additional complexity for RP at the satellite is that gNB needs to adjust its UL reception window. However, as gNB vendor, we think this effort can be acceptable. Specification should not restrict implementation options, so different vendor can choose its flavors.
Observation 2: RP configuration is the trade-off of the complexity between UE and gNB, where UE complexity is smaller when RP is at the satellite, vice versa, gNB complexity is reduced.  
· Specification impact 
In terms of standardization impact of RP configuration, we make a table for the comparison.
	
	RAN1 impact 
	RAN2 impact 
	RAN4 impact

	RP at the gNB
	Timing drift rate and common TA need to be broadcasted from the gNB.
	

No difference 
	UE synchronization requirement for service link and feeder link is to be defined.

	RP at the satellite 
	K-Mac is needed to indicate.
Timing drift rate and common TA are not needed
	
	UE synchronization requirement is simpler, only for service link.
gNB requirement for feeder link TA tracking can be up to gNB implementation.



Observation 3: Different RP configurations don’t show significant difference on specification impact. 

· Forward compatibility 
In R17, transparent payload is prioritized, so the RP can be configured at the gNB or satellite. But looking forward, when regenerative payload is considered at late release, RP at the satellite should be supported anyway. With this consideration, supporting RP at the satellite will be one nature choice. In case that regenerative payload is to be supported, R17 specification has already supported its timing relationship, without additional effort. That is more important for UE implementation. We can’t define one mechanism which has significant change for different release in UE implementation.
Observation 4: Taking into account forward compatibility, RP configured at the satellite is one natural choice. 

In sum, we propose:
Proposal 1: RAN1 should allow the reference point is configurable, as a result, timing un-alignment and alignment of DL and UL at the gNB can be supported both. 

Based on previous meeting agreement, if DL and UL timing at the gNB is not aligned, one additional parameter K-mac is needed for MAC CE timing adjustment. Since timing un-alignment and alignment of DL and UL at the gNB should be supported both, one K-mac should be specified to complete the RAN1 specification. Actually it can also be applied in other cases where the ACK/NACK of MAC CE need be sent back to gNB. 
Proposal 2: K-mac should be specified in case of MAC CE HARQ-ACK required if the timing of DL and UL at the gNB is not aligned. 

Timing relationships requiring enhancement
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]PDCCH ordered PRACH timing relationship
In the case of PDCCH ordered PRACH, the existing NR specification stipulates that the UE selects the next available RO resource after a period of time, where the time gap between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to msec. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK21][bookmark: OLE_LINK22]In TN system, the network can infer the RO that UE selects. While in NTN system the network needs to perform blind detection of PRACH considering that the timing advance of the UE is unknown to the network or is not real-time accurate. In this context, in NTN system, gNB would have to make blind detection in multiple possible PRACH occasions. Though gNB is able to skip invalid PRACH occasion based on minimum RTT, additional efforts in case of larger cell size is still needed.
Hence, in order to reduce the blind detection time and ensure the PRACH detection performance, an additional time offset can be used to reduce the complexity of gNB blind detection.  

Proposal 3: In order to reduce blind detection time and ensure PRACH detection performance, an additional timing offset can be introduced for PDCCH ordered PRACH.

The configuration of RAR window
Based on the discussion in the last meeting, when downlink and uplink frame timing are aligned at gNB as shown in Figure 1a, the UE_TA equals to the UE_RTT. Hence, indication of the start of RAR window is not needed. While indication of the start of RAR window is needed when downlink and uplink frame timing are not aligned at gNB as shown in Figure 1b. As shown in the figure 2, when downlink and uplink frame timing are aligned at gNB, assume that reference point is located in the feeder link, UE is only aware of the TA between UE and reference point, but has no knowledge to the RTT between UE and gNB.



Figure 1a: The start of RAR window considering downlink and uplink frame timing aligned at gNB


Figure 1b: The start of RAR window considering downlink and uplink frame timing not aligned at gNB


Figure 2: Reference point is located in the feeder link

However, based on the above description in section 2.1, the situation of downlink and uplink frame timing are not aligned at gNB needs to be considered. UE_TA can be obtained based on GNSS and ephemeris by UE itself. So UE_RTT = UE_TA + feeder link RTT. Indicating the feeder link RTT to help UE to derive the RAR reception timing is necessary.
Proposal 4: Indicating the feeder link RTT to help UE to derive the RAR reception timing is supported.

Timing of preamble retransmission
[bookmark: OLE_LINK12][bookmark: OLE_LINK15]With respect to the retransmission of preamble, which happens if the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window, or if the UE does not correctly receive the transport block in the corresponding PDSCH within the window, or if the higher layers do not identify the RAPID associated with the PRACH transmission from the UE, the higher layers can indicate to the physical layer to transmit a PRACH. The UE is expected to transmit a PRACH no later than  msec after the last symbol of the window, or the last symbol of the PDSCH reception.
Similar to the case of PDCCH ordered PRACH, if gNB can’t have more information about the retransmission time of PRACH, gNB need spend a lot of time to blindly detect retransmitted preamble PRACH. In addition, there also might have PRACH signals overlapping on the same resource, which will cause detection performance degradation. 
Proposal 5: For preamble retransmission case, one additional timing offset is needed.  

Update of K_offset after initial access
[bookmark: OLE_LINK25][bookmark: OLE_LINK27]In last meeting, updating K_offset after initial access has been agreed. 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. In case of signaling design, RRC configuration for K-offset can be supported. 
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. Then gNB can adjust the K_offset accordingly. 
In addition, in order to minimize reporting overhead, it’s desirable that UE only reports TA associated 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 or MAC signaling is preferred, Moreover, coarse TA range reporting can be used for signaling overhead, rather than accurate Tc level reporting.
Proposal 6: RRC signaling to indicate K_offset can be supported.
Proposal 7: One threshold is used for TA report triggering.
Proposal 8: Coarse TA range reporting with larger granularity can be supported, rather than accurate TA reporting. 

On K1/K2 range extension
As agreed in last RAN1 meeting, for unpaired spectrum, extend the value range of K1 from (0..15) to (0..31). However, the DCI change should be avoided. The description of the list of timing for given PDSCH to the DL ACK in TS 38.331 [2] 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.
Proposal 9: Extend K1/K2 range without changing the DCI, and dynamically configure the list of K1/K2 values from 0-31 integer collection.

Conclusion
In this contribution we analyzed timing relationship issues in NTN. Observations and proposals are as follows:
Observation 1: UL synchronization performance is more reliable when the reference point is set at the satellite.  
Observation 2: RP configuration is the trade-off of the complexity between UE and gNB, where UE complexity is smaller when RP is at the satellite, vice versa, gNB complexity is reduced.   
Observation 3: Different RP configurations don’t show significant difference on specification impact. 
Observation 4: Taking into account forward compatibility, RP configured at the satellite is one natural choice. 

Proposal 1: RAN1 should allow the reference point is configurable, as a result, timing un-alignment and alignment of DL and UL at the gNB can be supported both. 
Proposal 2: K-mac should be specified in case of MAC CE HARQ-ACK required if the timing of DL and UL at the gNB is not aligned. 
Proposal 3: In order to reduce blind detection time and ensure PRACH detection performance, an additional timing offset can be introduced for PDCCH ordered PRACH.
Proposal 4: Indicating the feeder link RTT to help UE to derive the RAR reception timing is supported.
Proposal 5: For preamble retransmission case, one additional timing offset is needed.  
Proposal 6: RRC signaling to indicate K_offset can be supported.
Proposal 7: One threshold is used for TA report triggering.
Proposal 8: Coarse TA range reporting with larger granularity can be supported, rather than accurate TA reporting.  
Proposal 9: Extend K1/K2 range without changing the DCI, and dynamically configure the list of K1/K2 values from 0-31 integer collection. 
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