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Introduction
One of the RAN1-lead objectives in the NTN WID [1] is timing relationship enhancements for NTN. The timing relationship enhancement is related to introducing an additional time offset to compensate the large propagation delay in NTN. A list of topics regarding timing relationship enhancements was discussed [2]. The following agreements have been made in RAN1 #104b-e meeting [3].

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.

In this contribution, we provide our views on the topics of time offset in initial access, time offset after initial access, MAC CE activation time, RAR window starting time, K1 range extension and timing relationship enhancement for beam failure recovery.  
Discussion
Time offset in initial access
It was agreed [4] that a cell specific  is configured in system information and is used in initial access. It was agreed [3] that this cell specific  is used for all timing relationships that require  enhancement, if UE is not provided with  value other than one signaled in system information. 

On the cell specific  configured in system information, two options of signaling were identified in last RAN1 meeting [3]. Option 1 is to signal a single offset value of , which covers the largest round-trip time (RTT) of service link and the RTT between satellite and timing reference point. 

Option 2 is to signal a first offset value  to cover the RTT between satellite and timing reference point, and a second offset value  to cover the largest RTT of service link. The final  is equal to the sum of  and . Here, the first offset value  may be signaled or may be determined by common TA broadcasted by network. The benefit of Option 2 is that if  is determined by the broadcasted common TA, then only  needs to be signaled, which has a smaller value range than  and hence has a reduced payload size from . 

The signaling of RTT between satellite and timing reference point is still in discussion under AI 8.4.2. Although a common TA broadcast is supported, whether or not to broadcast common TA drift rate and its variation is still open. If the common TA drift rate and its variation are broadcasted, then  may be maintained by UE, based on broadcasted common TA drift rate. This is not desirable since it is not guaranteed that the same  is maintained by all UEs. 

On the other hand, the signaling overhead saving from  to  may not be significant. It is likely the range of  is no more than two times of the range of . This implies the signaling saving is only about 1 bit. Hence, we prefer Option 1 of  signaling, i.e., a single offset value of . 

Proposal 1: Support to signal a single offset value for cell specific . 

Time offset after initial access
The update of  after initial access is supported [4]. Two signaling options of updating  were identified [3]: RRC reconfiguration or MAC CE, where at least one option is supported.

In our view, both options are able to reliably deliver the updated  value. MAC CE has the benefit of lower latency and smaller signaling overhead, while RRC reconfiguration has less specification impact. 

Depending on how often the  needs to be updated, both RRC reconfiguration and MAC CE can be supported. For example, when  is updated frequently (e.g., in LEO scenario), MAC CE is suitable due to its lower latency. When  is updated infrequently (e.g., in GEO scenario), RRC reconfiguration can be used. 

Proposal 2: For signaling of updating  after initial access, both RRC reconfiguration and MAC CE are supported. 

Based on the signaling of updating  after initial access, the updated  is likely to be UE specific. The value of UE specific  is supposed to be larger than UE specific timing advance (TA) in order to achieve casual scheduling. The UE specific TA depends on the distance between UE and serving satellite. The distance between UE and satellite is calculated at UE side based on its GNSS location, which is not directly known to gNB. Hence, gNB is unable to obtain UE specific TA by itself and hence is hard to know when to update UE specific . 

One possible solution is that UE reports its TA to gNB. However, the TA reporting is needed frequently in NGEO scenarios due to fast satellite movement. This results in large signaling overhead. One optimized solution is that UE only reports the triggering of  update, rather than the frequent TA reporting. For example, if the UE specific TA value maintained at UE side exceeds a certain range, then the triggering of  update is initiated by UE. This triggering of  update could be transmitted via high layer signal.

Proposal 3: Consider the triggering of  update is initiated by UE.

It was discussed [2] on the applicability of updated  which is not signaled in system information. In our view, the  not signaled in system information should be used at least for the transmission timing of DCI scheduled PUSCH, the transmission timing of HARQ-ACK on PUCCH (except HARQ-ACK on PUCCH to MsgB / Msg4), the CSI reference resource timing, the transmission timing of aperiodic SRS, the first transmission opportunity of PUSCH in Configured Grant Type 2, as well as MAC CE activation timing including TA command activation timing. 

Proposal 4: When a UE is provided with  value other than the one signaled in system information, this  is used at least for
· The transmission timing of DCI scheduled PUSCH
· The transmission timing of HARQ-ACK on PUCCH (except HARQ-ACK on PUCCH to MsgB / Msg4)
· The CSI reference resource timing
· The transmission timing of aperiodic SRS
· The first transmission opportunity of PUSCH in configured grant type 2
· MAC CE activation timing
· TA command activation timing

MAC CE activation time
It was agreed [4] that the activation timing for downlink configuration from a MAC CE command depends on a scheduling offset , which is different from . It was agreed [3] that  value can be provided by network. The detailed signaling of  needs to be specified. 

The MAC CE activation timing for downlink configuration is related to the RTT between UE and gNB. When UE sends the HARQ-ACK for the PDSCH carrying MAC CE command, gNB will receive the HARQ-ACK after one-way trip from UE to gNB. Then gNB will take 3 ms to activate the downlink configuration. The corresponding downlink transmission could reach UE after another one-way trip from gNB to UE. 

The RTT between UE and gNB is equal to the sum of the RTT between UE and timing reference point and the RTT between timing reference point and gNB. The former RTT is approximated by  and the latter RTT, which is approximated by  in unit of slots, needs to be broadcasted by network. Since the RTT between UE and gNB is also used to determine the RAR window offset in initial access,  is carried in system information. 

Proposal 5: The scheduling offset , in unit of slots, is carried in system information.

The MAC CE activation timing for downlink configuration can be defined at the first downlink slot that is after uplink slot where n is the uplink slot when UE sends HARQ-ACK for the PDSCH providing the activation command,  is the sub-carrier spacing configured for uplink.  

Proposal 6: The MAC CE for downlink configuration is activated at UE at the first downlink slot that is after uplink slot where n is the uplink slot when UE sends HARQ-ACK for the PDSCH providing the activation command,  is the sub-carrier spacing configured for uplink.

RAR window starting time
The starting time of RAR window was discussed in RAN1 #104-e meeting [4]. In NR terrestrial network, the RAR window starts at the first symbol of the earliest CORESET, which is at least one symbol after the last symbol of the PRACH occasion (for 4-step RACH) or after the last symbol of PUSCH occasion (for 2-step RACH) corresponding to the PRACH transmission. 

It is not clear whether TA is considered in determining the RAR window starting time in the existing specifications. This probably does not cause ambiguity since the TA value is small in terrestrial network. In our understanding, the RAR window starting time for NR terrestrial network in the existing specifications does not consider TA. 

The large TA value in NTN needs to be considered in determining the RAR window starting time. Due to the large propagation delay in NTN, a UE does not expect to receive RAR immediately after it transmits PRACH and/or MsgA PUSCH. Hence, it was proposed [6] to introduce an offset of RAR window starting time, where three options of the offset value (i.e., minimum RTT of a cell, maximum RTT of a cell, UE specific RTT) were discussed. In our view, the UE specific RTT accurately matches the expected earliest RAR reception time, and hence is used as the offset of RAR window. The UE specific RTT is equal to the sum of the RTT between UE and satellite and the feeder link RTT. The former RTT is based on UE measurement, and the feeder link RTT is broadcasted by network. The feeder RTT is equal to the sum of RTT between satellite and timing reference point and RTT between timing reference point and gNB. The RTT between satellite and timing reference point is derived from broadcast common TA, while the RTT between timing reference point and gNB is based on  carried in system information (as in Proposal 5). 

Proposal 7: In NTN, a UE specific RTT to gNB is used as the offset of RAR window. 

K1 range extension
It was agreed [4] that the value range of K1 is extended to 31. It is open whether this value range extension has impact on the size of PDSCH-to-HARQ_feedback timing indicator field in DCI. In our view, this field size should remain unchanged in DCI. In DCI formats 1_1 or 1_2, this field size is upper bounded by 3 bits, where the actual field size depends on the number of entries in a high layer configured table. The similar upper bound could be used for extended K1 values. Only the value range of the entries in the configured table needs to be updated.

In DCI format 1_0, the field size is fixed to 3 bits to indicate the value of K1 from 1 to 8 slots. It is worth checking whether K1 range indicated by DCI format 1_0 needs to be extended beyond 8 slots. No matter whether the K1 range extension for DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field size should be remained to 3 bits. 

Proposal 8: The K1 range extension does not change the PDSCH-to-HARQ_feedback timing indicator field size in DCI. 

Timing relationship enhancement for beam failure recovery
In NR beam failure recovery procedure [7], a UE sends beam failure recovery request to gNB to indicate PCell of PSCell beam failure and provide new beam index. The beam failure recovery request is sent via PRACH in slot . Then the UE monitors PDCCH in dedicated search space configured for receiving beam failure recovery response from gNB, starting from slot . If the UE does not receive beam failure recovery response within a configured time window, then it re-sends the beam failure recovery request or fallbacks to contention based PRACH based beam failure recovery. 

It is not crystal clear whether the “slot ” or “slot ” in the specifications refers to uplink slot or downlink slot. Different interpretations may result in large difference on the beam failure recovery request window starting time, due to the large TA in NTN. 

Furthermore, in NR terrestrial network, when a UE receives a first PDCCH in the dedicated search space set configured for beam failure recovery, it resets its PUCCH transmission beam based on the newly identified beam after 28 symbols after the last symbol of the PDCCH. This also implies the time from which gNB adjusts its reception beam for the PUCCH. In NTN, due to the large propagation delay, the time from which gNB adjusts its reception beam for the PUCCH (with new beam) needs to be clarified. Hence, it is worth to examine whether this 28-symbol gap needs to be enhanced in NTN. 

Proposal 9: RAN1 to study whether timing relationship enhancement is needed for beam failure recovery. 

Conclusion
In this contribution, we provided our views on timing relationship enhancement for NTN. Our proposals are as follows: 

Proposal 1: Support to signal a single offset value for cell specific .

Proposal 2: For signaling of updating  after initial access, both RRC reconfiguration and MAC CE are supported. 

Proposal 3: Consider the triggering of  update is initiated by UE.

Proposal 4: When a UE is provided with  value other than the one signaled in system information, this  is used at least for
· The transmission timing of DCI scheduled PUSCH
· The transmission timing of HARQ-ACK on PUCCH (except HARQ-ACK on PUCCH to MsgB / Msg4)
· The CSI reference resource timing
· The transmission timing of aperiodic SRS
· The first transmission opportunity of PUSCH in configured grant type 2
· MAC CE activation timing
· TA command activation timing 

Proposal 5: The scheduling offset , in unit of slots, is carried in system information.

Proposal 6: The MAC CE for downlink configuration is activated at UE at the first downlink slot that is after uplink slot where n is the uplink slot when UE sends HARQ-ACK for the PDSCH providing the activation command,  is the sub-carrier spacing configured for uplink.

Proposal 7: In NTN, a UE specific RTT to gNB is used as the offset of RAR window. 

Proposal 8: The K1 range extension does not change the PDSCH-to-HARQ_feedback timing indicator field size in DCI. 

Proposal 9: RAN1 to study whether timing relationship enhancement is needed for beam failure recovery. 
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