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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 #104-e meeting [3].

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 provide our views on the topics of time offset in initial access, time offset after initial access, MAC CE activation time, configured grant timing relationships, RAR window starting time and K1 range extension.  
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. There are some discussions on the signaling of cell specific  in last RAN1 meeting [2]. This cell specific  should be larger than the timing advance of the farthest UE in the coverage. Due to the possible dependence between cell specific  and other parameters (e.g., RAR window offset), the cell specific  may be derived from other broadcast parameters. In other words, it is possible the cell specific  is implicitly signaled. However, the dependence between  and other parameters is still open, and we prefer this cell specific  is explicitly signaled.

Proposal 1: The cell specific  used in initial access is explicitly signaled.
  
Time offset after initial access
The update of  after initial access is supported [3], where the detailed signaling and schemes of updating  are open. 

The time offset  is introduced for UE’s downlink-uplink timing interaction, which is aimed to compensate the large propagation delay in NTN. Due to large cell size, the propagation delay of UEs in an NTN cell can have large variation. For example, the maximum differential delay in a GEO-based cell is up to 10.3 ms [5]. The cell specific time offset  used in initial access is not accurate for each individual UE. Considering a beam specific time offset used after initial access may still not be accurate for each individual UE at a large beam size (e.g., in one beam per cell scenario), we prefer to introduce a UE specific time offset  after initial access. 

Subsequently, a dedicated RRC message or MAC CE could be used to indicate the update of UE specific . The main reason of using high layer signal is its high reliability. Here, MAC CE has the advantage of lower latency than dedicated RRC message. 

Proposal 2: A UE specific  is used after initial access, which is signaled via RRC configuration or MAC CE. 

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.

MAC CE activation time
It was agreed [3] that the activation timing for downlink configuration from a MAC CE command depends on a scheduling offset , which is different from . It is open how this scheduling offset  is obtained.



In our view, this scheduling offset is related to the round-trip time (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. Hence, the scheduling offset should be ideally equal to the RTT between UE and gNB.

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.

Proposal 4: The scheduling offset  is broadcasted by network.

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 5: 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.

Configured grant timing relationships
It was agreed [3] that  is applied to indicate the first transmission opportunity of PUSCH in type 2 configured grant. Following the similar arguments, we think  should be applied to indicate the first transmission opportunity of PUSCH in type 1 configured grant. 

Type 1 configured grant is configured and activated by RRC (i.e., ConfiguredGrantConfig). In existing type 1 configured grant, the N-th uplink grant occurs in the symbol for which  

[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = 
(timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).

In the formula, the time reference SFN is based on the downlink timing. Considering the downlink-uplink timing interaction, we think  should be introduced to the timing relationship for type 1 configured grant for NTN. This is shown in Figure 1.

[image: Diagram

Description automatically generated]
[bookmark: _Ref60069302]Figure 1: Timing for type 1 configured grant
There is a proposal that the value of  is implicitly included in the parameter timeDomainOffset and hence, the timing relationship for type 1 configured grant is left to network implementation. The timeDomainOffset has value range up to 5119 slots. If  is merged in timeDomainOffset, then the scheduling flexibility is largely reduced in some extreme cases. For example, the maximum RTT between UE and gNB in GEO is about 541 ms, which is 4328 slots in case of 120 kHz SCS. The value of  can be as large as 4328 slots when the timing reference point is at gNB. This occupies the majority of the 5119 slots in timeDomainOffset, leaving much less scheduling flexibility. Hence, we propose to explicitly introduce  to the timing relationship for type 1 configured grant.

Proposal 6: Introduce  to the timing relationship for type 1 configured grant.

RAR window starting time
The starting time of RAR window was discussed in RAN1 #104-e meeting [2]. 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 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 [2] 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.  

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

K1 range extension
It was agreed [3] 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. 

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

Proposal 1: The cell specific  used in initial access is explicitly signaled.

Proposal 2: A UE specific  is used after initial access, which is signaled via RRC configuration or MAC CE. 

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

Proposal 4: The scheduling offset  is broadcasted by network.

Proposal 5: 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 6: Introduce  to the timing relationship for type 1 configured grant.

Proposal 7: In NTN, a UE specific RTT 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. 
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