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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 #103-e meeting [3].

[bookmark: _Hlk56149827]Agreement:
Introduce K_offset (may or may not be the same as the K_offset value in other timing relationships) to enhance the timing relationship of HARQ-ACK on PUCCH to MsgB.

Agreement:
· For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.
· FFS: Beam specific K_offset configured in system information and used in initial access.

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.

Conclusion:
The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH.

Agreement:
Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.

In this contribution, we provide our views on the topics of time offset after initial access, MAC CE activation time, configured grant timing, and RAR window starting time.    
Discussion
Time offset after initial access
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 [4]. The cell specific time offset  used in initial access is not accurate for each individual UE. Considering the maximum value of  or  in NR is 15 slots or 32 slots, a cell specific time offset  used together with  and  is unable to match the maximum differential delay. Hence, we prefer to introduce a UE specific time offset  after initial access. 

Proposal 1: A UE specific  is used after initial access.

In NGEO scenarios, the timing drift rate is up to 40 s/s, due to satellite movement. Hence, a UE specific  may need to be updated frequently in order to ensure  or , together with , is able to indicate a proper uplink slot.

The value of UE specific  depends on the distance between UE and serving satellite, or equivalently, UE specific timing advance (TA). Specifically, the value of  is larger for a UE which is farther from serving satellite. However, the distance between UE and satellite is calculated at UE side based on its GNSS location, which is not directly known to gNB. 

In NTN, it is likely that UE autonomously maintains TA (cf. [5]). Without information of UE specific TA, gNB is hard to know when to update . One possible solution is that UE reports its TA to gNB. However, the frequent TA reporting is needed due to satellite and UE movement, resulting in large signaling overhead. Another possible solution is that the triggering of  update is initiated by UE. For example, if the TA value applied at UE side exceeds a certain range, then the triggering of  update is initiated by UE, where the initialization could be via high layer signal. 

Proposal 2: Consider the triggering of  update is initiated by UE.

Upon receiving the request of  update from UE, gNB could use high layer signal to indicate  update. A dedicated RRC message or MAC CE could be used to indicate the update of UE specific . The main consideration of using a high layer signal is its reliability. Here, MAC CE has the advantage of lower latency than dedicated RRC message. 

Proposal 3: The  update is signaled via RRC configuration or MAC CE.
 
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.

Figure 1 shows an example where the timing reference point is at satellite. In the example, the feeder link RTT is 6 ms and the service link RTT is 8.5 ms. Hence, the RTT between UE and gNB is 14.5 ms. It can be seen from the figure that UE is able to receive the downlink transmission with new configuration resulting from MAC CE command, only after (3+RTT) ms after it sends HARQ ACK for the PDSCH carrying MAC CE command. Hence,  is ideally set as RTT between UE and gNB. 

[image: ]
[bookmark: _Ref60045708]Figure 1: Example of Kmac used to determine MAC CE activation timing for downlink configuration

The RTT between UE and gNB is composed of service link RTT and feeder link RTT. The feeder link RTT is known by gNB and is broadcast to all the UEs in its coverage. It was agreed [3] that in NTN, the network may broadcast a common timing offset value. This feeder link RTT can be obtained from this common timing offset value. 

The service link RTT depends on UE location within the coverage. A UE with GNSS capability is able to calculate the service link RTT, based on satellite ephemeris information. However, the service link RTT is not directly known to gNB, unless a UE reports its location or its calculated service link RTT to gNB frequently. 

It is preferred that gNB also knows  in order to align with UE on its MAC CE command activation timing. One approach is that UE frequently reports its location or its calculated service link TA to gNB. However, this approach has high signaling overhead. To avoid extra reporting signaling,  could be derived from feeder link RTT and . Note that  is known to both UE and gNB and is used to determine the uplink transmission scheduling slot. This  is supposed to be larger than timing advance to avoid non causality scheduling. Hence,   is larger than service link RTT if the timing reference point is set on the feeder link. 

Proposal 4: The scheduling offset  is derived from feeder link RTT and .

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.

Besides the uplink or downlink configuration MAC CE, some exceptional MAC CE exists. The activation time for these MAC CE does not depend on . 

In terrestrial network, the TA command MAC CE is activated from the beginning of uplink slot , where  is the uplink slot when PDSCH carrying TA command MAC CE is received, and  is UE’s PSDCH processing time. Since the TA command MAC CE activating time is defined in the uplink timing only, there is no downlink to uplink transmit involved. Hence, the similar definition could be applied to NTN. 

Proposal 6: The TA command MAC CE is activated at uplink slot n+k+1, where n is the uplink slot when PDSCH carrying TA command MAC CE is received, and k is UE’s PDSCH processing time. 

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. Specifically, we have the following modifications if  is in the unit of slots. 

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

This is shown in Figure 2.
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[bookmark: _Ref60069302]Figure 2: Timing for type 1 configured grant
There is a proposal that the value of  is implicitly included in the parameter timeReferenceSFN and hence, the timing relationship for type 1 configured grant is left to network implementation. However, the granularity of this parameter is in system frames, which is not matched with the granularity of . Hence, we propose to explicitly introduce  to the formula. This not only reduces the specification impact, as no need of adjusting the existing granularity of timeReferenceSFN, but also provides a unified design for type 1 configured grant and type 2 configured grant. 

Proposal 7: Introduce  to the timing relationship for type 1 configured grant.

RAR window starting time
The starting time of RAR window was discussed in RAN1 #103-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, the TA should be considered to determine the RAR window starting time. 

Proposal 8: In NTN, TA is considered in determining the starting time of RAR window. 

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

Proposal 1: A UE specific  is used after initial access.

Proposal 2: Consider the triggering of  update is initiated by UE.

Proposal 3: The  update is signaled via RRC configuration or MAC CE.

Proposal 4: The scheduling offset  is derived from feeder link RTT and .

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: The TA command MAC CE is activated at uplink slot n+k+1, where n is the uplink slot when PDSCH carrying TA command MAC CE is received, and k is UE’s PDSCH processing time. 

Proposal 7: Introduce  to the timing relationship for type 1 configured grant.

Proposal 8: In NTN, TA is considered in determining the starting time of RAR window. 
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