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Introduction
In the RAN1 #104b-e meeting, timing relationship enhancements in NTN were discussed and the agreements are addressed in [1]. In this contribution, we will discuss more possible enhancements about timing relationships in NTN.
Discussion  
 update
Updating K_offset after initial access was discussed in the last meeting and the following agreement was reached:
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

Both option 1 and option 2 could achieve aligned understanding about  value at gNB side and at UE side. 
With RRC configuration, signaling overhead and application delay should be considered when RRC reconfiguration is needed frequently. In principle, the value of  is used to compensate the large propagation between network and UE. The value of timing advance for each UE also reflects the propagation delay. Considering TA adjustment is indicated via MAC CE, the  update through MAC CE is preferred following the principle of TA update.
Proposal 1: Updating  with MAC CE after initial access. 
Application of 
For the application of  in system information, there are the following agreement in the last meeting.
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.

During initial access, in the transition period of RRC reconfigurations, during handover procedure, and etc, gNB and UE may have inconsistent understanding of UE-specific propagation delay or the updated UE-specific  may be outdated and could not cover the current UE-gNB RTT. Therefore, it is proposed to use the signaled  in system information in these procedures. Since fallback DCI is usually used in these procedures while non-fallback DCI always operates when UE is well connected with proper RRC configuration operates, it is proposed to use cell-specific  for the timing relationships related to fallback DCI formats and use updated  for the timing relationships related to non-fallback DCI formats.
Proposal 2: Use cell-specific  for the timing relationships related to fallback DCI formats and use updated  for the timing relationships related to non-fallback DCI formats.
 value determination
For determination of cell-specific  in system information, two options are to be down-selected according to the agreements in the last meeting.
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

The value of  is used to compensate the large propagation between network and UE. With option 2, signaling overhead reduction could be achieved since the first offset value corresponds to common TA which could be reused. 
Proposal 3: For determination of cell-specific K_offset in system information, signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values.
Exceptional MAC CE timing relationships
In the previous meetings, the MAC CE timing relationship enhancements in NTN were discussed and the following agreements were reached.	
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.
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.

It was noticed some of the MAC CEs relate to UL transmission while the UL transmission is based on gNB scheduling. This kind of MAC CE includes “Aperiodic CSI Trigger State Subselection MAC CE” and “AP SRS spatial relation Indication MAC CE”. It was proposed to discuss these two MAC CEs are regarded as DL configuration or UL configuration in [3]. To our understanding, the application of both DL MAC CE and UL MAC CE depends on the timing of corresponding HARQ-ACK information in the current specification. With the current agreements, gNB and UE would decide a unified moment when an updated MAC CE becomes valid and the moment would be after the corresponding HARQ-ACK. This is illustrated in the Fig 1 where DL and UL are aligned at gNB. The updated “Aperiodic CSI Trigger State Subselection MAC CE” is to be valid at t3 both by gNB and by UE after the time when the corresponding HARQ-ACK locates. The earliest DCI with A-CSI triggering according to the updated MAC CE could reach UE at t4 (CSI request-2). So with the current principle and agreements, the timing of “Aperiodic CSI Trigger State Subselection MAC CE” is based on CSI request. Similar situation is for the “AP SRS spatial relation Indication MAC CE”.
Observation 1: The application of both DL MAC CE and UL MAC CE depends on the timing of corresponding HARQ-ACK information in the current specification. With the current principle and agreements, the timing of “Aperiodic CSI Trigger State Subselection MAC CE” is based on CSI request, and the timing of “Aperiodic CSI Trigger State Subselection MAC CE” is based on SRS request.
It is possible an uplink grant is transmitted before the moment while received after the moment when the MAC CE becomes valid. As a result, there would be inconsistent assumptions about which A-CSI/A-SRS reports are triggered. If a DCI is received during t3 and t4 in the Fig 1, the UE illustrates the “CSI request” field in this DCI according to the updated MAC CE and performs corresponding A-CSI/A-SRS reports. For gNB, however, it is assumed “CSI request”/“SRS request” field corresponds to the previous MAC CE and expects other triggered A-CSI/ A-SRS reports. 
If the MAC CE application is decided with CSI/SRS report time, the principle of MAC CE timing according to the corresponding HARQ-ACK timing would be violated. The “CSI report -1” in the Fig 1 corresponds to CSI request-1. If UE assumes this CSI report is about the updated MAC CE, gNB has to assume the updated MAC CE valid before the corresponding HARQ-ACK locates.
Observation 2: If the MAC CE application is decided with CSI/SRS report time, the principle of MAC CE timing according to the corresponding HARQ-ACK timing would be violated.
To avoid the ambiguity period about activation assumptions, the MAC CE could be applied at UE side later than it is applied at gNB side. For the case which downlink and uplink frame timing are aligned at gNB, it is proposed the timing relationship about UE actions and assumptions with “Aperiodic CSI Trigger State Subselection MAC CE” and “AP SRS spatial relation Indication MAC CE” should take  and  into consideration.  relates to the timing relationship between PDSCH carrying the MAC CE and PUCCH with the corresponding HARQ-ACK while  is the timing relationship between UL grant and the scheduled PUSCH/SRS.
[image: ]
Fig. 1	Exceptional MAC CE timing relationships with DL and UL aligned at the gNB
Furthermore, if K_mac is configured for the case which DL and UL frame timing is not aligned at gNB, K_mac should also be needed for “Aperiodic CSI Trigger State Subselection MAC CE” and “AP SRS spatial relation Indication MAC CE” since the uplink transmission depends on DL transmission.
Proposal 4: For “Aperiodic CSI Trigger State Subselection MAC CE” and “AP SRS spatial relation Indication MAC CE”:
· If DL and UL is aligned at gNB, timing relationships about UE actions and assumptions should take   into consideration,
· If DL and UL is misaligned at gNB, timing relationships about UE actions and assumptions should take   and K_mac into consideration,
 where  is the timing relationship between UL grant and the scheduled PUSCH.
On K1 range extension
It was agreed to extend the value range of K1 from (0..15) to (0..31) for unpaired spectrum. According to the current specification, candidate K1 value is configured in the higher layer parameter and the exact K1 value is indicated in the “PDSCH-to-HARQ_feedback timing indicator” field in DCI. With the value range of K1 extended, the number of candidate K1 values would be increased accordingly to keep scheduling flexibility. Implicit indication could be considered to avoid extending the bit width of DCI. 
One implicit way is to configure two sets of candidate K1 values by higher layer parameters. The slot index of scheduled PDSCH is used to decide one candidate K1 set implicitly. Then extending the size of the PDSCH-to-HARQ_feedback timing indicator could be avoided. For example, in the trial ATG network stated in [2], for PDSCH in DL slot 0~16, the indicated value is one from [16,31]. For PDSCH in DL slots 17~30, the indicated value is one from [1,15]. With this implicit indication, the bit size of PDSCH-to-HARQ_feedback timing indicator field in DCI could be kept while scheduling flexibility could also be kept.


Fig. 2	Indication of K1
Proposal 5: Configure two sets of candidate K1 values. The slot index of scheduled PDSCH is used to decide one candidate K1 set.
Timing relationship between PDCCH and ordered RACH transmission
We have reached common understanding that if not introducing a timing offset for PDCCH ordered RACH in NTN, gNB will have to adopt blind detection to receive the preamble indicated by the PDCCH order, since gNB has no idea which is “the first available mapping cycle in a SSB-RO association period” after the PDCCH order without knowledge of TA applied by UE. 
The blind detection period shall be as long as TA_max-TAmin, where TA_max and TA_min stand for the maximum and minimum TA applied by UEs in the cell, respectively. Here, TA_max-TAmin which is approximately 2* Maximum Differential Delay, can be as large as 20ms for GEO and 6ms for LEO, which is not desirable.
Furthermore, in order to ensure the contention-free property of the PDCCH ordered PRACH, gNB has to avoid allocating the same PRACH resource to UEs in the blind detection period when to trigger PRACH for UEs by PDCCH orders, otherwise it will lead to preamble transmission conflict. This will kind of reduce the PRACH resource efficiency. The problem of resource efficiency reduction or preamble transmission conflict will become more serious with the increasing length of the blind detection period. 
Therefore, we think it is better to align the understanding of “the first available mapping cycle in a SSB-RO association period after the PDCCH order” for gNB and UE. The alignment can be achieved through specifying “the first available mapping cycle in a SSB-RO association period after the PDCCH order plus a timing offset”. Here, we think the timing offset introduced here could be explicitly indicated by gNB (i.e. the introduced cell-specific) or implicitly the TA reported by UE, where the TA report is currently under discussion in RAN2. 
Observation3: If not introducing a timing offset for PDCCH ordered RACH in NTN, gNB has to carry out blind preamble detection as long as TA_max-TAmin and not to allocate the same PRACH resource to UEs in the blind detection period for avoiding preamble transmission conflict. 
Proposal 6: Apply cell-specific  explicitly or reported TA implicitly to align the understanding of “next available mapping cycle in a SSB-RO association period after the PDCCH order” for gNB and UE.
Conclusion
In this contribution, we discussed more detailed enhancements about the timing relationship to support NTN. The following observations and proposals are reached:
Proposal 1: Updating  with MAC CE after initial access. 
Proposal 2: Use cell-specific  for the timing relationships related to fallback DCI formats and use updated  for the timing relationships related to non-fallback DCI formats.
Proposal 3: For determination of cell-specific K_offset in system information, signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values.
Observation 1: The application of both DL MAC CE and UL MAC CE depends on the timing of corresponding HARQ-ACK information in the current specification. With the current principle and agreements, the timing of “Aperiodic CSI Trigger State Subselection MAC CE” is based on CSI request, and the timing of “Aperiodic CSI Trigger State Subselection MAC CE” is based on SRS request.
Observation 2: If the MAC CE application is decided with CSI/SRS report time, the principle of MAC CE timing according to the corresponding HARQ-ACK timing would be violated.
Proposal 4: For “Aperiodic CSI Trigger State Subselection MAC CE” and “AP SRS spatial relation Indication MAC CE”:
· If DL and UL is aligned at gNB, timing relationships about UE actions and assumptions should take   into consideration,
· If DL and UL is misaligned at gNB, timing relationships about UE actions and assumptions should take   and K_mac into consideration,
 where  is the timing relationship between UL grant and the scheduled PUSCH.
Proposal 5: Configure two sets of candidate K1 values. The slot index of scheduled PDSCH is used to decide one candidate K1 set.
Observation3: If not introducing a timing offset for PDCCH ordered RACH in NTN, gNB has to carry out blind preamble detection as long as TA_max-TAmin and not to allocate the same PRACH resource to UEs in the blind detection period for avoiding preamble transmission conflict. 
Proposal 6: Apply cell-specific  explicitly or reported TA implicitly to align the understanding of “next available mapping cycle in a SSB-RO association period after the PDCCH order” for gNB and UE.
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