[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #106-e				R1-2107167
e-Meeting, August 16th – 27th, 2021
Source 	: CAICT
Title 	: Timing relationship enhancements to support NTN
[bookmark: Source]Agenda Item	: 8.4.1
Document for	: Discussion / Decision
Introduction
In the RAN1 #105-e meeting, timing relationship enhancements in NTN were discussed and the following agreements are addressed [1]. In this contribution, we will further discuss the possible enhancements about timing relationships in NTN.
Discussion  
 update
For , whether updating the value after initial access would be based on MAC CE or RRC reconfiguration was discussed in the previous meetings. It was observed that the updating of  could be frequent in some cases and be rare in other cases. Considering the requirements in different scenarios, it is proposed to support three options for  updating: RRC reconfiguration, MAC CE, RRC reconfiguration and MAC CE in the specification. gNB could decide the signal based on actual implementation.
Proposal 1: Support three options for  updating: RRC reconfiguration, MAC CE, RRC reconfiguration and MAC CE in the specification.
Application of 
For the application of  in system information, there are the following agreement in the last meetings.
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:
The K_offset value signaled in system information is always used for
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
· The transmission timing of Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
FFS: how to treat additional transmission timings related to fallback DCI formats 
FFS: how to update this formulation with beam-specific K_offset if beam-specific K_offset is agreed to be supported

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.
Timing relationship between PDCCH and ordered RACH transmission
Currently, the problem of timing relationship in the procedure of PDCCH ordered RACH is getting clearer. If not to introduce a timing offset here, gNB will have to blindly detect 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 can 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 indicating the same preamble ID and PRACH mask ID to any two UEs in the blind detection period when to trigger PDCCH ordered RACH, otherwise it will lead to a 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 or implicitly the TA reported by UE, where the TA report is currently under discussion in RAN2. 
As for how much gain it will obtain by introducing an offset to align the RACH resource understanding between gNB and UE in this issue, we think it depends on the RACH resource configuration and the frequency to trigger UL synchronization, beside the cell size which determines the length of TA_max-TAmin. Generally, the denser the RACH resource is configured and more frequently the UL synchronization is triggered by PDCCH order, more blind detections is in need for gNB without an offset here. Considering that it usually needs to configure large amount of RACH resource due to large cell coverage in NTN, UL non-synchronization can be quite often in the NTN with feeder link and LEO-NTN, and PDCCH order is the only way to initiate RACH on Scell, we think it is important to reduce the blind detection cost at gNB for PDCCH ordered RACH in NTN and the corresponding gain is considerable.   
Observation1: In PDCCH ordered RACH based on current specification, gNB has to carry out blind preamble detection as long as TA_max-TAmin, and not to indicate the same preamble ID and PRACH mask ID to any two UEs in the blind detection period for avoiding preamble transmission conflict. 
Proposal 3: Introduce a timing offset explicitly or implicitly in PDCCH ordered RACH to align the understanding of “next available mapping cycle in a SSB-RO association period after the PDCCH order” for gNB and UE, and thus to reduce the blind detection.
On K1 range extension
The following agreement was reached in the RAN1 #104bis-e meeting:
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.

[bookmark: _GoBack]In the current specification, the range of K1 is [0,15] and the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI is 3 bits. This translates into the timing gap between PDSCH and HARQ-ACK could be one value from 8 configured K1 values in [0,15]. For the trial ATG network stated in [2] which K1 range extension was justified needed, if the current mechanism is reused without enhancements, the 8 values of K1 should cover different segments within [0,31] to guarantee DL scheduling. That is, the timing gap between PDSCH and HARQ-ACK would be one value from 8 configured K1 values in [0,31]. Obviously, scheduling flexibility would be impacted. Extending K1 was introduced mainly for the trial ATG network. Adding new bit in the DCI would impact the coverage and backward compatibility, it is not preferred from our point to at this time. Implicit indication could be considered to avoid extending the bit width of DCI.
Proposal 4: Enhance the HARQ-ACK timing indication without extending the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
One implicit way is to configure two sets of candidate K1 values by higher layer parameters as shown in the Fig.2 below. 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. In the stated trial ATG network, 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	K1 configuration and indication
Proposal 5: Configure two sets of candidate K1 values. The slot index of scheduled PDSCH is used to decide one candidate K1 set. 
Conclusion
In this contribution, we discussed more detailed enhancements about the timing relationship to support NTN. The following observation and proposals are reached:
Proposal 1: Support three options for  updating: RRC reconfiguration, MAC CE, RRC reconfiguration and MAC CE in the specification.
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.
Observation1: In PDCCH ordered RACH based on current specification, gNB has to carry out blind preamble detection as long as TA_max-TAmin, and not to indicate the same preamble ID and PRACH mask ID to any two UEs in the blind detection period for avoiding preamble transmission conflict. 
Proposal 3: Introduce a timing offset explicitly or implicitly in PDCCH ordered RACH to align the understanding of “next available mapping cycle in a SSB-RO association period after the PDCCH order” for gNB and UE, and thus to reduce the blind detection.
Proposal 4: Enhance the HARQ-ACK timing indication without extending the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
Proposal 5: Configure two sets of candidate K1 values. The slot index of scheduled PDSCH is used to decide one candidate K1 set.
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