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Introduction
[bookmark: _Hlk49429056]In the RAN1 #104e meeting, timing relationship enhancements in NTN were discussed and the following agreements were reached [1].	
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 will discuss more possible enhancements about timing relationships in NTN.
Discussion
Configuration of 
Koffset in initial access
It is agreed at lease cell specific  configuration which is used in all beams of a cell should be supported while FFS whether beam specific  is supported in system information and used in initial access. To our understanding, the common value of  in the system information should cover the maximum propagation delay within coverage. The foresaid coverage could be cell coverage or beam coverage. Cell coverage could be much larger than beam coverage since multiple beams could be used in one cell. Then, it is proposed for the gNB to have flexibility of configuring cell specific or beam specific  in the system information to have controllable latency performance in the initial access procedure.
Proposal 1: gNB has the flexibility of configuring cell-specific or beam specific value of .
Updating Koffset after initial access
In the last meeting, update of K_offset after initial access was agreed. In principle, the value of  is used to compensate the large propagation between network and the UE. The value of timing advance for each UE corresponds to respective propagation delay and could have consistent understanding between network side and UE side. To our opinion, the value corresponds to UE-specific TA could be used to update . Furthermore, UE group common  could also be considered to balance the signaling overhead and latency performance.
Proposal 2: The value corresponds to UE-specific TA could be used to update . UE group common  could also be considered.
In the system, fallback DCI is usually used before initial access, in the transition period of RRC reconfiguration, during handover procedure, and etc. In these procedures, the value of  should cover the maximum propagation delay within cell coverage since gNB and UE may have inconsistent understanding of UE-specific propagation delay. It is proposed to use cell specific  when fallback DCI is used. When the non-fallback DCI is operating, UE-specific propagation delay could be consistent between gNB and UE. Considering efficiency and latency requirements, UE specific  could be used. Therefore, it is proposed to use cell-specific  for the timing relationships related to fallback DCI formats and use updated UE-specific  for the timing relationships related to non-fallback DCI formats.
Proposal 3: Use cell-specific  for the timing relationships related to fallback DCI formats and use updated UE-specific  for the timing relationships related to non-fallback DCI formats.
MAC CE timing relationships
In the RAN1 #103e meeting, 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.

Whether to support the case which DL and UL are misaligned at the gNB was discussed in the previous meeting. Furthermore, if both of the cases which DL and UL aligned and misaligned at the gNB are supported, whether to prioritize the case which DL and UL are aligned at the gNB was also discussed. To our understanding, if the time reference point is at satellite, additional complexity is needed at network side to manage corresponding scheduling timing. If the time reference point is at the gNB, more efforts to keep synchronization would be needed. It is proposed misaligned and aligned DL and UL at the gNB have equal priority.
Proposal 4: Misaligned and aligned DL and UL at the gNB have equal priority.
It is 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”. With the current agreements, gNB and UE could decide a unified moment when an updated MAC CE becomes valid. Nevertheless, it is possible an uplink grant is transmitted before the moment while received after the moment. As a result, there would be inconsistent assumptions about which A-CSI/A-CSI reports are triggered. This is illustrated in the Fig 1 below where DL and UL are aligned at the gNB. The updated “Aperiodic CSI Trigger State Subselection MAC CE” is to be valid at t3. The earliest DCI with A-CSI triggering according to the updated MAC CE could reach UE at t4. If a DCI is received during t3 and t4, the UE illustrates the “CSI request” field according to the updated MAC CE and performs corresponding A-CSI report. For gNB, however, it is assumed “CSI request” field corresponds to the previous MAC CE and expects other triggered A-CSI reports. To avoid the ambiguity period about activation assumptions on activated CSI-AperiodicTriggerStateList and SRS-Resource, the MAC CE should be applied at UE side later than it is applied at gNB side. Therefore, 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.
[image: ]
Fig. 1	Exceptional MAC CE timing relationships with DL and UL aligned at the gNB
Furthermore, K_mac is needed for downlink MAC CE if DL and UL frame timing is not aligned at gNB. Similarly, K_mac should also be needed for “Aperiodic CSI Trigger State Subselection MAC CE” and “AP SRS spatial relation Indication MAC CE” since the implement depends on DCI transmission.
Proposal 5: 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 is 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 6: Configure two sets of candidate K1 values. The slot index of scheduled PDSCH is used to decide one candidate K1 set.
Additional timing relationships that need timing offset
It was agreed to introduce an offset  to modify several relevant timing relationships. In the following, further considerations would be discussed about PDCCH and PDCCH ordered PRACH, SFI timing relationship, and etc.
· Timing relationship between PDCCH and corresponding ordered RACH transmission 
According to the discussions in last meeting, the problem of timing relationship in the procedure of PDCCH ordered RACH is getting clearer. 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 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. 
Observation1: 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 7: Introduce a timing offset explicitly or implicitly to align the understanding of “next available mapping cycle in a SSB-RO association period after the PDCCH order” for gNB and UE.
· DCI 2_0 scheduled SFI timing relationship
In the last RAN1 meetings, SFI timing relationship was discussed and it was proposed to apply  in the DCI 2_0 scheduled SFI timing relationship. 
To our observation, SFI is necessary both for TDD and for FDD scenarios. In TDD, DCI 2_0 is used to dynamically change uplink and downlink resources. In FDD/TDD, SFI could be used to dynamically enable/disable semi-static UL transmissions which includes flexible semi-static symbols, like configured grant PUSCH, periodic SRS, periodic CSI/SR transmission on PUCCH, and etc. The dynamic enable/disable semi-static UL transmissions is beneficial for interference management and UL multiplexing in NTN. 
 applying to SFI timing relationship should at least cover RTD between network and UE. For GEO network, the maximum RTD in GEO transmission could be 541.46ms which corresponds to at least 542 slots for the case of SCS=15KHz. For other SCS configurations, there would be more slots gap between DCI format 2_0 and the indicated slots. Currently, the value of maxNrofSlotFormatsPerCombination is 512. It is impossible to absorb  into Slot format indicator. Therefore, it is hard to handle the issue of SFI timing relationship by implementation.
Observation 2: DCI format 2_0 is necessary both for TDD and for FDD scenarios. SFI is beneficial for interference management and UL multiplexing in NTN. It is hard to handle the issue of SFI timing relationship by implementation in NTN.
Some companies think SFI timing relationship is not critical currently and could be addressed after more NTN designs are converged like configuration and updating of , and etc. We think it is sensible to discuss the SFI timing relationship with more converged NTN designs achieved.
Proposal 8: Discuss the SFI timing relationship with more converged NTN designs achieved.
· RACH timing relationship in case of SI message update
In terrestrial network, if the SI message is going to get updated, a modification period is used, i.e. updated SI message (other than SI message for ETWS, CMAS and positioning assistance data) is broadcasted in the modification period following the one where SI change indication is transmitted. When a UE receives the SI change indication in a modification period, it will apply the SI acquisition procedure starting from the next modification period. After receiving the updated SI, UE will carry out the RACH procedure based on the RACH configuration in the updated SI. 
We note that at gNB, the earliest arrival time of Msg1 based on the updated SI from the closest UE would be , where  is the time of sending out the updated SI at gNB,  stands for the minimum propagation delay of the service link, and  is the time gap between the arrival time of the updated SI and the earliest available transmission time of Msg1 based on the updated SI at the side of closest UE. In the duration from time  to , gNB can detect Msg1 (preamble) based on the RACH configuration in the previous SI. Well at gNB, the latest arrival time of Msg1 based on the updated SI from the furthest UE would be , where  stands for the maximum propagation delay of the service link, and  is the time gap between the arrival time of the updated SI and the earliest available transmission time of Msg1 based on the updated SI at the side of furthest UE. After the time , gNB can detect Msg1 based on the RACH configuration in the updated SI. However, in the duration from time  to , which is approximately  , gNB has to detect Msg1 blindly based on the RACH configurations in both previous and updated SI. The timing relationship for sending Msg1 in case of SI update is shown in Fig.1. 


Fig. 3 Timing relationship for sending Msg1 in case of SI update.

From our observation, such blind detection might make it hard for gNB to distinguish whether the Msg1 is sent based on the updated SI or previous SI and it also improves the detection complexity. The problem of Msg1 confusion might further lead to fail the related RACH procedures and enlarge the time cost for RACH procedures. In TN, such negative impact can be ignored since the duration of  and the propagation delay is quite small. However, for NTN, it is necessary to re-evaluate the negative impact since a RACH procedure is quite time-cost due to the large propagation delay. If the negative impact needs to be avoid for NTN, a timing offset can be introduced here for activating the RACH configuration in the updated SI. 
Generally, we think similar blind detection problems in other procedures due to updating SI or RRC configurations also need for further study, and it might also need to introduce a timing offset to solve such problems.   
Observation 3: In case of SI update in NTN, by using the same manner for RACH attempt in TN, there exists a period that needs blind preamble detection based on the RACH configurations in both previous SI and updated SI. 
Proposal 9: Re-evaluated the negative impact in NTN caused by blind preamble detection based on RACH configurations in both previous and updated SI.
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: gNB has the flexibility of configuring cell-specific or beam specific value of .
Proposal 2: The value corresponds to UE-specific TA could be used to update . UE group common  could also be considered.
Proposal 3: Use cell-specific  for the timing relationships related to fallback DCI formats and use updated UE-specific  for the timing relationships related to non-fallback DCI formats.
Proposal 4: Misaligned and aligned DL and UL at the gNB have equal priority.
Proposal 5: 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 6: Configure two sets of candidate K1 values. The slot index of scheduled PDSCH is used to decide one candidate K1 set.
Observation1: 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 another UE in the blind detection period for avoiding preamble transmission conflict. 
Proposal 7: Introduce a timing offset explicitly or implicitly to align the understanding of “next available mapping cycle in a SSB-RO association period after the PDCCH order” for gNB and UE.
Observation 2: DCI format 2_0 is necessary both for TDD and for FDD scenarios. SFI is also beneficial for interference management and UL multiplexing in NTN. It is hard to handle the issue of SFI timing relationship by implementation in NTN.
Proposal 8: Discuss the SFI timing relationship with more converged NTN designs achieved.
[bookmark: _GoBack]Observation 3: In case of SI update in NTN, by using the same manner for RACH attempt in TN, there exists a period that needs blind preamble detection based on the RACH configurations in both previous SI and updated SI. 
Proposal 9: Re-evaluated the negative impact in NTN caused by blind preamble detection based on RACH configurations in both previous and updated SI.
Reference
[1] [bookmark: _Ref61875683][bookmark: _Ref16867189]Chairman's Notes RAN1#104-e final
[2] [bookmark: _Ref66975256]R1-2101042, “Discussion on timing relationship enhancements for NTN”, CMCC




oleObject1.bin
文本�

0



image3.emf
gNB

Closest UE 

Modification Period n

Modification Period n+1

SI update

SI change indication

Receive the updated SI

T1-TAmin

T1

TAmin

Next available RO based on 

the updated SI 

Msg1 with TAmin

T0

T0+umin

earliest time for Msg1 detection 

based on the updated SI)

T0+2umin+T

pro1

Msg1 Detection based on the previous SI

T

pro1

Furthest UE 

Receive the updated SI

T2-TAmax T2

TAmax

Next available RO based on 

the updated SI 

Msg1 with TAmax

T0+umax

T

pro2

latest time for Msg1 detection 

based on the previous SI)

Msg1 Detection based 

on the updated SI

T0+2umax+T

pro2

Blind Msg1 detection based on 

the previous SI and updated SI


Microsoft_Visio___.vsdx
gNB
Closest UE
Modification Period n
Modification Period n+1
SI update
SI change indication
Receive the updated SI
T1-TAmin
T1
TAmin
Next available RO based on the updated SI
Msg1 with TAmin
T0
T0+umin
earliest time for Msg1 detection based on the updated SI)
T0+2umin+Tpro1
Msg1 Detection based on the previous SI
Tpro1
Furthest UE
Receive the updated SI
T2-TAmax
T2
TAmax
Next available RO based on the updated SI
Msg1 with TAmax
T0+umax
Tpro2
latest time for Msg1 detection based on the previous SI)
Msg1 Detection based on the updated SI
T0+2umax+Tpro2
Blind Msg1 detection based on the previous SI and updated SI



image1.emf
gNB DL

gNB UL

UE UL

H

A

R

Q

-

A

C

K

t

0

t

2

t

3

…… ……

…… ……

…… ……

UE DL

t

4

t

1


image2.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

S

D

U 

HARQ-ACK

K1∈[0, 15]

K1∈[16, 31]


