[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #104-e				R1-2100304
e-Meeting, January 25th – February 5th, 2021
Source 	: CAICT
Title 	: Timing relationship enhancements to support NTN
[bookmark: Source]Agenda Item	: 8.4.1
Document for	: Discussion / Decision
Introduction
[bookmark: _Hlk49429056]In the RAN1 #102e and #103e meeting, timing relationship enhancements in NTN were discussed and the following agreements were reached [1][2].	
Agreement:
· Introduce K_offset to enhance the following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.
· The transmission timing of HARQ-ACK on PUCCH.
· The CSI reference resource timing.
· The transmission timing of aperiodic SRS.
· Note: Additional timing relationships that require K_offset of the same or different values can be further identified.
[bookmark: _Hlk49428996]For Koffset used in initial access, the information of Koffset is carried in system information. 
· FFS implicit and/or explicit signaling of Koffset in system information.
· FFS a cell specific Koffset value used in all beams of a cell and/or each beam in a cell uses a beam-specific Koffset value.
· FFS whether/how to update Koffset after initial access.
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.
· 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.
· 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.
The following working assumption was made in the RAN1 #103e meeting.
Working Assumption:
[bookmark: _GoBack]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.
In this contribution, we will discuss more possible enhancements about the timing relationship in NTN.
Additional timing relationships that need timing offset
It was agreed to introduce an offset  to modify several relevant timing relationships. In the last meetings, there were also proposals to apply the  in other timing relationships as the 2-step RACH timing relationship, configured grant PUSCH timing relationship, DCI 2_0 scheduled SFI timing relationship, PDCCH and PDCCH ordered PRACH, and etc. In the following, further considerations would be discussed.
· Configured grant timing relationships
The 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” was reached in the last meeting. This working assumption could be agreed to our opinion. 
Proposal 1: To confirm the 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”.
· Timing relationship between PDCCH and corresponding ordered RACH transmission 
RACH procedure can be carried out in a contention-based way or in a contention-free way. The contention-free RACH procedure will be triggered by the PDCCH order or the UE specific RRC signaling. In the PDCCH order triggering RACH procedure, it will provide the preamble index, the SSB index, and PRACH Mask index. A UE then selects the next available PRACH occasion (RO) associated to the indicated SSB index and PRACH Mask index after receiving the PDCCH order. However, if a timing advance is pre-compensated to the PRACH transmission, such PRACH occasion determination manner will not work since the timing-gap between the time of receiving PDCCH order and the time of selected RO might be smaller than the necessary pre-compensated TA. For example, we assume that there are 4 SSBs in a SSB Burst Set and each SSB is mapped to 2 ROs, as shown in Fig.1. A UE receives the PDCCH ordering trigger RACH procedure at time  and selects the RO at time , which is the next available RO associated to the indicated SSB index (=2) and PRACH Mask(=1) in the PDCCH order. The actual transmitting time of the selected RO is , which might be before  or the timing gap   is not large enough for UE to process the PDCCH order receiving and preamble transmission. Here  is the TA applied to the PRACH transmission.  
[image: ]
Fig. 1 The illustration of RO selection in the RACH procedure triggered by PDCCH order
Observation 1: If a TA is pre-compensated to the PRACH transmission, current PRACH occasion determination manner in the RACH procedure triggered by PDCCH order will not work, since the timing-gap between the time of receiving PDCCH order and the time of selected RO might be smaller than the necessary pre-compensated TA.
Therefore, we note that the timing gap between the selected RO and PDCCH order triggering RACH procedure shall be larger than the sum of TA for PRACH transmission and the processing time required for receiving PDCCH order and PRACH preparation time. However, if gNB does not know the pre-compensated TA at UE side, it will not know which RO selected by the UE. Therefore, in order to align the timing gap between the selected RO and PDCCH order triggering RACH procedure at gNB side and UE side, we suggest that a new timing offset is indicated from gNB to UE to determine the above timing gap, or UE shall indicate gNB of the TA applied to RO as the timing offset. When a RACH procedure is trigged by PDCCH order, UE shall select the next available RO after the timing offset according to the indication of PDCCH order, as shown in Fig.2 taking the example in Fig.1. Considering that the pre-compensated TA at UE side is fast changing with the moving of satellite in LEO scenario, we think it should at least support that the timing offset is explicitly indicated by gNB. 
[image: ]
Fig. 2 The illustration of RO selection after a timing offset in the RACH procedure triggered by PDCCH order
Proposal 2: When a RACH procedure is trigged by PDCCH order, UE shall select the next available RO after a timing offset according to the indication of PDCCH order, where the timing offset can use the  explicitly indicated by gNB or implicitly related to the TA reported by UE.
· DCI 2_0 scheduled SFI timing relationship
In the past discussions, some companies have suspicions about the necessity of DCI format 2_0 in NTN which the prioritized case is FDD. To our observation, SFI is also necessary to be used in FD, as well as TDD. According to [3], if the UE is configured to detect DCI format 2_0 and if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible symbols, semi-statically configured UL transmission in these symbols are correspondingly canceled. The semi-static UL transmission includes configured grant PUSCH, periodic SRS, periodic CSI/SR transmission on PUCCH, and etc. In NTN, UL transmission based on semi-static configuration would be universal due to the propagation delay of dynamic scheduling. It is inevitable to adjust the configured UL transmission through DCI format considering the efficiency of UL multiplexing. For example, one UE is possible to be scheduled instantaneous UL transmission on the semi-static configured resources for another UE(s) UL transmission. The corresponding UL transmission of the other UE(s) is to be disabled. 
On the other hand, since K_offset has been introduced to enhance timing relationships in NTN, additional specification efforts to apply the K_offset in the DCI 2_0 scheduled SFI timing relationship could be marginal. It would be a rash decision to exempt DCI format 2_0 from enabling/disabling semi-static configured UL transmission in FDD NTN. 
Observation 2: It would be a rash decision to exempt DCI format 2_0 from enabling/disabling semi-static configured UL transmission in NTN considering it would be used in the prioritized FDD use cases and additional specification efforts could be marginal.
Proposal 3: To apply  in the DCI 2_0 scheduled SFI timing relationship.
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 4: gNB has the flexibility of configuring cell-specific or beam specific value of .
Updating Koffset after initial access
In the last meeting, it was supported by majority companies that update  after initial access is configurable by gNB. 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 . For the case of UE-specific TA includes UE autonomous determined TA, the gNB may have no knowledge of actual applied UE-specific TA. To operate efficient UL scheduling, it is proposed for the UE to report its autonomous TA to the gNB when the corresponding value of  is to be changed at the UE side. 
Proposal 5: The value corresponds to UE-specific TA could be used as the updated . UE reports its autonomous TA to the gNB when the corresponding value of  is to be changed at the UE side.
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 6: 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.
Value ranges of K1 and K2
With UE-specific  updating corresponding to the UE-specific TA, the need of extending the value range of K1/K2 would be marginal in FDD. 
Observation 3: With UE-specific  updating corresponding to the UE-specific TA, the need of extending the value range of K1/K2 would be marginal in FDD.
For possible TDD use cases with more contiguous DL slots, the current ranges for / would be insufficient to support PDSCH/UL grant transmission in the earlier DL slots of the contiguous DL slots because the timing gap between the earlier DL slots and available UL slot would be more than the largest value supported by current /. As a result, only later DL slots of the contiguous DL slots could be used to transmit PDSCH/UL grant due to the restriction of / value. This would make the system inefficient. For / indication for the case of more contiguous DL slots in TDD, explicit or implicit way could be used.
· Option 1: Explicit indication.
Scheduling could be more flexible and efficient while the bit width of the corresponding indication in the DCI would also be more than before.
· Option 2: Implicit indication
· Alt1: Some predefined value of / corresponds to certain UL slots, and other / values each corresponds to one value from the predefined values. 
For example, the certain UL slots is the first UL slot after the contiguous DL slots. The earlier DL slots of the contiguous DL slots could use the predefined value to support PDSCH/UL grant transmission with the linked UL transmission in the certain UL slot. Then, it is possible to keep the bit width for DL-UL timing indication as before.
· Alt 2: The value of / is used to indicate DL-UL timing which DL corresponds to the last DL slot of the contiguous DL slots. 
Instead of indicating the timing gap between the DL Slot with PDSCH/UL grant, the predefined values for /could be reused and the bit width for DL-UL timing indication could be unchanged.
· Alt 3: The contiguous DL slots are divided into two groups. 
The DL slots in the each group corresponds different predefined values of /. With the group index corresponds to different predefined values of /, the bit width for DL-UL timing indication could be kept. 
Proposal 7: To enhance K1/K2 indication with explicit or implicit way in TDD system which is with more contiguous DL slots. 
MAC CE timing relationship
In the previous meeting, it was agreed no additional offset K_mac other than  is needed for UE action and assumption on downlink and uplink configuration indicated by a MAC-CE command. However, exceptional MAC CE timing relationship(s) that may or may not require K_mac could be considered.
If the MAC CE command is for UL transmission, there are two cases:
(1) Corresponding UL transmission is independent of instantons DL scheduling, such as semi-persistent SRS/CSI activation/deactivation, Scell activation/deactivation, and etc.
For this case, UL transmission according to the MAC CE command could be valid  slots after the time when HARQ-ACK is transmitted at UE side. When this UL transmission reaches gNB after one-trip propagation delay, the HARQ-ACK for MAC CE also has been received and be activated by gNB.
(2) Corresponding UL transmission is based on gNB scheduling, such as the activation/deactivation of elements in configured CSI-AperiodicTriggerStateList, configured SRS resource set and etc.
For this case, UL scheduling according to the updated MAC CE command is only feasible after this MAC CE command is valid at the gNB side. The scheduling information would reach UE side after one-trip propagation delay. Before UE receives the scheduling information, UL transmission based on scheduling which relates to MAC-CE command should take previous assumed.
Proposal 8: For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the UL or an assumption on the uplink configuration, if UL transmission depends on gNB instantaneous UL scheduling, the UE assumes the command is activated in the UL slot (at UE side) , where  corresponds to the minimum propagation delay which the instantaneous UL scheduling is needed from gNB to 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: To confirm the 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”.
Observation 1: If a TA is pre-compensated to the PRACH transmission, current PRACH occasion determination manner in the RACH procedure triggered by PDCCH order will not work, since the timing-gap between the time of receiving PDCCH order and the time of selected RO might be smaller than the necessary pre-compensated TA.
Proposal 2: When a RACH procedure is trigged by PDCCH order, UE shall select the next available RO after a timing offset according to the indication of PDCCH order, where the timing offset can use the  explicitly indicated by gNB or implicitly related to the TA reported by UE.
Observation 2: It would be a rash decision to exempt DCI format 2_0 from enabling/disabling semi-static configured UL transmission in NTN considering it would be used in the prioritized FDD use cases and additional specification efforts could be marginal.
Proposal 3: To apply  in the DCI 2_0 scheduled SFI timing relationship.
Proposal 4: gNB has the flexibility of configuring cell-specific or beam specific value of .
Proposal 5: The value corresponds to UE-specific TA could be used as the updated . UE reports its autonomous TA to the gNB when the corresponding value of  is to be changed at the UE side.
Proposal 6: 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.
Observation 3: With UE-specific  updating corresponding to the UE-specific TA, the need of extending the value range of K1/K2 would be marginal in FDD.
Proposal 7: To enhance K1/K2 indication with explicit or implicit way in TDD system which is with more contiguous DL slots. 
Proposal 8: For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the UL or an assumption on the uplink configuration, if UL transmission depends on gNB instantaneous UL scheduling, the UE assumes the command is activated in the UL slot (at UE side) , where  corresponds to the minimum propagation delay which the instantaneous UL scheduling is needed from gNB to UE.
Reference
[1] [bookmark: _Ref16867189][bookmark: _Ref61875683]Chairman's Notes RAN1#102-e final
[2] [bookmark: _Ref61104967]Chairman's Notes RAN1#103-e final
[3] [bookmark: _Ref47429448][bookmark: _Ref47599297]3GPP TS 38.213 V16.2.0, “Physical layer procedures for control”




image1.png
PDCCH order transmitting
‘(SSBID:Z PRACH Mask ID=1}

gNB -
Association PaFem Period

lext available RO according to the PDCCH order

ROs R

T T T T
SSBO  SSB1 SSB2 SSB3

{ssBO  SSB1 SSB2 SSB3

T T T T
[SSBO  SSB1 SSB2 SSB3

UE

" Nextavailable RO according to the PDCCH order

ROs

T T T T T T T T T T T
SSBO  SSB1 SSB2 SSB3 |SSBO  SSB1 |SSB2 SSB3 |SSBO  SSB1  SSB2 SSB3
| SN
TA, t1

t1-TA,

pre

ore

Select next available RO




image2.png
PDCCH order transmitting
‘(SSBID:Z PRACHMaskID=1}  Timing Offset

__..---Nextavailable RO after the timing offset
according to the PDCCH order

Nextavailable RO after the timing offset

N
gNB ¥ 1

Association Pf]ﬁem Period |

T T T T T T T T T T T

SSBO  SSBL SSB2 SSB3 {sSBO  SSB1 SSB2 SSB3 |SSBO  SSBL SSB2 SSB3

PDCCH order receiving
{5SBID=2, PRACH MaskID=1} Timing Offset

UE

ROs

according to the PDCCH order

SSBO  SSBL SSB2 SSB3

T T T T
iSSBO  SSB1 SSB2 SSB3





