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1. Introduction
In RAN1 #111 meeting, following agreements were achieved on two TAs for UL multi-DCI for multi-TRP operation. 
	
Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP at least for inter-cell Multi-DCI.
· FFS: for intra-cell Multi-DCI
· FFS: whether there are any restrictions needed
· FFS: if cross TRP RACH triggering is an optional feature

Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support CFRA triggered by PDCCH order for both intra-cell and inter-cell cases.

Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, there is no consensus to support enhancements for CBRA triggered by PDCCH order.

Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it is up to RAN2 to decide whether there is a need to enhance CBRA procedure to support per TRP UE-initiated RACH procedure.
Agreement: Send LS to RAN2 regarding the above conclusion. Final LS in R1-2213004.



In this contribution, TA related issues are discussed with the following outline: TA acquisition is discussed in section 2. In Section 3, TA indication signalling design is considered. Association between TA and uplink transmission is discussed in section 4. In section 5, TAT issue is discussed. A brief conclusion is given in section 6. 
2. Initial TA acquisition
In RAN1 #111 meeting, following working assumption was made on the PRACH configuration for inter-cell multi-TRP operation,  
	Working Assumption
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
· the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI 



In RAN1 #111 meeting, it has been agreed that for inter-cell multi-TRP operation with two TA enhancement, support the case where a PDCCH order send by one TRP triggers RACH procedure towards either the same or a different TRP. In the case that PDCCH order sent by one TRP trigger RACH procedure toward the TRP of a different cell, in addition to the association between SSB and PRACH occasion(ssb-perRACH-OccasionAndCB-PreamblesPerSSB), the time and frequency domain resource for the PRACH occasion also need to be configured. Upon receiving PDCCH order from gNB, UE will transmit preamble indicated in the PDCCH order by ra_PreambleIndex, the beam used to transmit the preamble is the receiving beam of the associated SSB indicated in the PDCCH order by SS/PBCH Index, the RO associated with the SS/PBCH index has been configured to UE through ssb-perRACH-OccasionAndCB-PreamblesPerSSB, considering that one SS/PBCH index might be associated with more than one RO, the ultimate RO to transmit the preamble is determined by the PRACH Mask Index in the PDCCH order. The time domain and frequency domain resource for the PRACH occasion can be determined by the RRC configuration and look up table 6.3.3.2-2 in TS38.211.

Table 1 Fields of DCI of PDCCH order
	PDCCH order field
	Size
	Description

	Identifier for DCI formats
	1 bit
	Value should be “1” indicating DCI Format 1_0

	Frequency domain resource assignment
	
	 is the size of DL BWP. This field is all ones indicating that this is a PDCCH order.

	Random Access Preamble index
	6 bits
	ra_PreambleIndex. If this is all 0 a CBRA procedure is triggered, else the ra_PreambleIndex is used for a CFRA procedure.

	UL/SUL indicator
	1 bit
	If SUL is configured, and ra_PreambleIndex is not all 0, this field indicates UL carrier, else it is reserved. When indicating UL carrier: “0” is for normal uplink and “1” is for SUL.

	SS/PBCH Index
	6 bits
	If ra_PreambleIndex is not all zeros, the SS/PBCH block index used to determine the associated RO to transmit the preamble on, else reserved.

	PRACH Mask Index
	4 bits
	If ra_PreambleIndex is not all zeros, this parameter is used to determine the RO to transmit the preamble on, else reserved.

	Reserved bits
	10 bits
	



Proposal 1:　The following working assumption is confirmed. 
	Working Assumption
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI



Proposal 2:  For inter-cell MTRP operation with two TA enhancements, in addition to the association between SSB and PRACH occasion, the time and frequency domain resource for the PRACH occasion can also be configured for the corresponding configured additional PCI.
Regarding to the TA acquisition of the second TRP of non-serving cell, the following agreement were achieved on the RACH procedure triggered by PDCCH order:
	Agreement
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support a mechanism to determine which PRACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to be used in the RACH procedure triggered by PDCCH order
· FFS:  Explicit indication or implicit indication through PDCCH order 



In our opinion, to obtain the TA of the second TRP of non-serving cell, RACH triggered by PDCCH order similar to those of the intra-cell M-TRP can be performed. The PDCCH order can be sent by the serving cell TRP or the non-serving cell TRP. If the PDCCH order is sent by the serving cell TRP to trigger the RACH toward another TRP, SSB and preamble index with the non-serving cell index can be introduced in the PDCCH order. 
Proposal 3: For inter-cell MTRP operation with two TA enhancements, to obtain the initial TA of the non-serving cell TRP, RACH triggered by PDCCH order similar to those of the intra-cell M-TRP can be performed. SSB and preamble index with the non-serving cell index/indicator are included in the PDCCH order to indicate explicitly the RACH procedure belong to another TRP/cell. 
Upon reception of the PDCCH order, UE will send preamble of the index ra_PreambleIndex indicated in the PDCCH order with the beam that receives SSB with the index SS/PBCH Index included in the same PDCCH order. This preamble is detected at the gNB and with the detected preamble; the round-trip delay from UE to TRP2 is estimated and indicated to UE from serving cell as TAC by MAC RAR. 
Proposal 4: For inter-cell MTRP operation with two TA enhancements, the estimated TA is included in MAC RAR and indicated to UE by serving cell.
UE will receive RAR MAC PDU in the RAR window after sending the preamble and use the TA command (12bits) included in the MAC RAR to calculate the absolute value of timing advance NTA. To determine the TA included in the MAC RAR belong to the first TRP or the second TRP, in RAN 1 #110bis e-meeting, the following agreements were achieved:
	Agreement
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support at least one of the following alternatives (down selection to be done in RAN1#111):
· Alt 1:  indicate TAG ID as part of TA command in RAR
· Alt 2:  indicate TAG ID as part of PDCCH order
· Alt 3:  divide SSBs into two groups, one for each TRP.    If a SSB associated to a RACH procedure belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 4:  divide RACH resources into two groups, where for a RACH procedure, if the corresponding RACH resource belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 5:  divide preambles into two groups, where for a RACH procedure, if the corresponding preamble belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP
· Alt 6:   TAG ID is associated with CORESETPoolIndex and TAG ID is determined based on the CORESETPoolIndex of PDCCH order
· Alt 7:  Each TCI state is associated with a TAG ID, and the TAG ID corresponding to RACH triggered by a PDCCH order is determined based on the TCI state used to receive the PDCCH order
Note: If Alt 1 or Alt 2 is down selected, then it does not preclude indication of two TAG IDs (if supported)



To determine the TA/TAG included in the MAC RAR belong to the first TRP or the second TRP, TAG ID can be explicitly indicated in RAR, as described in Alt1. Upon the reception of the indication, UE will apply the TA to the TRP according to the association between TAG and TRP e.g. TCI state/spatial relation/CORESETPoolIndex etc. 
For Alt3, all the SSBs are divided into two groups and each group is associated with one TRP. The association is configured to UE. If a SSB included in the PDCCH order associated to a RACH procedure belongs to the nth(n=1, 2) TRP, the TA obtained in the MAC RAR will be applied to the nth TRP.  Alt 3 has a limitation on the scheduling of SSB transmission, only a group of SSB can be sent by one TRP.  Alt4 and Alt 5 have similar principle as Alt3 except the preamble instead of SSB is divided into two groups. Similarly, they will degrade the flexibility of RACH. For example, preamble/RO allocated to TRP1 cannot be used for TRP2.
For Alt6, TAG ID is implicitly indicated through the CORESETPoolIndex of the PDCCH order. E.g. when UE detects that PDCCH order has CORESETPoolIndex #1(corresponding to the second TRP), UE determines TAG ID to be #2 according to the association between TAG ID and CORESETPoolIndex. UE will use the corresponding NTA(i.e. initial TA of TAG ID#2), together with a timing offset NTA_offset provided by gNB to perform timing adjustment of uplink transmission on the basis of the downlink receiving frame for the second TRP.  Alt 6 has the assumption that PDCCH order sent by one TRP triggers RACH procedure towards the same TRP. 
Proposal 5: For intra-cell multi-DCI based Multi-TRP operation with two TA enhancements, prefer indicating TAG ID as part of TA command in RAR explicitly (i.e. Alt1) as high priority. Meanwhile, Alt6 is supported as low priority considering the cross-TRP RACH trigger. Alt1 can be also applied to the case of inter-cell MTRP operation.
Regarding to the reception of the PDCCH scheduling the RAR, In RAN1 #110bis e-meeting there are the following alternatives:
	Agreement
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support one of the alternatives (down selection to be done in RAN1#111):
· Alt 1: PDCCH scheduling RAR will always be received from serving cell  there is no need for additional type 1 CSS configuration per additional PCI
· Alt 2: In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported  additional type 1 CSS configuration per additional PCI needs to be supported


Considering that in Rel-17 non-UE dedicated PDCCH/PDSCH can only be transmitted by the serving cell, per additional PCI type 1 CSS configuration seems not necessary. 
For non-ideal backhaul TRP, if the RAR from the second TRP can’t be received within the ra-ResponseWindow due to the non-ideal backhaul of the TRP(2~50ms), UE will resend the preamble to the second TRP.
Proposal 6: PDCCH scheduling RAR will always be received from serving cell. i.e. Alt.1. is supported. 
3. TA updating
In RAN1#110bis e-meeting, the following agreements on TA indication for TA updating were achieved [1]:
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support enhancements related to indicating TAG ID via absolute TA command:
· FFS: whether the indication is implicit or explicit
· Detailed indication schemes are FFS
· This does not preclude indication of two TAG IDs (if supported)
· Note: This applies at least to MSGB in case of C-RNTI.




In NR Rel-15/16, if uplink out-of-synchronization is detected, gNB will estimate timing advance by triggering an uplink reference signal (e.g. preamble) transmission. The estimated TA is indicated to UE by TA command MAC-CE, where TA Command is operated with TAG (Timing Advance Group) identified by TAG ID. Each TAG consists of a group of CCs sharing a same TA. Upon the indication from gNB, UE will calculate the absolute value of the timing advance and use it on the consequent PUSCH/PUCCH transmission, the absolute value is calculated by:
NTA_new = NTA_old + (TA-31)*16*64/2u. TA = 0, 1, 2, 3, …, 63.
where TA is indicated by gNB, 2u represents the SCS of 2u * 15K. NTA_old is the absolute value of TA for previous TA adjustment. 
The TA indication mechanism can be extended to UL multi-DCI for multi-TRP transmission, where two TAs are needed to adjust the corresponding uplink transmission to different TRPs. In the indication, two TACs are signaled, each consists of one TAG and the corresponding TA to one TRP transmission. The association between TAG and TRP is implicitly determined, e.g. TAG is associated to TCI-state/spatial relation/CORESETPoolIndex.
Upon reception of the two TAC indications, UE will calculate absolute value of each TA by:
NTA_new_1 = NTA_old_1 + (TA1-31)*16*64/2u. TA1 = 0, 1, 2, 3, …, 63.
NTA_new_2 = NTA_old_2 + (TA2-31)*16*64/2u. TA2 = 0, 1, 2, 3, …, 63.
Where TA1 and TA2 are the two TAs indicated by gNB, NTA_old_1 and NTA_old_2 are the absolute value of TA in previous TA adjustment for TRP1 and TRP2 respectively. 
UE will use NTA_new_1 and NTA_new_2 to adjust the consequent PUSCH/PUCCH transmission to TRP1 and TRP2 according to the association between TRP and TAG ID respectively. 
Proposal 7: For TA indication in TA updating, support the network signals two TACs. Each TAC consists of an explicit TAG ID and the corresponding absolute TA command. 
4. Association between TA and Uplink transmission
In RAN1 #110bis e-meeting, association between TA and TRP were discussed with the following agreements:
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the four options agreed in RAN1#110bis-e are refined as below (down-selection of one or a combination of the options to be performed in RAN1#111):
· Option 1: Associate TAG to TCI-state/spatial relation
· Configure TAG ID as part of UL/joint TCI state or spatial relation
· for UL transmission, the TAG ID associated with the UL/joint TCI state or spatial relation is utilized
· Option 2: Associate TAG to CORESETPoolIndex
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, P/SP-SRS, and P/SP-PUCCH, coresetPoolIndex is RRC-configured.
· FFS:   Other signals/channels:  AP-SRS, and dynamic HARQ-ACK
 
· Option 3: Associate TAG to SSB group (if such an association is agreed in agenda 9.1.1.2). For a UL transmission, UE adopts the TAG associated with the SSB group such that
· if the PL RS is an SSB, then the UE adopts the TAG associated with the SSB group which the PL RS of the UL transmission belongs to
· if the PL RS is a CSI-RS, then the UE adopts the TAG associated with the SSB group which the QCL source SSB of the PL RS belongs to 
· Option 4:  TAG association performed as follows:
· for dynamically scheduled/activated channels/signals, TAG associated with the CORESET pool index of the CORESET carrying the scheduling PDCCH is utilized for UL transmission
· for P/SP UL channels / signals (not scheduled or activated by DCI), TAG ID is RRC-configured.



For Option 1, each TAG can be associated with TCI state/Spatial Relation info of the PUSCH/PUCCH transmission. When two TCI states/Spatial Relation info are indicated for PUSCH/PUCCH transmission to two TRPs, the TA of the associated TAG can be used to the uplink transmission accordingly. In the implementation, each TAG consists of a CC group that can be used for one TRP, UE maintains one TA for each TAG. The design in Option 1 is simple and flexible to be extended to other cases like L1/L2 mobility. For the case of FR1 in the legacy framework where spatial relation info for uplink transmission is not configured. A possible solution is to associate TAG to the TCI-state of the PDCCH that schedules uplink transmission. 
For option 2 and option 4, each TAG can be associated with the CORESETPoolIndex of the CORESET dynamically scheduling the uplink channels/signals. When an uplink channel, e.g. PUSCH is scheduled, the absolute TA indicated by the TAG associated with the CORESETPoolIndex of the CORESET carrying the scheduling PDCCH will be applied. In the current specification CORESETPoolIndex is widely used to identify TRP ID in both intra-cell multi-DCI based multi-TRP and inter-cell muti-DCI based multi-TRP scenarios. It provides a very clear association between scheduling DCI and DL/UL signals. So using CORESETPoolIndex association with TAG will has good compatibility with legacy TRP indication.
 The difference between option 2 and option 4 is that for P/SP UL channels/signals which is not scheduled or activated by DCI, CORESETPoolIndex is configured for option 2 while TAG ID is configured for option 4. CORESETPoolIndex is mainly for DL operation, configuring CORESETPoolIndex to uplink channels seems not appropriate, furthermore, option 2 is not forward-compatible considering two TA may be considered for S-DCI based multi-TRP. 
For option 3, DL RS group is configured for each TRP, which breaks the multi-TRP framework designed in Rel-16, leading to a serious spec impact on Rel-16 multi-TRP design. 
Proposal 8: For association between TA and uplink transmission, support option 1 and option 4. 
5. On TAT issue
In NR Rel-16/17, one TimeAlignmentTimer(TAT) is used in TA adjustment and is configured to UE in TAG. 


TAG ::=                             SEQUENCE {
    tag-Id                              TAG-Id,
    timeAlignmentTimer                 TimeAlignmentTimer
}

TimeAlignmentTimer ::= ENUMERATED {ms500, ms750, ms1280, ms1920, ms2560, ms5120, ms10240, infinity}

UE will perform TA adjustment in the period indicated by TimeAlignmentTimer. Both gNB and UE consider that uplink synchronization is maintained during this period. If TAT expires, UE will flush all HARQ buffers for all serving cells and release PUSCH/PUCCH/SRS transmission for all serving cells, meanwhile, UE will maintain NTA of all TAGs [2]. 
In case that UL non-synchronization happens due to TAT expiration and there is UL data arrival, UE will initiate CBRA.  In case that UL non-synchronization happens due to TAT expiration and there is DL data arrival, PDCCH ordered RACH is initiated [3].
In Rel-18 TA enhancements for multi-TRP operation, 2TAs are used with each corresponds to one UE-to-TRP uplink transmission.  In the process of TA adjustment, whether 2 TATs each corresponds to one UE-to-TRP uplink transmission shall be used is an issue to be considered. 

Proposal 9: Consider whether 2 TATs should be considered in 2TA enhancement for multi-DCI based multi-TRP operation.
If two TATs are considered for multi-DCI based multi-TRP operation, two TATs will be configured independently in each TAG, with each TAT corresponds to one UE-to-TRP uplink transmission. In the procedure of TA maintenance, suppose one of the two TATs expires, e.g. TAT1 corresponding to UE-to-TRP1 uplink transmission expires, the behavior of UE should be re-defined considering that the legacy UE behavior is defined per serving cell, if HARQ buffer or PUSCH/PUCCH/SRS is cleared per cell according to the legacy, the UE-to-TRP2 uplink transmission will be terminated, leading to a serious performance degradation. A possible solution is to clear the corresponding HARQ buffer/HARQ process of the expired TAT/TAG and clear the PUSCH/PUCCH/SRS transmission of the expired TAT/TAG. In the implementation, if two HARQ entities are considered for 2 TRPs, when one TAT expires, the HARQ buffer of the expired TRP/TAG shall be cleared. In case one HARQ entity is considered for 2 TRPs in multi-TRP operation, the relationship between HARQ process and TRP/TAG can be recorded by physical layer for each scheduling, when one TAT expires, the statistics was requested from MAC layer from physical layer and then the HARQ process of the expired TRP/TAG will be cleared. 

Proposal 10: If two TATs are considered, the UE behavior when one or two TATs expire shall be re-defined. E.g. clear the HARQ buffer/process of the expired TAT/TAG and the corresponding PUSCH/PUCCH/SRS uplink transmission. 
6. Conclusions
In this contribution, we focus on the enhancement on two TAs for uplink multi-DCI for multi-TRP operation, Initial TA acquisition, TA updating, Association between TA and Uplink transmission and TAT issue are mainly discussed. We have the following proposals:
Proposal 1:　The following working assumption is confirmed. 
	Working Assumption
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI



Proposal 2:  For inter-cell MTRP operation with two TA enhancements, in addition to the association between SSB and PRACH occasion, the time and frequency domain resource for the PRACH occasion can also be configured for the corresponding configured additional PCI.
Proposal 3: For inter-cell MTRP operation with two TA enhancements, to obtain the initial TA of the non-serving cell TRP, RACH triggered by PDCCH order similar to those of the intra-cell M-TRP can be performed. SSB and preamble index with the non-serving cell index/indicator are included in the PDCCH order to indicate explicitly the RACH procedure belong to another TRP/cell. 
Proposal 4: For inter-cell MTRP operation with two TA enhancements, the estimated TA is included in MAC RAR and indicated to UE by serving cell.
Proposal 5: For intra-cell multi-DCI based Multi-TRP operation with two TA enhancements, prefer indicating TAG ID as part of TA command in RAR explicitly (i.e. Alt1) as high priority. Meanwhile, Alt6 is supported as low priority considering the cross-TRP RACH trigger. Alt1 can be also applied to the case of inter-cell MTRP operation.
Proposal 6: PDCCH scheduling RAR will always be received from serving cell. i.e. Alt.1. is supported. 
Proposal 7: For TA indication signaling design, support the network signals two TACs. Each TAC consists of an explicit TAG ID and the corresponding absolute TA command. 
Proposal 8: For association between TA and uplink transmission, support option 1 and option 4.
Proposal 9: Consider whether 2 TATs should be considered in 2TA enhancement for multi-DCI based multi-TRP operation.
Proposal 10: If two TATs are considered, the UE behavior when one or two TATs expire shall be re-defined. E.g. clear the HARQ buffer/process of the expired TAT/TAG and the corresponding PUSCH/PUCCH/SRS uplink transmission. 
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