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1. Introduction
In RAN1#109-e meeting, following agreements were made for two TAs in M-DCI M-TRP [1]. 
	Agreement
Enhancement on two TAs for UL multi-DCI for multi-TRP operation is supported in Rel-18.
Note 1: whether (1) the network signals two TACs or (2) the network signals one TAC and the UE deriving the second TA can be further studied.
Note 2: evaluations can be considered on as-needed basis.
Agreement
For multi-DCI based multi-TRP operation, down-select one of the two alternatives:
· Alt 1: configure two TAGs within a serving cell
· Alt 2: consider two TAs within one TAG within a serving cell
Agreement
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.
Agreement
Enhancements on two TAs for UL multi-DCI for multi-TRP operation are applicable to both FR1 and FR2.
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· Alt 1:  two reference timings are considered
· Alt 2:  one reference timing is considered
Note: reference timing above is the timing of the DL reception 
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives further in Rel-18:
· Alt 1:  one n-TimingAdvanceOffset value per serving cell
· Alt 2:  two n-TimingAdvanceOffset value per serving cell
Conclusion
For multi-DCI multi-TRP operation with two TAs, the decision on the maximum uplink timing difference is left up to RAN4.
· Send an LS to RAN4 asking them the maximum uplink timing difference RAN1 can assume between the two TAs for multi-DCI multi-TRP operation. The LS is endorsed in R1-2205593.
Agreement
Two TA enhancement for uplink multi-DCI based multi-TRP operation are applicable to at least:
· TDM based multi-DCI uplink transmission
· simultaneous multi-DCI uplink transmission (if simultaneous uplink multi-DCI uplink transmission is supported in Agenda 9.1.4.1)
· Note: Whether two TA enhancement is applicable to other schemes is a separate discussion, which is not in the scope of AI 9.1.1.2.


In this contribution, we discuss enhancements on two TAs for UL transmission for M-DCI M-TRP operation.
2. Discussion 
In Rel-17, UL frame number i for transmission from UE shall start  before the start of the corresponding downlink frame at the UE, where  is indicated by MAC RAR and TAC MAC CE. TAC in MAC RAR indicates the TA used for the first uplink transmission after the reception of RAR. TAC in MAC RAR indicates a value of  = 0, 1, 2, ..., 3846 and . TAC in TAC MAC CE indicates TA adjustment from current TA to a new TA. TAC in TAC MAC CE indicates a value of  = 0, 1, 2, ..., 63 and . 
To support per TRP TA, , TAC in TAC MAC CE, TAC in MAC RAR, and reference DL frame timing need to be considered. 
For , following two alternatives were discussed in the last meeting.  is used to provide a gap between UL and DL at TRP. From our perspective, it is not necessary to provide different  for two TRPs of a same serving cell. Thus, Alt.1 is preferred.
· Alt 1:  one n-TimingAdvanceOffset value per serving cell
· Alt 2:  two n-TimingAdvanceOffset value per serving cell
Proposal 2.1: 
· One n-TimingAdvanceOffset value is provided per serving cell.
For TAC in TAC MAC CE, it is indicated per TAG in Rel-17 where each TAG may contain multiple serving cells and a TAC indicated for a TAG applies to all serving cells in the TAG. To indicate per TRP TA, following alternatives were discussed in the last meeting.
· Alt 1: configure two TAGs within a serving cell
· Alt 2: consider two TAs within one TAG within a serving cell
With Alt.1, two TRPs of a serving cell with different TA can be configured in two TAGs. With TAC indicated and maintained per TAG as in Rel-17, per TRP TA can be easily supported. With Alt.2, two TRPs of a serving cell with different TA are configured in the same TAG. With TAC indicated and maintained per TAG, for a serving cell deployed with non-synchronized M-TRP in a TAG, the TAC indicated and maintained for the TAG can only be applied to one of the TRPs of the serving cell. For each serving cell with non-synchronized M-TRP, for the other TRP of the serving cell an additional TA needs to be indicated and maintained, which may require more overhead of TA indication and is more complicated. Thus, Alt.1 is preferred.
Proposal 2.2: 
·  Two TAGs can be configured for two TRPs of a serving cell.
If two TAGs are configured for a serving cell, some issues related to TAG need to be further studied. In legacy procedure, a TAG containing SpCell is referred as PTAG, whereas other TAGs are referred as STAG. UE behavior is defined respectively for the case when timeAlignmentTimer of a PTAG or a STAG expires as below.
	3GPP TS 38.321 V17.1.0 (2022-06)
5.2	Maintenance of Uplink Time Alignment
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
2>	else if the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3>	flush all HARQ buffers;
3>	notify RRC to release PUCCH, if configured;
3>	notify RRC to release SRS, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	maintain NTA (defined in TS 38.211 [8]) of this TAG.


If two TRPs of a serving cell are configured in two TAGs, for SpCell whether two TAGs are referred as PTAG or one of them is referred as STAG needs to be discussed. Furthermore, considering the case when timeAlignmentTimer of one of the TRPs of a serving cell expires and UE may still be synchronized with the other TRP, UE behavior when timeAlignmentTimer of one of the TRPs of a serving cell expires needs to be discussed. For these issues, since per TRP TA is supported for both intra-cell M-TRP and inter-cell M-TRP, both intra-cell M-TRP and inter-cell M-TRP need to be considered. For inter-cell M-TRP, since non-UE-dedicated signaling can only be received from serving cell TRP, whether a TRP is a serving cell TRP or a non-serving cell TRP needs to be considered. Considering that these UE behavior are defined in RAN2 spec., details of these issues can be discussed in RAN2.
Proposal 2.3: 
· If two TRPs of a serving cell are configured in two TAGs, for SpCell whether two TAGs are referred as PTAG or one of them is referred as STAG needs to be studied. Details can be discussed in RAN2.
· If two TRPs of a serving cell are configured in two TAGs, UE behavior when timeAlignmentTimer of one of the TRPs of a serving cell expires needs to be studied. Details can be discussed in RAN2.
 For TAC in MAC RAR, following options can be considered
· Option1: TAC in MAC RAR is applied to both TRPs
· Option2: TAC in MAC RAR is applied to one TRP
To obtain TA of a TRP, RACH procedure to the TRP can be triggered. It is straightforward that the TAC in MAC RAR is applied to the TRP to which the RACH procedure is triggered. For RACH triggering, PDCCH ordered RACH procedure can be considered and the TAC in MAC RAR is applied to the TRP associated with the PDCCH order.
Proposal 2.4:
· PDCCH ordered RACH can be triggered to obtain per TRP TA. The TAC in MAC RAR is applied to the TRP associated to the PDCCH order.
In addition, to obtain TA in RACH procedure, more enhancements are needed for inter-cell M-TRP. To trigger RACH procedure to a non-serving cell TRP, RACH configuration of the non-serving cell needs to be provided to UE. Whether a PDCCH order is for serving cell or non-serving cell should be also studied. For example, if a PDCCH order is associated with the non-serving cell TRP, UE applies the RACH configuration of the non-serving cell.
Proposal 2.5:
· For inter-cell M-TRP, RACH configuration of non-serving cell needs to be provided to UE. 
· Study how to indicate whether a PDCCH order is associated with serving cell or non-serving cell. If PDCCH order is associated with non-serving cell TRP, UE applies the RACH configuration of the non-serving cell.
For reference DL frame timing, following options were discussed in the last meeting. 
· Alt 1:  two reference timings are considered
· Alt 2:  one reference timing is considered
In [2], TRP Rx timing offset with per TRP TA and one reference DL frame timing was analyzed, and the results are shown in Table I. As discussed in [2], three scenarios of M-TRP are considered.
· TRP2-A: DL transmit timing of TRP2 is perfectly synchronized with that of TRP1. The propagation delay between TRP2 and the UE is d us longer than that between TRP1 and the UE. 
· TRP2-B: There exists a p us delay between DL transmit timing of TRP2 and that of TRP1. The propagation delay between TRP2 and the UE is the same as that between TRP1 and the UE. 
· TRP2-C: There exists a p us delay between DL transmit timing of TRP2 and that of TRP1. The propagation delay between TRP2 and the UE is d us longer than that between TRP1 and the UE. 
Taking TRP1 and TRP2-C as an example, it can be observed that TRP Rx timing offset at TRP2-C is d+p, which is equal to the difference between UE Rx timing from two TRPs. If synchronized M-TRP DL Rx is assumed, i.e., UE DL Rx timing difference should be within a CP, the UL Rx timing offset at TRP is also within a CP. Thus, per TRP TA and one reference DL frame timing is sufficient.
Table I: TRP Rx timing offset with per TRP TA and one DL reference timing [2]
	
	TRP1
	TRP2-A
	TRP2-B
	TRP2-C

	(a) TRP Tx timing (us)
	T
	T
	T+p
	T+p

	(b) Propagation delay (us)
	t
	t+d
	t
	t+d

	(c) UE Rx timing = (a) + (b)
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	(d) TA offset (TRP-specific) = 2*(b)
	2t
	2t+2d
	2t
	2t+2d

	(e) UL TA reference timing (based on TRP1) 
	T+t
	T+t
	T+t
	T+t

	(f) UE Tx timing = (e) – (d)
	T-t
	T-t-2d
	T-t
	T-t-2d

	(g) TRP Rx timing = (f) + (b)
	T
	T-d
	T
	T-d

	(h) TRP Rx timing offset = (g) – (a)
	0
	-d
	-p
	-d-p


Proposal 2.6:
· One reference DL frame timing is considered.
Last but not the least, with per TRP TA, how to associate a PUSCH/PUCCH/SRS transmission with a TRP needs to be studied. 
Proposal 2.7: 
· Study association between PUSCH/PUCCH/SRS transmission and TRP.
3. Conclusion
In this contribution, we discussed enhancements on two TAs for UL for M-DCI M-TRP operation. Based on the discussion, we made following proposals.
Proposal 2.1: 
· One n-TimingAdvanceOffset value is provided per serving cell.
Proposal 2.2: 
·  Two TAGs can be configured for two TRPs of a serving cell.
Proposal 2.3: 
· If two TRPs of a serving cell are configured in two TAGs, for SpCell whether two TAGs are referred as PTAG or one of them is referred as STAG needs to be studied. Details can be discussed in RAN2.
· If two TRPs of a serving cell are configured in two TAGs, UE behavior when timeAlignmentTimer of one of the TRPs of a serving cell expires needs to be studied. Details can be discussed in RAN2.
Proposal 2.4:
· PDCCH ordered RACH can be triggered to obtain per TRP TA. The TAC in MAC RAR is applied to the TRP associated to the PDCCH order.
Proposal 2.5:
· For inter-cell M-TRP, RACH configuration of non-serving cell needs to be provided to UE. 
· Study how to indicate whether a PDCCH order is associated with serving cell or non-serving cell. If PDCCH order is associated with non-serving cell TRP, UE applies the RACH configuration of the non-serving cell.
Proposal 2.6:
· One reference DL frame timing is considered.
Proposal 2.7: 
· Study association between PUSCH/PUCCH/SRS transmission and TRP.
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