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Introduction 
Further agreements made in RAN1#110 on how to handle overlapping part between two transmission associated with two TAs, configuring two TAGs belonging to a serving cell, impact on RACH procedure etc [2]. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this contribution, we focus on several aspects to facilitate separate TAs for two TRPs, and also discuss on how one TAC works.
TRP-specific relative time adjustment 
Two time advance acquisition 
	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 with two TAs, support configuring two TAGs belonging to a serving cell.



As shown in Figure 1, TAG-specific TAC can be received by UE to acquire UL timing of each TAG based on current specification. To maintain two TAs for mDCI-based mTRP UL transmission, two TAGs belonging to a serving cell are supported. Two TACs each associating to one TAG ID is supported naturally.  


[bookmark: _Ref102150510]Timing Advance Command MAC CE 
Technically, UE receives one relative TAC associated with one TRP, and TAC associated with the other TRP can be determined by the received TAC together with DL receiving timing difference.  As shown in Figure 2 one TAC received by UE is determined based on the reference TRP for example TRP 1, then UE calculates the TA for the other TRP by utilizing the timing offset between DL receiving timing from two TRPs. 


[bookmark: _Ref102150523]Two TAC acquisitions based on DL receiving timing difference
UE derives the second TAC based on DL reference timing is useful in some cases. For example, as shown in Figure 3, considering the asymmetric demand on DL /UL data transmission, DL transmission is scheduled by two TRPs, while UL data may only be scheduled by one TRP, UL timing for PUCCH transmission towards TRP2 may not be accurate due to inaccurate TAC from TRP2 because measurement on PUCCH whose bandwidth is typically narrow will negatively impact the timing measurement accuracy.  Under the circumstances, UE can acquire UL timing for PUCCH HARQ feedback of the corresponding PDSCH towards the TRP without any SRS or PUSCH transmission based on the TAC from the TRP with SRS transmission and the difference of UE receive timing. Therefore, we propose that the UL timing can be achieved using the TAC from the TRP with SRS/PUSCH transmission and the DL timing difference between the two TRPs.


[bookmark: _Ref110860475]An example of mTRP transmission.
1. [bookmark: _Hlk111222566][bookmark: _GoBack]For the case without SRS/PUSCH but with PUCCH transmission to the second TRP, support a TA control mode that only one TAC is explicitly indicated and associated with the first TRP, with the other TA determined by the received TAC together with DL receiving timing difference between the TRPs.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Considering two TRPs may not be synchronized, the additional error will be introduced for TRP2, because the timing offset may be unfortunately compensated along with propagation delay. The offset can be calculated by utilizing two TAC received from two RACH procedures and the DL timing difference from two TRPs measured by UE as shown in Figure 4. 


[bookmark: _Ref102062476]An example of time alignment in two RACH procedures
Assuming timing offset p between non-synchronized TRPs is obtained through two RACH procedures, Table 1 provides an analysis of Rx timing offset for each TRP where TAC is calculated by DL timing difference whereas different propagation delays and timing offsets between TRPs are considered. It can be seen that UL timing for the second TRP is aligned well for all cases.
Calculation on Rx timing offset for each TRP where TAC is calculated by DL timing difference
	
	TRP1
	TRP2-a
	TRP2-b 
	TRP2-c

	DL Tx timing 
	T
	T
	T+p
	T+p

	Propagation delay 
	t
	t+d
	t
	t+d

	UE Rx timing
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	RX timing difference Δ
	Δ=0
	Δ=d
	Δ=p
	Δ=d+p

	TA offset (s=2t)
	s
	s+2Δ
	s+2Δ-2p
	s+2Δ-2p

	 DL timing reference
 (based on each TRP)
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	UE Tx timing
	T+t-s
	T+t+d-s-2Δ
	T+t+p-s-2Δ+2p
	T+t+d+p-s-2Δ+2p

	TRP Rx timing
	T+2t-s
	T+2t+2d-s-2Δ
	T+2t-s-2Δ+3p
	T+2t+2d-s-2Δ+3p

	TRP Rx timing offset
	2t-s
	2t+2d-s-2Δ
	2t-s-2Δ+2p
	2t+2d-s -2Δ+2p

	TRP Rx timing offset 
	0
	0
	0
	0



Timing error p between non-synchronized TRPs can be obtained through two RACH procedures.
[bookmark: _Hlk111222707]UL timing for the second TRP which is adjusted by the DL timing difference is well aligned.
DL reference timing
	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



As described in RAN4 spec [2], the DL timing reference for UE to adjust UL timing advance based on the effective TAC is the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. Regarding two TA adjustments, following two alternatives can be considered:
Alt 1:  two reference timings are considered
Alt 2:  one reference timing is considered
Regarding Alt 1, two timing advance adjustments can refer each DL reference timing which is applicable for both 2 TACs signaling and one TAC signaling mechanisms. Timing difference to acquire the other TA in the case of one TAC signaling can be obtained based on measurement of the two reference timings. However, Alt 2 can work well only when two TACs corresponding to each TAs is signaled, where each TA adjustment accuracy is guaranteed by the associated TAC measured based on each involved UL signal or channel. From the system perspective, it is beneficial to support both single TAC and two TACs mechanisms, without any drawbacks. To enable the system to operate with both single TAC and two TACs, two reference timings should be considered. 
1. [bookmark: _Hlk111222736]Two reference timing are considered for two TA.
In Rel-16/17 multi-TRP transmission schemes, it is assumed that the time difference between signals from two TRPs arriving at the UE is within a CP. This assumption simplifies UE implementation. From two TA perspective, the overall mechanism maybe same for both cases, timing difference between signals from two TRPs are within CP or beyond CP. However, for the case of the timing difference between signals from two TRPs arriving at the UE is beyond a CP, several issues may arise which is beyond the scope this WI. For example, for the joint HARQ-ACK feedback of PDSCHs from two TRPs, the target PUCCH carrying HARQ-ACK will be misaligned at UE and TRP side, for determination on the last DCI may be mismatched because of the large DL receiving timing difference. Hence, we propose to consider the case of timing difference between signals from two TRPs arriving at the UE is within a CP.
1. [bookmark: _Hlk111222757]UE shall assume the timing difference between signals from two TRPs arriving at the UE is within a CP. 
Relation between channels/signals and the applied TAs
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, downselect one of the options in RAN1#110bis-e:
· Option 1: Associate TAG to TCI-state/spatial relation
· Option 2: Associate TAG to CORESETPoolIndex
· Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
· Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs(e.g. via associating TAG to CORESETPoolIndex additionally, etc.)



Two TAs are maintained for two TRPs, hence UL channels and signals towards two TRPs should apply two TAs respectively. Four options are listed to down-select. 
Option 1: Associate TAG to TCI-state/spatial relation
Option 2: Associate TAG to CORESETPoolIndex
Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs (e.g. via associating TAG to CORESETPoolIndex additionally, etc.)
Option 1 requires two different frameworks for Rel-15/16 spatial relation info and TCI state in Rel-17. In addition, option 1 is unfeasible for FR1 for spatial relation info is not configured. 	DL RS group shall be configured for each TRP in Option 3, which overthrows the mTRP framework designed in Rel-16. Unexpected revision on Rel-16 mTRP design may occur based on the newly introduced DL-RS group, which is out of the scope. Option 4 makes it complicated and redundant for associating TAG to target UL channels or signals from the point of RRC signaling. Option 2 is designed based on Rel-16 mTRP framework. Each TA can be associated with the CORESETPoolIndex. Besides, in Option 2, without any further spec impact, the association between the activated TCI states and the TA is assumed, all UL transmission can validate the relationship with the activated TCI states through the shared TCI states straightforwardly or the same source RS/ root SSB in the associated TCI states/spatial relation info and the activated TCI states indirectly.
Support associate TAG to CORESETPoolIndex.
1. [bookmark: _Hlk111222874]The relation between channels/signals and the applied TAs is acquired by the assumption that TCI states activated by one MAC CE associated with one CoresetPoolIndex share one TA.
 
TRP-specific RACH procedure to achieve initial time alignment
	Agreement
For multi-DCI based multi-TRP operation with two TAs, study the impact of two TAs for the following:
· RACH triggered by PDCCH order in intra-cell MTRP case
· RACH triggered by PDCCH order in inter-cell MTRP case
· Which might require RACH enhancement as well
· UE triggered RACH by CBRA or CFRA in RRC connected mode
Further details of enhancements needed (if any)




Initial time alignment is realized by the absolute TAC carried in RAR or absolute TAC MAC CE during the random access procedure. Random access procedure can be gNB-initiated by sending PDCCH order to UE or UE-initiated by its RRC and MAC entity, for the events including DL or UL data arrival during RRC_CONNECTED when UL synchronization status is un-synchronized and to establish time alignment for a secondary TAG. Whether to enable mTRP scheduling depends on gNB and also whether TRP-specific TA is needed depends on the measurements at gNB. Hence, the gNB-initiated RACH procedure should be supported to acquire UL timing alignment to each TRP if needed. As for the UE-initiated RACH procedure, UE can access any of the TRPs, then the other TRP can send a PDCCH order to achieve timing alignment for the TRP if necessary. Considering the above scenarios, we propose to support TRP-specific PRACH triggered by the PDCCH order for both intra-cell and inter-cell mTRP.
1. [bookmark: _Hlk111222891]To achieve initial time alignment for each TRP, support TRP-specific RACH triggered by the PDCCH order for both intra-cell and inter-cell mTRP. 


[bookmark: _Ref101857511]Examples of TRP-specific time alignment by two RACH procedures 
Regarding TRP-specific RACH procedure triggered by TRP-specific PDCCH order, the first thing to consider is to clarify the association between the PDCCH order and its triggered RACH procedure. One simple solution is by utilizing the CoresetPoolIndex. More specifically, as shown in Figure 5, when UE detects a PDCCH order from the coreset configured with CoresetPoolIndex 0, UE assumes that the RACH procedure associates with the first TRP and timing with the first TRP is aligned in this procedure while if UE detects a PDCCH order from the coreset configured with CoresetPoolIndex 1, UE assumes that the RACH procedure associates with the second TRP and timing with the second TRP is aligned in this procedure. 
In inter-cell mTRP operation, the RACH procedure for the non-serving cell should be introduced to acquire UL timing alignment towards non-serving cell TRP. To achieve this, non-serving cell PCI should be informed to UE when UE detects the PDCCH order triggering RACH for the non-serving cell. In Rel-17 inter-cell mTRP, one PCI is associated with one CoresetPoolIndex. As a result, the association between PCI and the PDCCH order can be achieved also by the CoresetPoolIndex. Besides, RACH resource for each TRP should be configured to achieve TRP-specific RACH procedure triggered by PDCCH order in inter-cell mTRP operation.
[bookmark: _Hlk101425778]The association between the RACH procedure and TRP can be implicitly obtained through CoresetpoolIndex in both intra-cell and inter-cell mTRP operations. 
· Per TRP RACH resource configuration also needs to be enhanced for inter-cell MTRP cases. 
Since RACH associated to different TRP should be performed to acquire initial synchronization of UL towards both TRPs, Type1-PDCCH CSS configuration for UE to monitor the response from two TRP respectively should be further discussed. In current specification, one Type1 CSS set is configured on primary cell to monitor DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a PRACH transmission. For RACH procedure triggered for initial access, UE attempts to detect the DCI format 1_0 following the SSB/CSI-RS associated with the PRACH. For RACH for the SpCell triggered by PDCCH order, UE may assume that the PDCCH that includes the DCI format 1_0 and the PDCCH order have same DM-RS antenna port quasi co-location properties. RACH triggered for two TRP can share the type1-PDCCH CSS by using QCL assumption with PDCCH order or the associated SSB/CSI-RS respectively. However, for RACH triggered for a secondary cell, the UE may assume the DM-RS antenna port quasi co-location properties of the CORESET associated with the Type1-PDCCH CSS set. UE may use the same QCL assumption to detect DCI format 1_0 for RACH triggered for two TRPs, which seems unreasonable. Hence, Type1-PDCCH CSS configuration for each RACH procedure may be required. Or the coreset associated with the type1-PDCCH CSS should be configured or associated with two TCI states for UE to detect DCI format 1_0 for each RACH procedure separately.
[bookmark: _Hlk115452086]Further study configuration of type1 CSS for the TRP-specific RACH.
Transmission interruptions with two TAs 
	Agreement
For multi-DCI based multi-TRP operation with two TAs, study how to handle overlapping part between two UL transmissions associated with two TAs, where the study includes:
· whether to introduce scheduling restriction in overlapping part
· whether to introduce dropping rules
· [bookmark: OLE_LINK6]whether specification impact is needed, or if the issue can be handled via implementation
· whether to allow overlapped transmission in case the UE supports STxMP transmission (if STxMP feature is agreed in NR Rel-18)
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.
Note: reference timing above is the timing of the DL reception



As shown in Figure 6, two TA loops maintained for two TACs may cause UL transmission overlapping due to two separate timing adjustments of two TAGs. How to handle the overlapped channels is left to be further discussed. 


[bookmark: _Ref115267429]Two TA process loops for two TACs 
To address this issue, following three options were discussed in last meeting:
Option 1: Introduce scheduling restriction in overlapping part.
Option 2: Introduce dropping rules for overlapping parts.
Option 3: Leave it for UE or NW implementation to handle this issue.
Option 1 has more spec efforts. Firstly, scheduling gap is required for Option 1. The gap is determined by factors such as MTTD of these two TAs of a serving cell and potential time required to switch TA etc. Secondly, how to align the scheduling information for two non-ideal backhaul TRPs should be also discussed if Option1 is accepted. 
Dropping rule for UL transmission associating with a TAG is introduced in Option2. If the UL transmission is frequently scheduled from different TRPs which is typical for mTRP scenario, invalid scheduling will disable mTRP UL transmission, for overlapping frequently occurs causing frequently UL transmission dropped. 
As for Option 3, neither UE implementation nor NW implementation can work well to deal with the overlapping UL transmission. If UE implementation determines the dropped UL transmission, data with higher priority may be delayed unfortunately. Length of overlapping part is unknown at NW, so it’s hard for NW to avoid the overlapping UL transmission. 
1. Scheduling restriction or dropping rules need to be defined to handle the overlapping issue.
Length of UL transmission overlapping part depends on MTTD between two TAGs. So, scheduling restriction to avoid overlapping should consider MTTD between two TAGs. Reusing MTTD assumption defined for inter-band CA was proposed for mTRP scenario by some companies in last meeting. However, the maximum uplink timing difference of two TAs in inter-band CA case with non-co-located gNB is 8.5 us for FR2 where 8 us maximum is receiving timing difference and 0.5 us is UL TA error. Since DL timing difference is assumed within CP in Rel-16 mTRP, MTTD for the inter-band CA may not be feasible for two TAs for mTRP. 
[bookmark: _Hlk115452120]Scheduling restriction or dropping rules should be designed considering the MTTD between two TAGs.
In addition to the UL transmission timing difference which will cause UL transmission interruption, UE capabilities need to be defined for the switch time between two TA loops to guarantee UL transmission towards both TRPs. Due to the RF switch or baseband processing delay when switching TA loop, transmission from the TRP may be interrupted if UL transmission is scheduled exactly during the switch time. So, UE capability of TA switch time between two TA loops can be reported to avoid such transmission interruption.  
1. Scheduling restriction or dropping rules should be defined considering UE capabilities on the switching time between two TA loops.
Simultaneous transmission of SRS with SRS, PUCCH with PUSCH, and SRS with PUCCH using different panels is excluded from Rel-18 scope. Overlapping of these signal or channels caused by two TA shouldn’t up scope the STxMP objective in Rel-18.
1. With overlapped transmission due to two TAs shouldn’t up scope Rel-18 STxMP objective.
UE behavior in out-of-sync state
In current spec [3], UL transmission should be released when the associated TA is out-of-sync that is the associated timeAlignmentTimers expires. For two TA procedure, UE behavior when one of these TAs is out-of-sync should be further discussed. When UL sync with one TRP is lost the associated PUCCH and SRS transmission should be released naturally to avoid non-effective transmission. As for data, potential transmission can proceed towards the other TRP which maintains UL sync. 
[bookmark: _Hlk111222992]Further discuss UE behavior in out-of-sync state.
[bookmark: _Hlk47379150]Conclusions  
In this contribution, we have the following observation and proposals: 
1. Timing offset p between non-synchronized TRPs can be obtained through two RACH   procedures.
UL timing for the second TRP which is adjusted by the DL timing difference is aligned well.
1. For the case without SRS/PUSCH but with PUCCH transmission to the second TRP, support a TA control mode that only one TAC is explicitly indicated and associated with the first TRP, with the other TA determined by the received TAC together with DL receiving timing difference between the TRPs.
1. Two reference timing are considered for two TA.
1. UE shall assume the time difference between signals from two TRPs arriving at the UE is within a CP.
Support associate TAG to CORESETPoolIndex.
1. The relation between channels/signals and the applied TAs is acquired by the assumption that TCI states activated by one MAC CE associated with one CoresetPoolIndex share one TA.
1. To achieve initial time alignment for each TRP, support TRP-specific RACH triggered by the PDCCH order for both intra-cell and inter-cell mTRP. 
The association between the RACH procedure and TRP can be implicitly obtained through CoresetpoolIndex in both intra-cell and inter-cell mTRP operations. 
1. Per TRP RACH resource configuration also needs to be enhanced for inter-cell MTRP cases. 
Further study configuration of type1 CSS for the TRP-specific RACH.
1. Scheduling restriction or dropping rules need to be defined to handle the overlapping issue.
Scheduling restriction or dropping rules should be designed considering the MTTD between two TAGs.
1. Scheduling restriction or dropping rules should be defined considering UE capabilities on the switching time between two TA loops.
1. With overlapped transmission due to two TAs shouldn’t up scope Rel-18 STxMP objective.
Further discuss UE behavior in out-of-sync state.
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