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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#109-e meeting, the Rel. 18 NR_MIMO_evo_DL_UL WID [1] was discussed. The following was agreed [2] on the topic of two TAs for multi-DCI:
	Agreement
[bookmark: _Hlk109036947]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:
· [bookmark: _Hlk109035059]Alt 1: configure two TAGs within a serving cell
· Alt 2: consider two TAs within one TAG within a serving cell

Agreement
[bookmark: _Hlk109124336]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 present our views on two TAs for UL multi-DCI for multi-TRP operation and proposals for moving forward.

Two TAGs vs. One TAG
In RAN1 109-e meeting, the following was agreed regarding the number of TAGs within a serving cell.
	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



To support two TAs for UL multi-DCI for multi-TRP operation, it is necessary to maintain two TAs for a serving cell.  In Rel-15/16/17, TAGs are cell-based.  In one carrier there is only one serving cell, and that cell is assigned one TAG. According to [3], for maintenance of uplink time alignment, one TA is maintained by one TAG.  Therefore, only one TA can be maintained for a serving cell in legacy system.  In Rel-18, to support two TAs, the same principle of using one TAG to maintain one TA as in legacy system should be reused to minimize the specification impact.  Therefore, Alt 1, where two TAGs are configured within a serving cell and each TA is maintained by one TAG, should be supported.  With Alt 1, many of the existing TA maintenance-related signaling and procedures can be reused.  For example, the legacy Timing Advance Command MAC CE [3] can be reused to provide different TA for different TAG, which is identified by different TAG ID.  Alt 2, on the other hand, although can also serve the purpose of supporting two TAs, will result in more significant specification impact since two TAs need to be maintained by one TAG.
Based on the above analysis, we propose the following:
Proposal 1: For multi-DCI based multi-TRP operation, support configuring two TAGs within a serving cell.
 
[bookmark: _Ref109055239]Timing Reference for UL Transmission
In RAN1 109-e meeting, the following was agreed regarding the timing reference for UL transmission.
	Agreement
[bookmark: _Hlk109047585]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 



In the following we will examine two different options for timing reference for UL transmission.  For multi-TRP operation, let’s assume that TRP1 and TRP2 are communicating with the UE.  The two different options for timing reference for UL transmission are listed below. 
· [bookmark: _Hlk100325999][bookmark: _Hlk109046794]Option 1: one UL TA reference timing (e.g., based on TRP1) with two TAs (e.g., TRP/panel-specific). 
· [bookmark: _Hlk109046823]Option 2: two UL TA reference timings (e.g., TRP-specific) with two TAs (e.g., TRP/panel-specific).  
For each of the two options mentioned above, we will look at multiple possible cases to examine the resulting UL TRP receive timing offset, each case having different assumptions on DL transmit timing from different TRP and propagation delay between different TRP and the UE.  
Firstly, we look at Option 1 where one UL TA reference timing (e.g., based on TRP1) and two TAs (e.g., TRP/panel-specific) are utilized.  Table 1 shows the UL TA analysis for Option 1.  In Table 1 and Table 2, the notations below are used to indicate cases with combination of different assumptions on DL transmit timing and propagation delay:
· 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.
As shown in Table 1, for Option 1 with the case of TRP2-C, TRP2 may experience an UL receive timing offset that is twice as long as the TRP timing synchronization difference or propagation delay difference (as indicated in the cells with red text).  Figure 1 illustrates the timing diagrams for the case of TRP2-C for Option 1.
[bookmark: _Ref100322465]Table 1: UL TA analysis for Option 3: Two TAs (e.g., TRP-specific), and one UL TA reference timing (based on TRP1)
	
	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

	TRP Rx timing offset (us) Example 1: 
d=2us, p=2us
	0
	-2
	-2
	-4

	TRP Rx timing offset (us) Example 2: 
d=2us, p=-2us
	0
	-2
	2
	0



[image: Diagram

Description automatically generated]
[bookmark: _Ref100326112]Figure 1: Timing diagrams for the case of TRP2-C for Option 1: one UL TA reference timing (e.g., based on TRP1) with two TAs (e.g., TRP/panel-specific) 
[bookmark: _Hlk100328206]Next, we look at Option 2 where two UL TA reference timings (e.g., TRP-specific) with two TAs (e.g., TRP/panel-specific) are utilized.  Table 2 shows the UL TA analysis for Option 4.  As shown in Table 2, for Option 2, the UL receive timing offset of TRP2 is 0 for all the cases considered.  Figure 2 illustrates the timing diagrams for the case of TRP2-C for Option 2.
[bookmark: _Ref100326217]Table 2: UL TA analysis for Option 4: Two TA offset (e.g., TRP-specific), and two UL TA reference timings (e.g., TRP-specific)
	
	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 (TRP-specific) = (c)
	T+t
	T+t+d
	T+t+p
	T+t+d+p

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

	(g) TRP Rx timing = (f) + (b)
	T
	T
	T+p
	T+p

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



[image: Diagram

Description automatically generated with medium confidence]
[bookmark: _Ref100327434]Figure 2: Timing diagrams for the case of TRP2-C for Option 2: two UL TA reference timings (e.g., TRP-specific) with two TAs (e.g., TRP/panel-specific)  
[bookmark: _Hlk100331452][bookmark: _Hlk100328442]One key observation from the above analysis is that for Options 1 with only one reference timing, there exists cases that a TRP will experience UL receive timing offset much longer (such as twice as long) than TRP timing synchronization difference or propagation delay difference. In other words, for Option1 with only one reference timing, even if the multi-TRP signals in the DL are within one CP length, the UL receive timing offset may still be larger than one CP length.  This issue becomes even more severe in FR2 considering the fact that the CP length for FR2 is much shorter than that for FR1 due to the use of larger subcarrier spacing.  Utilizing Option 2 with two reference timings, on the other hand, can remove the UL receive timing offset.  
To investigate the impact of UL receive timing offset/TA error on UL performance, a set of PUSCH evaluations have been performed.  In the simulations, all cases are with carrier frequency 4 GHz, SCS 30 kHz, UE speed 3 km/h, and 4T4R for UL. In addition, codebook and non-codebook based PUSCH, with 1 layer and 2 layers, and on TDL-A 30 ns and TDL-C 300 ns channels have been simulated. The simulation results are presented in Figure 3 to Figure 7.  In the simulations, the UE is served by 2 TRPs, i.e., TRP1 and TRP2, but its UL TA is adjusted only according to TRP1, so its UL TA to TRP 2 has an offset/error compared with other UL TA for UEs adjusted according to TRP2. We sweep the TA error from –100% CP to + 150% CP.
From the simulation results, we have the following observations:
· For TDL-A 30 ns
· TA error of +30% CP leads to no performance degradation
· All other cases (TA error of -100% CP ~ -30% CP, ≥ +70% CP) lead to performance degradation
· TA error of -30% CP and +70% CP have about 1~2 dB performance degradation
· TA error of -70% CP and more, and +100% CP have significant performance degradation
· For TDL-C 300 ns
· TA error of +/-30% CP leads to no performance degradation
· All other cases (TA error of larger than +/-70% CP) lead to performance degradation
· TA error of +70% CP have about 1~2 dB performance degradation
· TA error of -70% CP and more, and +100% CP have significant performance degradation
Thus, even if the UL receive timing offset/TA error is within a CP length, PUSCH performance degradation is possible and can be detrimental. What can be generally tolerable is [0,+50%] of CP length in UL receive timing offset/TA error.  However, based on our previous analysis on Options 1 and 2, using Options 1 with only one reference timing can cause the UL receive timing offset/TA error falling out of the tolerable range, resulting in significant UL performance degradation.  Option 2 with two reference timings on the other hand, can make sure the UL receive timing offset/TA error is within the tolerable range, resulting in no UL performance degradation. 
Based on the above analysis, we propose the following:
[bookmark: _Hlk109055280]Proposal 2: For multi-DCI multi-TRP operation with two TAs, support two reference timings where reference timing is the timing of the DL reception. 
[bookmark: _Ref52454871]
Need for Two TA Offsets
In RAN1 109-e meeting, the following was agreed regarding the number of n-TimingAdvanceOffset.
	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



According to [4], the UL transmit timing should be [image: ] before the corresponding DL reference timing, where  
· NTA_offset is provided by n-TimingAdvanceOffset (e.g., in ServingCellConfig IE [7]) for the serving cell [6] and can take the value of 0, 25600, and 39936 for FR1 and 13792 for FR2 [5].  
· NTA is provided by either Random Access Response (RAR) or Timing Advance Command MAC CE [3].
As discussed in Section 3, for multi-DCI multi-TRP operation with two TAs, two reference timings should be supported, where reference timing is the timing of the DL reception.  With two reference timings and two NTA, one NTA_offset is then sufficient to derive two UL transmit timings.
Based on the above analysis, we propose the following:
Proposal 3: For multi-DCI multi-TRP operation with two TAs, support one n-TimingAdvanceOffset value per serving cell together with two reference timings, where reference timing is the timing of the DL reception. 

Association of TA to UL Channels/Signals
In RAN1 109-e meeting, the topic of association of TA to UL channels/signals was discussed and the following three alternatives were proposed: 
· Alt 1: each TA is associated with one of the coresetPoolIndices.  
· Alt 2: each TA is associated with one unified TCI state/spatial relation.
· [bookmark: _Hlk109137866]Alt 3: each TA is associated with a different TAG, which is associated with a group of UL channels/signals.
Regarding Alt 1, we understand the goal is to make coresetPoolIndex act as TRP ID, and an association between the coresetPoolIndex and UL channels/signals also needs to be established (e.g., via RRC), especially for periodic/semi-persistent UL channels/signals.  However, we also note that in RAN1 109-e meeting, it has been agreed to support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.  In Rel-17 inter-cell multi-DCI multi-TRP, in order to associate coresetPoolIndex to additional PCI, the coreset within the coresetPoolIndex needs to be activated with Rel-17 TCI state which includes additionalPCI-r17 info.  However, since Rel-17 inter-cell multi-DCI multi-TRP is based on Rel-15/16 TCI framework, it is unclear how the Rel-17 TCI state can be utilized to associate the coresetPoolIndex with additionalPCI-r17.  Also in Rel-15/16 TCI framework, the UL channels/signals configuration utilizes spatial information, instead of joint or UL TCI state defined in Rel-17 TCI framework, it is unclear how the coresetPoolIndex can be associated with additionalPCI-r17.  Therefore, Alt 1 has issues supporting inter-cell multi-DCI multi-TRP.
Regarding Alt 2, we understand the idea is to associate each TA with one unified TCI state/spatial relation by including a TAG in each such unified TCI state/spatial relation. The UL transmissions associated with a unified TCI state/spatial relation would apply the TA associated with the TAG included in the unified TCI state/spatial relation.  However, one issue of Alt 2 is that the number of TA could be larger than 2 if the number of indicated unified TCI states is larger than 2.
Regarding Alt 3, the idea is to associate each TA with a different TAG (e.g., with a different TAG ID).   A TAG may be configured for a SSB/TRS resource. Any UL signals/channels QCLed to the SSB/TRS resource, directly or indirectly, are then associated with the TAG identified by the TAG ID.  When the SSB/TRS is associated with an additionalPCI-r17, the TAG configured for the SSB/TRS is then associated with a TRP associated with the additionalPCI-r17, which is a PCI different from that of the serving cell.  Therefore Alt 3 can support inter-cell multi-DCI multi-TRP easily.
Based on the above analysis, we propose the following:
Proposal 4: For multi-DCI multi-TRP operation with two TAs, each TA is associated with a different TAG, which is associated with a group of UL channels/signals. 

PRACH/Random Access Procedure Enhancements
To acquire TAs from multiple TRPs, the UE needs to transmit PRACH to multiple TRPs, most likely using different panel for different TRP with different UL TCI state.  Therefore, enhancements to PRACH/random access procedure in a carrier are needed. 
Assuming that TRP1 and TRP2 are communicating with the UE, a PDCCH order may be used to trigger the UE to initiate a random access procedure.  For appropriate transmission of the PRACH, it is necessary to identify the targeted TRP of the transmission such that UL transmission parameters such as PL-RS can be set correctly.  
One way to identify the targeted TRP is as follows.  For a PDCCH order received on a CORESET associated with a coresetPoolIndex, the targeted TRP of the PRACH transmission triggered by the PDCCH order should be the one associated with the coresetPoolIndex.  
Another way to identify the targeted TRP is as follows.  For a PDCCH order received with a QCL relation/TCI state linking to a SSB/TRS, e.g., the DMRS of the PDCCH is QCLed with the SSB/TRS, the targeted TRP of the PRACH transmission triggered by the PDCCH order should be the one associated with the SSB/TRS.
Based on the above analysis, we propose the following:
Proposal 5: For multi-DCI multi-TRP operation with two TAs, support PDCCH order triggering PRACH transmission to obtain a second TA. 

Conclusions
In this contribution, we present our views on two TAs for UL multi-DCI for multi-TRP operation.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: For multi-DCI based multi-TRP operation, support configuring two TAGs within a serving cell.
Proposal 2: For multi-DCI multi-TRP operation with two TAs, support two reference timings where reference timing is the timing of the DL reception.
Proposal 3: For multi-DCI multi-TRP operation with two TAs, support one n-TimingAdvanceOffset value per serving cell together with two reference timings, where reference timing is the timing of the DL reception.
Proposal 4: For multi-DCI multi-TRP operation with two TAs, each TA is associated with a different TAG, which is associated with a group of UL channels/signals.
Proposal 5: For multi-DCI multi-TRP operation with two TAs, support PDCCH order triggering PRACH transmission to obtain a second TA.
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[bookmark: _Ref52888036]Appendix
M-TRP PUSCH performance with UL receive timing offset/TA error:
[image: ]
[bookmark: _Ref100593428]Figure 3: M-TRP PUSCH performance with UL receive timing offset/TA error, TDL-A 30 ns, codebook, 1 layer
[image: ]
Figure 4: M-TRP PUSCH performance with UL receive timing offset/TA error, TDL-A 30 ns, codebook, 2 layers

[image: ]
Figure 5: M-TRP PUSCH performance with UL receive timing offset/TA error, TDL-A 30 ns, non-codebook, 2 layers

[image: ]
Figure 6: M-TRP PUSCH performance with UL receive timing offset/TA error, TDL-C 300 ns, codebook, 1 layer

[image: ]
[bookmark: _Ref100593413]Figure 7: M-TRP PUSCH performance with UL receive timing offset/TA error, TDL-C 300 ns, non-codebook, 2 layers
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