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Introduction
The approved WID [1] includes enhancements on MIMO for Rel-18, including multi-TRP enhancement, CSI enhancement, reference signal enhancement, and uplink transmission enhancement. Specifically for multi-TRP enhancement, there are for sub-topics, regarding unified TCI frame work extension, simultaneous multi-panel UL transmission, power control for UL single DCI, and two TAs for multi DCI, respectively.
	7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.



In this contribution, we discuss the enhancement on two TAs for multi-DCI based M-TRP operation.
Discussion
The following agreements were made in RAN1 #109-e.
	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.



Use cases of two TAs
When it comes to different TA per TRP/panel, there are three factors to be considered.
1. Difference of propagation delay between a UE and each TRP
2. DL reference timing offset between TRPs
3. Inter-UE-panel delay
Especially, UE distributed antenna system (DAS) implementation is being attractive in automotive industry. As being requested by LS from 5GAA [2], two TA feature would be useful for vehicle DAS UE. For vehicle DAS UE, each TA value could be managed by each distributed antenna group or panel, and this could be used for S-TRP deployment scenario as well as M-TRP since ‘TRP’ can be transparent to UE.
Proposal #1. Enhancements for two TAs should take vehicle DAS UE implementation into account, where each TA value is managed by each distributed antenna group or panel.

Analysis on TRP/panel-specific UL timing synchronization
In numerous results, it has been shown that UL performance degradation can be significant if UL timing error exceeds 0.1us (i.e., about 22% of the CP length) [4][5]. It is obvious that if it exceeds the CP length, UL reception will not be completed successfully. Based on the fact, we show simulation results related to Rx timing offset between two TRPs for MTRP scheme in this contribution. 
The following Table 1 shows a generalized formulation of Rx timing offset between two TRPs for the case that the same TA value is used for both TRPs, where  represents relative timing offset of TRP2 and  represents relative inter-panel timing offset of the UE where each UE panel is assumed to be associated to each TRP. Based on RAN4 requirements, the possible largest value of  is 3us and that of  is 130ns [6][7]. 
Table 1. Rx timing at each TRP with Tx timing asynchronization between TRPs and inter-panel delay of MPUE
	
	TRP1
	TRP2

	TRP reference timing
	
	

	Propagation delay
	
	

	UE Rx timing & TA reference timing
	
	

	TRP Rx timing
	
	

	Rx timing offset between TRPs
	



In Table 1, and  represent distance between UE and TRP1/2, and the speed of light, respectively. As described in Table 1, Rx timing offset between TRPs is determined by the difference in the distance between UE and each TRP, Tx timing offset between TRPs, and inter-panel delay of MPUE. If UE has to transmit UL signal based on one TA value, performance would be degraded due to such Rx timing offset between TRPs. Based on this formulation, we observed the ratio of UEs of which Rx timing offset Toffset exceeds the CP length via system level simulation. Simulation parameters are shown in Table 2. The parameters are set based on [8][9].  
Table 2. Simulation parameters
	Parameters
	Values

	Scenario
	UMa, InH-office

	Carrier frequency
	2GHz, 30GHz, 60GHz

	Channel model
	TR38.901

	TRP antenna configuration
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2), (dH, dV) = (0.5, 0.8)λ for UMa 2GHz
2 ports: (8,8,2,1,1), (dH, dV) = (0.5, 0.8)λ for UMa 30GHz2 ports: (4,8,2,1,1), (dH, dV) = (0.5, 0.5)λ for InH 60GHz

	UE antenna configuration
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for 2GHz
2 ports: (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ,  Ω0,1=Ω0,0+180 for 30GHz
2 ports: (4, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ,  Ω0,1=Ω0,0+180 for 60GHz



Table 3-1. Portion of MTRP UEs exceeding CP length (UMa, 2GHz, without blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	0
	15 kHz
	4.68 us
	1.8 % (3.7 %)
	1.9 % (3.9 %)
	2.9 % (5.9 %)

	1
	30 kHz
	2.34 us
	7.8 % (16.1 %)
	7.8 % (16.1 %)
	15.7 % (32.4 %)

	2
	60 kHz
	1.17 us
	13.2 % (27.2 %)
	13.2 % (27.2 %)
	31.7 % (65.4 %)



Table 3-2. Portion of MTRP UEs exceeding CP length (UMa, 30GHz, without blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	2
	60 kHz
	1.17 us
	13.0 % (38.4 %)
	13.0 % (38.4 %)
	22.4 % (66.2 %)

	3
	120 kHz
	585.93 ns
	18.8 % (55.6 %)
	18.9 % (55.9%)
	28.1 % (83.1 %)



Table 3-3. Portion of MTRP UEs exceeding CP length (UMa, 30GHz, with blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	2
	60 kHz
	1.17 us
	20.5 % (46.3 %)
	20.5 % (46.3 %)
	29.3 % (66.2%)

	3
	120 kHz
	585.93 ns
	27.3 % (61.7 %)
	27.4 % (61.9 %)
	36.7 % (83.0%)



Table 4-1. Portion of MTRP UEs exceeding CP length (InH, 60GHz, without blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	5
	480 kHz
	146.48 ns
	5.8 % (19.7 %)
	8.6 % (29.2 %)
	28.1 % (95.5 %)

	6
	960 kHz
	73.24 ns
	14.9 % (50.6 %)
	17.9 % (60.8 %)
	28.8 % (97.9%)



Table 4-2. Portion of MTRP UEs exceeding CP length (InH, 60GHz, with blockage)
	μ
	SCS
	CP length
	τMAX=0ns
	τMAX=130ns
	τMAX=3us

	5
	480 kHz
	146.48 ns
	9.3 % (23.9 %)
	12.6 % (32.3 %)
	37.2 % (95.6 %)

	6
	960 kHz
	73.24 ns
	21.1 % (54.2 %)
	24.0 % (61.6 %)
	38.0 % (97.6 %)



Table 3-1, 3-2, and 3-3 show simulation results in UMa scenario at 2GHz and 30GHz, Table 4-1 and 4-2 show simulation results InH scenario at 60GHz. In the simulation, we assume that MTRP transmission is done only for the UEs that the RSRP difference between two TRPs having the best RSRP is smaller than 6dB for the case without blockage or 10dB for the case with blockage, where blockage model A in TR38.901 is used, respectively. For other UEs, STRP transmission is assumed. We observed the portion of MTRP UEs of which timing offset exceeds the CP length among all UEs (x%) or among all MTRP UEs (y%) in the deployment, where both x and y are present in the tables as ‘x % (y %)’. In the tables, the impact of timing offset/error of TRP or UE side is also observed, where the term τasync + τIPD in Table 1 is randomly generated with uniform distribution in [-τMAX, τMAX]. Three values of τMAX were tested, i.e. ideal timing offset (τMAX =0), inter-panel delay at UE side (τMAX =130ns), and inter-TRP asynch scenario (τMAX =3us).
Based on the above simulation results, the ratio of UEs of which Rx timing offset Toffset exceeds the CP length is not negligible in various network deployment scenarios. The ratio becomes larger for higher carrier frequency, higher inter-TRP backhaul delay, and/or higher inter-UE-panel delay. In Table 3-1/3-2/3-3, we can observe that dominant factors causing delay difference larger than CP are carrier frequency, sub-carrier spacing, difference on distance to each TRP, and inter-TRP reference timing offset. In Table 4-1/4-2, we can also observe that inter-UE-panel delay causes delay difference larger than CP in addition to the above factors.
Observation #1: In simulation results, carrier frequency, subcarrier spacing, difference on distance to each TRP, inter-TRP reference timing offset and inter-UE-panel delay are dominant factors causing significant timing offset between TRPs.

 In this regard, TRP-specific two TAs should be managed/maintained not only TRP specifically but also UE-panel specifically, when we consider unified design of two TAs configuration across different frequency ranges.
Proposal #2: Enhancements for two TAs should take the case that each TA value is managed by each UE-panel into account.

Configuration of two TAs for multi-DCI mTRP
- Two TAs within one TAG vs. two TAGs
In RAN1 #109-e, it was agreed to support two TAs for multi-DCI based M-TRP including intra- and inter-cell cases. There was a discussion whether two TAs in a CC/BWP can be managed within one TAG or different two TAGs. Before discussing on this issue, it should be investigated how much difference exists between first TA value (for first target TRP) and second TA value (for second target TRP), as we sent an LS to RAN4 in the last meeting. In our view, if the difference between two TA values is small enough to manage second TA value with an offset value from first TA value, two TAs can be managed in one TAG. In this case, single TA value (NTA) and offset value (for second TA) can be managed/maintained in a TAG. On the other hand, if the difference between two TA values is too big, it is better to manage two TA values (NTA) in different TAGs to maintain the value separately. We also think that this issue is more related to the signaling detail of two TAs and more relevant to RAN2 work scope. So, we don’t need to rush on this signaling detail unless there is critical issue for the progress in RAN1 work.
Proposal #3: It is better to decide one TAG vs. two TAGs after RAN4’s LS response on the maximum difference of the two TA values and this issue may be left to RAN2 for decision.

- One reference timing vs. two reference timings


In the last meeting, there was a discussion whether one or two reference timings is supported for two TAs. In the legacy TA mechanism, reference timing means downlink timing reference or downlink slot boundary in which the TA value is to be applied for uplink timing alignment. As specified in [10][11], the value of NTA which can be indicated by RAR MAC CE or absolute timing advance command MAC CE is , where  = 0, 1, 2, ..., 3846 with SCS of  kHz. (Also, timing advance command MAC CE can indicate adjustment of a current NTA value, by index values of  = 0, 1, 2, ..., 63, where for a SCS of  kHz, .) So, the max value of timing advance with NTA is about  us with  where  Hz and . It means that the value range of NTA covers half of CP length for every SCSs. Regarding introduction of two reference timings for two TAs, it should be noted that the issue is not only restricted to uplink transmission, because two reference timings mean that different TRPs for M-DCI have difference slot boundary which also cause the impact on a UE for downlink reception especially when the timing difference is larger than CP length. Furthermore, if two reference timings are introduced for two TAs, it is equivalent to 4 TA values (e.g., 2 NTA * 2 reference timings) to be managed/maintained in UE side which can be considered as out of scope for this WID.
Proposal #4: Support one reference timing.

- One n-TimingAdvanceOffset value vs. two n-TimingAdvanceOffset values
n-TimingAdvanceOffset value is band-specific value which depends on duplex mode. For FDD, as defined in [6], the n-TimingAdvanceOffset value is 0 since there is no need to apply additional timing advance value between downlink band and uplink band. For TDD, n-TimingAdvanceOffset had been introduced from LTE specification, in order to have sufficient switching gap for base station from uplink reception to downlink transmission. So, the value is band-specific if UE is not provided the parameter. From that perspective, we think that there is no need to introduce two n-TimingAdvanceOffsets for two TAs, as the two TAs would be maintained in the same band or band combination.
Proposal #5: Not support to introduce two n-TimingAdvanceOffset values for two TAs.

- Association of TA to UL channels/signal
In Rel-17 beam management enhancement, unified TCI framework for DL/UL beam indication had been specified. In unified TCI, dynamic common beam indication with M/N=1 for DL/UL channel/RSs is supported, wherein power control parameters including P0, alpha, closed-loop index, and pathloss reference RS can be included in the TCI state. In Rel-18 extension of unified TCI discussion, M/N>1 considering M-TRP DL/UL transmission is to be introduced in order to support TRP/panel-specific DL/UL common beam indication. When N>1 is supported, TRP/panel-specific UL PC parameters can be naturally indicated by TRP/panel-specific common beam which can include power control parameters. Moreover, as discussed in Rel-17 beam management enhancement, if two TAs are supported, TRP/panel-specific TA value can also be included in or associated with UL/joint TCI state to support TRP/panel-specific DL/UL common beam indication with different TA. To be specific, for N=2, each UL/joint TCI state can be associated with a specific CORESET pool index, so each TA value can be managed per TRP and/or UE panel.
Observation #2: For enhanced TCI framework with N>1, TRP/panel-specific PC parameters can be naturally supported since each TCI state can include respective UL PC parameters such as P0, Alpha, closed-loop index, and PL-RS.
Proposal #6: Support UL/joint TCI state to include UL TA value related parameter similarly as UL PC parameters, in order to support TRP/panel-specific PC/TA configuration.
Proposal #7: Each TCI of M/N>1 can be associated with CORESET pool index in case of M-DCI based M-TRP operation.

- RACH enhancement for two TA aquisition
If two TAs for M-DCI are supported, it should be investigated on how to measure the two TAs for M-TRP uplink transmission. In legacy behavior, PRACH is generally used for UL TA measurement and RAR MAC CE and/or TA command MAC CE can be used to indicate/update UL TA per TAG. First, PRACH could be enhanced to support TRP/panel-specific PRACH transmission. As mentioned above, each of two TAs can be associated with a specific CORESET pool index. Then, if association between CORESET pool index and PRACH is introduced, PRACH transmission with a TRP/panel specific TA related with the specific CORESET pool index can be supported for gNB to measure and configure TRP/panel-specific TA. After all, RAR MAC CE and/or TA command MAC CE can be enhanced to indicate TRP/panel-specific TA.
Proposal #8: Support RACH enhancement for measuring timing offset per TRP/panel and for indicating TA value per TRP/panel.

- TA adjustment signaling (RAR/TAC MAC CE enhancement)
Regarding TA adjustment signaling, there are too many variables to be considered such as whether one or two TAGs are introduced and whether one or two reference timing is supported for two TAs within a single CC/BWP. If two reference timings with two TAGs are supported, it is better to introduce TRP/panel-specific timing advance command MAC CE in order to indicate different TA values for TRPs with different reference timings. On the other hand, if one reference timing with one TAG is supported, it is more efficient to have common timing advance command MAC CE for different CORESET pools. However, since the main scenario of M-DCI based M-TRP is non-ideal backhaul case, it may be better to have CORESET pool-specific timing advance command MAC CE when backhaul delay between TRPs is considered which causes TA indication/update delay from a TRP to another TRP.

Conclusion
In this contribution, we have discussed the enhancement on two TAs for multi-DCI based M-TRP operation, and provided the following observations and proposals.

Proposal #1. Enhancements for two TAs should take vehicle DAS UE implementation into account, where each TA value is managed by each distributed antenna group or panel.
Observation #1: In simulation results, carrier frequency, subcarrier spacing, difference on distance to each TRP, inter-TRP reference timing offset and inter-UE-panel delay are dominant factors causing significant timing offset between TRPs.
Proposal #2: Enhancements for two TAs should take the case that each TA value is managed by each UE-panel into account.
Proposal #3: It is better to decide one TAG vs. two TAGs after RAN4’s LS response on the maximum difference of the two TA values and this issue may be left to RAN2 for decision.
Proposal #4: Support one reference timing.
Proposal #5: Not support to introduce two n-TimingAdvanceOffset values for two TAs.
[bookmark: _GoBack]Observation #2: For enhanced TCI framework with N>1, TRP/panel-specific PC parameters can be naturally supported since each TCI state can include respective UL PC parameters such as P0, Alpha, closed-loop index, and PL-RS.
Proposal #6: Support UL/joint TCI state to include UL TA value related parameter similarly as UL PC parameters, in order to support TRP/panel-specific PC/TA configuration.
Proposal #7: Each TCI of M/N>1 can be associated with CORESET pool index in case of M-DCI based M-TRP operation.
Proposal #8: Support RACH enhancement for measuring timing offset per TRP/panel and for indicating TA value per TRP/panel.
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