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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 four sub-topics, regarding unified TCI framework 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 previous meetings.
	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
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.

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 
· 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)

Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.

Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected

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
 
Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs.
· Note: This doesn’t prevent the network from applying scheduling restrictions even if the TRPs have no knowledge of the overlapping region

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.

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

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.

Conclusion
For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, there is no consensus to introduce additional type 1 CSS configuration per additional PCI.

Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS

Agreement
Confirm the following 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 

Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, down-select at least one of the following in RAN1#112bis-e:
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· E.g., X symbols in the slot(s) corresponding to the two UL transmission remain unused
· FFS: How X is determined
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions
· Alt 3:  Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap
· Other alternatives are not precluded
TBD: how to capture the downselected alternative(s) in the specifications in case specification impact is deemed needed.

Working Assumption
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY. 
· FFS: details of PRACH power control

Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support at least RAR-based solution where RAR is only received from a TRP that is associated with Type 1 CSS
· RAR based
· FFS: RAR-less solution reusing the solution agreed in Rel-18 Mobility Enh

Agreement
For intercell multi-DCI based Multi-TRP operation with two TA enhancement, support indication of which PRACH configuration to be used in the RACH procedure in the PDCCH order.
· FFS: Whether additionalPCI or a generic identifier is indicated in PDCCH order
· FFS: The detail of the indication in PDCCH order in terms of whether to support PRACH triggered for inactive additionalPCI.

Conclusion 
For multi-DCI based Multi-TRP operation with two TA enhancement, how to indicate the TAG ID via absolute TA command MAC CE is left up to RAN2:
· One of two TAG IDs configured in the SpCell can be indicated

Agreement
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, down-select one of the following alternatives:
· 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.

Agreement
For multi-DCI based inter-cell multi-TRP and intra-cell multi-TRP operation with two TAGs configured in a CC, for a CFRA based PDCCH order from one TRP triggering PRACH towards another TRP, study whether and, if needed, how to determine the transmit power of the triggered PRACH preamble



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
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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 reference timings for two TAGs
In TS 38.133[6], it is described that the reference point to apply timing advance is the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. For serving cell(s) in PTAG, UE shall use the SpCell as the reference cell, and for serving cell(s) in STAG, UE shall use any of the activated SCells as the reference cell.
	7	Timing
[bookmark: _Toc535475927]7.1	UE transmit timing
[bookmark: _Toc535475928]7.1.1	Introduction

The UE shall have capability to follow the frame timing change of the reference cell in connected state or when transmiting PUSCH on CG resources for SDT in RRC_Inactive. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. For serving cell(s) in pTAG, UE shall use the SpCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. For serving cell(s) in sTAG, UE shall use any of the activated SCells as the reference cell for deriving the UE transmit timing for the cells in the sTAG. UE initial transmit timing accuracy and gradual timing adjustment requirements are defined in the following requirements.
In the requirements of clause 7.1.2, the term reference cell on a carrier frequency subject to CCA is not available at the UE refers to when at least one SSB is configured by gNB, but the first two successive candidate SSB positions for the same SSB index within the discovery burst transmission window are not available during at least one discovery burst transmission window, at the UE due to DL CCA failures at gNB during the last 1280



In previous meeting, it was agreed to support two reference timings for two TAGs in a serving cell. There are remaining issues regarding the definition of per-TRP/TAG reference timing and association between TAGs and reference timings. For these issues, it should be firstly investigated whether the reference cell for two TAGs is TAG-common or TAG-specific. If TAG-common reference cell is supported, two different reference point/timing for a common reference cell should be defined for two TA operation. In this case, for serving cell(s) in PTAG, although UE shall use the SpCell as the reference cell, it is not guaranteed that two CORESET pool indexes are configured in the SpCell in order to derive TAG-specific reference timing. Else if TAG-specific reference cell is supported, the reference cell for each TAG could be different within a same set of CCs, and UE can easily derive TAG-specific reference timing for each TAG-specific reference cell. 
Proposal #3: Support TAG-specific reference cell for two reference timings.

- Overlapping between two UL transmissions associated with two TAs
In RAN1 #109-e meeting, it was agreed to consider both cases of TDM based multi-DCI uplink transmission and simultaneous multi-DCI uplink transmission. Difference between two cases is whether different channels/RSs associated with two TAs can be simultaneously transmitted(the latter) or not(the former). For TDM based multi-DCI uplink transmission, different channels/RSs associated with different TAs can still be overlapped when the channels/RSs are scheduled in consecutive symbols. For this case, 3 solutions were listed in RAN1 #112 meeting. In our view, for non-STxMP-capable UEs, either last symbol of the first channel/RS or first symbol of the second channel/RS needs to be dropped (i.e., Alt 2: Reduce the overlapping duration of one of the two UL transmissions) since the UE cannot transmit these two channels/RSs simultaneously in the overlapped symbol. In order to protect front-loaded DMRS symbol(s) of the second channel/RS, last symbol of the first channel/RS could be always reduced for simplicity. For SRS or PUSCH, symbol-level dropping for overlapped part between two UL transmissions associated with different TAs can be applied, since symbol-level dropping of SRS and PUSCH(e.g., rate matching procedure for actual PUSCH in case of PUSCH repetition type B) is already supported in the current specification.
Regarding Alt 1(Introducing a time gap X), UE behavior is not clear when the time gap is configured, e.g., whether the UE is not expected to be scheduled for the time gap or the UE shall drop the allocated symbol within the time gap. And, for Alt 3(scheduling restriction), only semi-static level scheduling restriction can be applied since it was concluded in RAN1 #110bis-e that it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs, considering non-ideal backhaul scenario. The semi-static scheduling restriction will introduce a permanent waste of UL resource(symbols) between two consecutive UL slots associated with different TAs. In addition, the overlapped region between two UL transmissions associated with two TAs can be more than one symbol depending on SCS.
Proposal #4: Support symbol-level dropping for overlapped part between two consecutive UL transmissions associated with different TAs(i.e., Alt 2: Reduce the overlapping duration of one of the two UL transmissions).

- Association of TA to UL channels/signal
In RAN1 #112 meeting, it was agreed to use unified UL/joint TCI state for TA association to UL channels/RSs. There are two remaining issues. One is the TA association method for UL channel/RS which doesn’t follow the indicated TCI in Rel-17/18 unified TCI framework and the other is the TA association methods for UL channel/RS when Rel-15/16 spatial relation framework is used. Regarding these two cases, association between TA and spatialRelation can be one candidate solution. However, since UL spatialRelation is not applicable in FR1, this cannot be applicable to all cases. In our view, one unified solution for these two cases is to directly associate TAG to UL channel/RS, which can be also applicable to FR1 without UL spatialRelation configured/indicated. 
Furthermore, in the last meeting, it was discussed regarding the signaling method for association between TAG ID and UL and/or joint TCI state. Basically, RRC based signaling should be fine for linkage of TAG ID and TCI state because association of the two TCI states to two TRPs/panels will not be dynamically changed in Rel-18 unified TCI framework. Also, there was a discussion whether to introduce a restriction that the first indicated TCI state that is associated with coresetPoolIndex value 0 shall be configured with the first TAG, and the second indicated TCI state that is associated with coresetPoolIndex value 1 shall be configured with the second TAG. In our view, the motivation of such restriction is unclear, which may lose association flexibility by gNB implementation.
Proposal #5: For TA association for UL channel/RS which doesn’t follow the indicated TCI in Rel-17/18 unified TCI framework and for UL channel/RS when Rel-15/16 spatial relation framework is used, associate TAG ID to target UL channels/RSs directly for semi-static UL channels/RSs (e.g., P CSI PUCCH, P SRS, CG PUSCH).
· For dynamic UL channels/RSs, support association of TAG ID to CORESETPoolIndex.
Proposal #6: Support association of TAG ID with UL and/or joint TCI state via RRC signaling.

- RACH procedure enhancement for two TA acquisition/indication
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. Also, RAR MAC CE and/or TA command MAC CE can be enhanced to indicate TRP/panel-specific TA.
In RAN1 #110bis-e meeting, 7 alternatives were listed in order to achieve TRP-specific PRACH and/or TRP-specific RAR. It should be discussed separately for the case of PDCCH ordered RACH and UE triggered RACH. However, in RAN1#111 meeting, it was concluded that discussion on UE triggered RACH for two TAs is up to RAN2 regarding whether there is a necessity of enhancement or not and there is related RAN1 work, if supported. So, we can firstly focus on PDCCH ordered RACH for two TAs acquisition.
In addition, in the last meeting, 3 of the 7 alternatives were listed for further down selection, which includes TAG ID in RAR MAC CE(Alt 1), TAG ID in PDCCH order(Alt 2), and SSB grouping(Alt 3). Basically, Alt 3 can be the universal solution for both PDCCH ordered RACH and UE initiated RACH. However, there was a RAN2 agreement that per TRP UE-initiated RACH procedure is not supported for two TA and if we focus on PDCCH ordered RACH, Alt 1 or Alt 2 could be a simple solution. Regarding Alt 1, it is to explicitly indicate TAG ID along with TA command in RAR MAC CE in order to indicate/update TAG-specific TA value. In this case, SSB index indication in PDCCH order ahead of transmission of the RAR can be indication of target TRP, where SSB grouping per TRP is accomplished by network implementation. On the other hand, Alt 2 is to explicitly indicate TAG ID in PDCCH order to trigger TRP/TAG-specific RACH transmission. Consequently, TA command in RAR MAC CE corresponding to the TAG-specific RACH transmission can have association with the indicated TAG ID, which allows TAG-specific TA command in the RAR. In our view, both Alt 1 and Alt 2 work. However, for Alt 1, there is only 1 reserved bit in RAR MAC CE format so new MAC CE format or enhancement is needed for TAG ID (currently up to 4) indication. So, we prefer Alt 2 to achieve TAG-specific RACH triggering and/or TAG-specific TA command.
Proposal #7: For PDCCH ordered RACH, support Alt 2, i.e., indicate TAG ID as part of PDCCH order.

In the last meeting, it was agreed to study whether and, if needed, how to determine the transmit power of the triggered PRACH preamble, in case of cross-TRP RACH triggering. In the current specification, it is described that the PL-RS and referenceSignalPower for PRACH power control are based on the DL-RS that is the QCL source of the DMRS of PDCCH order. This current specification is not applicable anymore to cross-TRP RACH triggering case when triggering TRP and target TRP are different. So, the enhancement is needed and a simple solution is that the SSB index indicated in PDCCH order can be used for PRACH power control in case of cross-TRP RACH triggering. From our perspective, since this issue exists for both intra-cell and inter-cell M-DCI case, the enhancement should be applicable to both cases.
[bookmark: _GoBack]Proposal #8: For a CFRA based PDCCH order from one TRP triggering PRACH towards another TRP, support power control enhancement on the triggered PRACH preamble for both intra-cell and inter-cell M-DCI based M-TRP.

Furthermore, there was a discussion about QCL of PDCCH scheduling RAR and RAR PDSCH for two TA acquisition. At least for PDCCH scheduling RAR, it is quite natural to use QCL assumption of CORESET associated with type 1 CSS (regardless of whether it is cross-TRP RACH triggering or not), which is existing UE behavior in the current specification. However, regarding the RAR PDSCH, in legacy, UE assumes that RAR PDSCH is QCLed with SSB used for the corresponding RACH transmission. In M-DCI case, RAR transmission TRP (associated with type 1 CSS) and RACH reception TRP can be different so the legacy QCL assumption cannot be applicable anymore, e.g., the SSB for RACH transmission is associated with the RACH reception TRP while RAR is transmitted from the other TRP associated with type 1 CSS. This issue should be further studied and discussed.
Proposal #9: For the case when RAR transmission TRP (associated with type 1 CSS) and RACH reception TRP are different, study QCL assumption for RAR PDSCH.

In RAN1 #112 meeting, it was concluded that there is no consensus to introduce additional type 1 CSS configuration per additional PCI. Also, in the last meeting, it was agreed that RAR-based solution for two TA acquisition/indication is supported where RAR is only received from a TRP that is associated with type 1 CSS. Then, for inter-cell M-DCI operation, RAR from additional PCI can be forwarded to serving cell by network implementation so two TA still work well without enhancement. This is also the same situation for intra-cell M-DCI operation, RAR can be forwarded to TRP which is associated with type 1 CSS from the other TRP, when the other TRP receives RACH preamble. In this case, RAR window timing needs to be considered for inter-cell case considering the network delay on forwarding RAR, e.g., additional delay on starting point of RAR window or additional RAR window length can be considered for receiving RAR. RAR forwarding delay may exist in intra-cell M-TRP case with non-ideal backhaul.
Proposal #10: Study RAR window by considering RAR forwarding delay.

- TA adjustment signaling (RAR/TAC MAC CE enhancement)
Since two reference timings with two TAGs were agreed to be supported, it would be better to introduce TRP/panel-specific timing advance command(TAC) MAC CE in order to indicate different TA values for TRPs with different reference timings. From our perspective, for when cross-TRP RACH triggering is enabled for ideal backhaul case, TRP-common TAC MAC CE should be fine since dynamic coordination between TRPs can be assumed. On the contrary, considering non-ideal backhaul case, it may be better to have TRP-specific(CORESET pool-specific) TAC MAC CE when backhaul delay between TRPs is considered which causes TA indication/update delay from a TRP to another TRP.

- TRP-specific timing alignment timer(TAT)
In the previous meeting, two TAs in different TAGs for a serving cell is agreed to be supported. From our understanding, since timing alignment timer(TAT) is managed per TAG in legacy behavior, so two TATs for a serving cell are naturally supported. The remaining issue is UE behavior when either/both TAT in a serving cell is/are expired. In the legacy MAC procedure regarding TA maintenance, when TAT for a TAG is expired semi-static DL/UL resources and SRS/PUCCH belonging to the TAG are cleared/released(uplink Out-of-Synch behavior). However, for two TAGs case in this agenda, two TAT of TAGs are concurrently managed for a serving cell so the legacy MAC procedure could be modified. In our view, if either TAT of two TATs is expired for a serving cell, UE doesn’t need to do uplink Out-of-Synch behavior because CORESET pool associated with the other unexpired TAG can be used for DL/UL transmission. Furthermore, it should be investigated for the SpCell(i.e., PCell or PSCell) that which combination of two TAGs can be considered, e.g., PTAG + PTAG, PTAG + STAG.
Proposal #11: Uplink Out-of-Synch behavior when TAT for TAG is expired should be studied for a serving cell with two TAGs.

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: Support TAG-specific reference cell for two reference timings.
Proposal #4: Support symbol-level dropping for overlapped part between two consecutive UL transmissions associated with different TAs(i.e., Alt 2: Reduce the overlapping duration of one of the two UL transmissions).
Proposal #5: For TA association for UL channel/RS which doesn’t follow the indicated TCI in Rel-17/18 unified TCI framework and for UL channel/RS when Rel-15/16 spatial relation framework is used, associate TAG ID to target UL channels/RSs directly for semi-static UL channels/RSs (e.g., P CSI PUCCH, P SRS, CG PUSCH).
· For dynamic UL channels/RSs, support association of TAG ID to CORESETPoolIndex.
Proposal #6: Support association of TAG ID with UL and/or joint TCI state via RRC signaling.
Proposal #7: For PDCCH ordered RACH, support Alt 2, i.e., indicate TAG ID as part of PDCCH order.
Proposal #8: For a CFRA based PDCCH order from one TRP triggering PRACH towards another TRP, support power control enhancement on the triggered PRACH preamble for both intra-cell and inter-cell M-DCI based M-TRP.
Proposal #9: For the case when RAR transmission TRP (associated with type 1 CSS) and RACH reception TRP are different, study QCL assumption for RAR PDSCH.
Proposal #10: Study RAR window by considering RAR forwarding delay.
Proposal #11: Uplink Out-of-Synch behavior when TAT for TAG is expired should be studied for a serving cell with two TAGs.
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