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Introduction
1. 
In previous meetings, some agreements pertaining to TA enhancement for UL multi-TRP transmission were achieved. While, there are still some issues that need to be further discussed. In this paper, we provide our views on the remaining issues.

Discussion
[bookmark: _Hlk108366498]TAG association to UL channels/signals
	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


In RAN1#112 [2], it was agreed that TAG and TCI state are associated, so that UE can determine the TA for a UL transmission based on the TCI state used for the UL transmission. While, there are still some remaining issues for TAG association. For these issues, our views are provided as follows.
For the third bullet, we think either ‘[activated]’ or ‘[of UL signals/channels]’ should be removed, since the TCI states of UL signals/channels are indicated by DCI, rather than activated. We prefer to remove ‘[activated]’ and keep ‘of UL signals/channels’ (i.e., only remove the bracket) for progress since it is the majority of views in the last meeting.
Proposal 1: Support updating the third bullet as below:
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to one TAG.
To our understanding, the third bullet is intuitive for mDCI case. In mDCI case, since one TRP corresponds to one CORESETPoolIndex, the TCI states associated to one CORESETPoolIndex should correspond to the same TAG. In other words, each TRP corresponding to one CORESETPoolIndex is associated only one TAG. 
Instead, the working assumption in the fourth bullet seems not apply for mDCI case, since each CORESETPoolIndex should be mapped to only one TAG in mDCI case. The working assumption is more like a principle for sDCI case, where the two TRPs correspond to the same CORESETPoolIndex, so that TCI states associated with one CORESETPoolIndex can correspond to both TAGs. So, to our understanding, the third bullet and fourth bullet can be interpreted as: the agreed TCI state-based TAG association is supported for mDCI case in mandatory; while for sDCI case, such TAG mapping principle is supported with UE capability. In other words, the working assumption is to extend Rel-18 two TAs feature to sDCI case.
Observation 1: The working assumption is to extend Rel-18 two TAs feature to sDCI case.
One may argue that the sDCI based multi-TRP case is out of scope. However, we still prefer to confirm the working assumption due to following reasons. 
· The issue of single TA (e.g., one TA cannot fit for two TRPs with big UL timing gap) does not appear only in mDCI case. It also appears in sDCI case with the same probability as the UL timing gap of two TRPs has nothing to do with whether the backhaul is ideal or not, or with whether the cell is configured with sDCI or mDCI configuration.
· Extending two-TAs feature to sDCI case does not introduce extra spec impact, since TAG association based on TCI state is applicable for both sDCI and mDCI case. 
Proposal 2: Support to confirm the working assumption and suggest refining the wording as:
· A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex can correspond to both TAGs (each TCI state only corresponds to one TAG), when only one CORESETPoolIndex value is adopted for all the CORESETs (i.e., sDCI case).
Considering both TCI state and spatial relation are not applied for UL transmission in FR1 under legacy TCI framework, how to handle TAG association in Rel-15/16 spatial relation framework still needs to be discussed. To our understanding, the simplest method is to introduce spatial relations for FR1. The spatial relation introduced in FR1 is only used to TAG association since no beam indication is needed in FR1. This is similar as TAG association based on TCI state in FR1, where the TCI state is only used for TAG association. In the last meeting, some companies have the concern on the spec impact of introducing spatial relation for FR1. To be honest, we fail to find big spec impact with spatial relation configured in FR1. However, we are still open to discuss the spec impact if any companies can provide the detail of the spec impact. Alternatively, in order to alleviate the concern of companies on spec impact of introducing spatial relation in FR1, we can have a restriction that the spatial relation configured in FR1 is only used for TAG association.
[bookmark: _Hlk134439679]Proposal 3: Support to introduce spatial relation in FR1 for TAG association. The spatial relation configured in FR1 is only used for TAG association, and not used for other purposes, e.g., beam indication.

UL overlapping
	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

Conclusion (RAN1 #110bis-e)
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


To avoid UL overlapping in UL multi-TRP transmission with two different TA values, several alternatives were given for down-selection in RAN1#112.
In Alt1, a timing gap X between two UL transmissions is introduced to avoid UL overlapping. For example, for two UL transmissions scheduled in two consecutive UL slots, the first X symbols of the second slot or the last X symbols of the first slot should not be used for UL transmission, to ensure a gap of X symbols between the two UL transmissions. As long as the timing gap X is larger than the length of the overlapped part, the UL overlapping can be avoided. The length of the overlapped part can be derived according to the Maximum Transmission Time Difference (MTTD) supported by UE defined by RAN4 [3], which defines the maximum overlapping duration of two TRPs. 
For a UE capable of supporting Maximum Receive Time Difference (MRTD) > CP, the MTTD UE shall support is 34.6 µs for FR1 and 8.5 µs for FR2. With such MTTD, the corresponding overlap length of two UL transmissions is given in Table 1. Except for SCS=60 kHz in FR1, the overlapped length of two UL transmissions is always smaller than one OFDM symbol. Therefore, one-symbol time gap is enough to avoid UL overlapping in cases except for SCS=60 kHz in FR1. While, for SCS=60kHz in FR1, the overlapped length of two UL transmissions is larger than one symbol and smaller than two symbols. Hence, two-symbols time gap is needed to avoid UL overlapping.
For a UE not capable of supporting MRTD>CP, the MTTD UE shall support is CP + M1 µs for FR1 and CP + M2 µs for FR2. Where M1 and M2 are FFS in RAN4. In legacy CA and DC cases, the values of M1 and M2 are 1.6 µs for FR1 and 0.5 µs for FR2. Even though relatively larger values of M1 and M2 are adopted for two TAs based UL transmission, the value of MTTD is still much smaller than 1 OFDM symbol. Therefore, one-symbol time gap is enough to avoid UL overlapping.
Observation 2: For UE capable of supporting MRTD > CP, if SCS=60 kHz is adopted for FR1, the length of UL overlap can be larger than 1 OFDM symbol, but still smaller than 2 OFDM symbols. For all other cases, the length of UL overlapping is always smaller than 1 OFDM symbol. 
Observation 3: For UE not capable of supporting MRTD > CP, the length of UL overlapping is always smaller than 1 OFDM symbol.
Therefore, a time gap of X (X=1 or 2 based on different cases) OFDM symbols between the two UL transmissions is feasible for avoiding UL overlapping.
Table 1 The timing gap assuming RTD> CP
	SCS (kHz)
	1 OS (μs)
	MTTD (μs)
	X (OS)

	15
	71.35
	34.6<1 OS
	1

	30
	35.68
	34.6< 1 OS
	1

	60
	17.84
	1 OS<FR1: 34.6< 2 OS
FR2: 8.5<1 OS
	FR1: 2
FR2: 1

	120
	8.92
	8.5< 1 OS
	1


In Alt2, the overlapping duration of one of the two UL transmissions is reduced, which is similar with the legacy mechanism (the latter slot is reduced in duration) that is used to avoid UL overlapping caused by TA updating. However, as we have concluded that gNB may not know the overlapped duration of the two UL transmissions, current Alt 2 cannot work. To make Alt 2 workable, one way is to clarify the overlapped duration according to the above table,
· Alt 2a:  Reduce the overlapping duration of one of the two UL transmissions, which is X OFDM symbols (X=1 or 2 based on different cases).
In Alt3, to our understanding, overlap avoidance is totally left to gNB implementation. Since the situation is complicated, we don’t think it is proper to left to gNB implementation. Without clarification in the spec, gNB may not know the overlapped duration and cannot conduct efficient scheduling with two TAs. For example, to avoid UL overlap, gNB may simply avoid using two different TAs for two consecutive UL transmissions, which is inefficient.
Base on above analysis, we have the following proposal.
Proposal 4: Support Alt 1 or Alt 2a (variant of Alt 2), where the value of X is: 
· X = 2 symbols when UE is capable of supporting MRTD > CP and SCS=60 kHz is adopted for FR1.
· X = 1 symbol for other cases.

Acquisition of initial TA for the second TRP
Intra-cell multi-TRP scenario
	Working Assumption
[bookmark: _Hlk134092272]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


In last meeting, there was a working assumption that a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY for intra-cell mDCI based multi-TRP operation. In our view, it is reasonable to confirm the working assumption due to the following reasons. Firstly, it is beneficial for PDCCH load balance. For example, when gNB intends to trigger RACH for TRP1 but PDCCH resources of TRP1 are all used for other purposes, gNB can transmit the PDCCH order via TRP2, instead of waiting for PDCCH resource. Secondly, PDCCH order can be transmitted via the TRP with better quality to ensure the reliability of PDCCH order transmission.
Proposal 5: Support to confirm the following 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.
With respect to acquisition of initial TA for the second TRP in intra-cell multi-TRP scenario, the following agreement was made in the last meeting [1]:
	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.


In current specification, initial TA value is indicated by RAR message of RACH procedure which can be triggered by gNB through a PDCCH order. Such kind of mechanism can be reused to obtain the initial TA value of the second TRP. In intra-cell multi-TRP case, two TRPs are corresponding to the same serving cell. Once receiving an RAR that contains an initial TA value, UE is not able to know whether it is the initial TA for the first TRP or the second TRP. To address this issue, UE should be able to differentiate RACH procedure for different TRPs. In last meeting [1], several solutions were listed for down selection. 
For Alt1 and Alt2, UE can differentiate RACH procedure for each TRP according to TAG ID in RAR or PDCCH order. The drawback of such solutions is that it will consume reserved bit(s) of RAR/PDCCH. It should be noted that every reserved bit in PDCCH order and RAR is precious for future enhancement. So, we don’t prefer Alt 1 and Alt 2 considering there are other solutions that don’t need to consume any reserved bit.
Observation 4: Alt1 and Alt2 need to consume reserved bit(s) of RAR/PDCCH which may cause some issues for future enhancement.
For Alt3, SSBs of the serving cell are divided into two groups with each group corresponding to one TRP. UE can determine a RACH procedure is for which TRP according to the corresponding SSB. This method does not consume any reserved bit of RAR/PDCCH.
Proposal 6: For initial TA acquisition in intra-cell multi-TRP scenario, support Alt 3 (i.e., divide SSBs into two groups with each group corresponding to one TRP).
Inter-cell multi-TRP scenario
In last meeting, we reached the following agreement on acquisition of initial TA for the second TRP in inter-cell multi-TRP scenario:
	Agreement
For inter-cell 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. 


It was agreed that for each configured additional PCI, one PRACH configuration can be configured. For a triggered RACH procedure, UE needs to determine it is for which cell, i.e., the serving cell or one of the configured addition PCI. A simple way is to introduce an AdditionalPCIIndex field in the PDCCH order. If the codepoint of the AdditionalPCIIndex field is set to ‘0’, the triggered RACH procedure is for the serving cell. While, if the codepoint of the AdditionalPCIIndex field is set to ‘x’ (), the triggered RACH procedure is for the x-th configured additional PCI. Once the corresponding cell is determined, UE can determine the PRACH configuration used for the RACH procedure.
Proposal 7: For initial TA acquisition in inter-cell multi-TRP scenario, support introducing an AdditionalPCIIndex field in PDCCH order.
PRACH power control and spatial filter determination
	[bookmark: _Hlk134085450]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.
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
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.


In current specification, if a PRACH transmission from a UE is in response to a PDCCH order, the PL-RS for PRACH power control is based on the QCL RS of the PDCCH order. This rule can’t apply to cross-TRP PRACH triggering since PDCCH order is from one TRP and PRACH is transmitted to the other TRP. To address this issue, a simple method is to introduce a new rule for two TAs enhancement, i.e., the transmit power of the triggered PRACH is determined based on the SSB indicated in the PDCCH order when two TAGs are configured. This can be applied for both intra-cell and inter-cell multi-TRP case.
Proposal 8: For mDCI based inter-cell multi-TRP and intra-cell multi-TRP operation with two TAGs configured in a CC, the transmit power of the triggered PRACH is determined based on the SSB indicated in the PDCCH order.
Another issue is the QCL assumption of PDCCH RAR and PDSCH RAR in CFRA when two TAGs are configured in a CC. In current spec where only one TAG is configured in a CC, the QCL rule of PDCCH RAR and PDSCH RAR in CFRA are given in Table 2. 
If CFRA is triggered by PDCCH order in SpCell, 
· the PDCCH RAR is QCLed with the PDCCH order.
· the PDSCH RAR is QCLed with the PDCCH order. 
If CFRA is triggered by PDCCH order in SCell, 
· the PDCCH RAR is QCLed with the CORESET associated with the Type1 CSS set.
· the PDSCH RAR is QCLed with the SSB/CSI-RS used for RACH association.
Table 2 QCL of PDCCH RAR and PDSCH RAR
	
	PDCCH RAR
	PDSCH RAR

	SpCell
	QCLed with PDCCH order
	QCLed with PDCCH order

	SCell
	QCLed with CORESET associated with Type1 CSS set
	QCLed with SSB or CSI-RS used for RACH association


On the other hand, in previous meetings, it was agreed that PDSCH RAR is transmitted from the TRP associated with Type1-PDCCH CSS set. Such rule may be contradictory with legacy rule if the TRP associated with the Type1 CSS set is different from the TRP transmitting the PDCCH order in SpCell or different from the TRP associated with SSB/CSI-RS used for RACH association in SCell. To avoid such kind of conflict with legacy QCL rule, we suggest introducing dedicate QCL rule for two TAs enhancement. In other words, the legacy rule applied only for the case where only one TAG is configured in a CC. While, for the case with two TAGs configured in a CC, dedicate rule needs to be introduced.
Observation 5: For mDCI based inter-cell multi-TRP and intra-cell multi-TRP operation with two TAGs configured in a CC, the QCL rule of PDSCH RAR is contradictory with the legacy one.
Proposal 9: Introduce dedicate QCL rule for PDCCH RAR and PDSCH RAR for CFRA in a CC configured with two TAGs.
As agreed in the last meeting, PDSCH RAR is only transmitted from the TRP associated with Type 1 CSS set. So, for QCL assumption of PDSCH RAR, a simple way is to assume that the PDSCH RAR is QCLed with the CORESET associated with the Type 1 CSS set, no matter the CFRA is triggered in SpCell or SCell. Similarly, for QCL assumption of PDCCH RAR, UE can also assume that PDCCH RAR is QCLed with the CORESET associated with the Type 1 CSS set, no matter the CFRA is triggered in SpCell or SCell.
Proposal 10: For a cell configured with two TAGs, PDCCH RAR and PDSCH RAR of a CFRA are both QCLed with the CORESET associated with the Type1 CSS set, no matter the CFRA is triggered in SpCell or SCell.

TA command
	Agreement (RAN1#110)
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.


Due to UE mobility, TA value needs to be updated periodically to keep uplink synchronization. In current spec, one TA value for a specific TAG can be updated by a TA updating MAC CE which includes the corresponding TAG ID. For UL multi-TRP transmission with two TAs, one remaining issue for TA updating is whether the two TA values should be updated jointly or not. To our understanding, change of the propagation delay from UE to the two TRPs are independent during UE mobility. Hence, TA update of the two TRPs should also be independent. For independent update of each TA, the legacy TA updating MAC-CE can be reused.
Proposal 11: Reuse the legacy TA updating MAC CE for independent update of each TA.
RRC parameter
The RRC parameters corresponding to two TA enhancement are given in the Appendix.

Summary and conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: Support updating the third bullet as below:
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to one TAG.
Proposal 2: Support to confirm the working assumption and suggest refining the wording as:
· A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex can correspond to both TAGs (each TCI state only corresponds to one TAG), when only one CORESETPoolIndex value is adopted for all the CORESETs (i.e., sDCI case).
Proposal 3: Support to introduce spatial relation in FR1 for TAG association. The spatial relation configured in FR1 is only used for TAG association, and not used for other purposes, e.g., beam indication.
Proposal 4: Support Alt 1 or Alt 2a (variant of Alt 2), where the value of X is: 
· X = 2 symbols when UE is capable of supporting MRTD > CP and SCS=60 kHz is adopted for FR1.
· X = 1 symbol for other cases.
Proposal 5: Support to confirm the following 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.
Proposal 6: For initial TA acquisition in intra-cell multi-TRP scenario, support Alt 3 (i.e., divide SSBs into two groups with each group corresponding to one TRP).
Proposal 7: For initial TA acquisition in inter-cell multi-TRP scenario, support introducing an AdditionalPCIIndex field in PDCCH order.
Proposal 8: For mDCI based inter-cell multi-TRP and intra-cell multi-TRP operation with two TAGs configured in a CC, the transmit power of the triggered PRACH is determined based on the SSB indicated in the PDCCH order.
Proposal 9: Introduce dedicate QCL rule for PDCCH RAR and PDSCH RAR for CFRA in a CC configured with two TAGs.
Proposal 10: For a cell configured with two TAGs, PDCCH RAR and PDSCH RAR of a CFRA are both QCLed with the CORESET associated with the Type1 CSS set, no matter the CFRA is triggered in SpCell or SCell.
Proposal 11: Reuse the legacy TA updating MAC CE for independent update of each TA.

Observation 1: The working assumption is to extend Rel-18 two TAs feature to sDCI case.
Observation 2: For UE capable of supporting MRTD > CP, if SCS=60 kHz is adopted for FR1, the length of UL overlap can be larger than 1 OFDM symbol, but still smaller than 2 OFDM symbols. For all other cases, the length of UL overlapping is always smaller than 1 OFDM symbol. 
Observation 3: For UE not capable of supporting MRTD > CP, the length of UL overlapping is always smaller than 1 OFDM symbol.
Observation 4: Alt1 and Alt2 need to consume reserved bit(s) of RAR/PDCCH which may cause some issues for future enhancement.
Observation 5: For mDCI based inter-cell multi-TRP and intra-cell multi-TRP operation with two TAGs configured in a CC, the QCL rule of PDSCH RAR is contradictory with the legacy one.
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APPENDIX A
	Parameter name
	New or existing
	Description
	Value range
	Per (UE, cell, BWP, …)
	Comment

	tag-id-r18
	New
	Indicates the second TAG ID for a serving cell.
	0,1,2,3
	cell
	tag-id-r18 is associated with n-TimingAdvanceOffset-r18

	n-TimingAdvanceOffset-r18
	New
	Indicates the second TimingAdvanceOffset for a serving cell.
	n0, n25600, n39936
	cell
	If the field is absent, the UE applies the value defined for the duplex mode and frequency range of this serving cell. See TS 38.133, table 7.1.2-2.

	tag-id-r18
	New
	Indicate the TAG associated with the TCI-state. 
	0,1,2,3
	TCI state
	

	prach-ConfigurationIndex-18
	New
	Indicate the PRACH configuration associated with the additional PCI provided by additionalPCI-r17 in SSB-MTC-AdditionalPCI-r17.
	0…255
	SSB-MTC-AdditionalPCI-r17
	



