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Introduction
The Rel-18 WID on NR MIMO evolution for downlink and uplink is approved [1], which includes the following objective:
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· …
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.

In Rel-16/17 mTRP, there can be only one single TA per CC, and it is further assumed that the received signals from different TRPs are within the CP at the UE side. In this contribution, we discuss framework and possible enhancements to enable two TAs in a CC that is configured with multi-DCI based mTRP operation in Section 2, address the impact on random access procedures in Section 3, and discuss switching between intra-cell and inter-cell mTRP operations in Section 4.
Framework, signaling, and other details for two TAs
Regarding the association of a TAG with UL channels / signals, the following was agreed in RAN1 #112: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


Despite a lot of discussions, the following aspects are still unclear:
· Issue 1: Whether the association between TAG ID and UL/joint TCI state is based on explicit configuration as part of TCI state or whether the association defined in sub-agenda 9.1.1.1 for unified TCI is to be used.
· Issue 2: Exact definition of the baseline UE in the agreement above.
· Issue 3: Whether to confirm the working assumption on the additional UE capability or not.
· Issue 4: The FFS for the case of Rel-15/16 spatial relation framework

The issues listed above are somewhat coupled together. Starting with Issue 4, in our view, given the agreement above, it makes sense to limit the applicability of two TA enhancements for multi-DCI based multi-TRP to the unified TCI only. If there is a strong desire to enable this feature for cases other than unified TCI, the original “Option 2” would be needed so that the feature can be supported also in FR1 as agreed before 
Proposal 1: For multi-DCI based multi-TRP operation with two TAs:
· First preference: Only support unified TCI framework.
· This reverts the earlier agreement wrt applicability to “UL beam indication via spatial relation”.
· Second preference: For Rel-15/16 legacy TCI / spatial relation framework in both FR1 and FR2, support Option 2: Associate TAG to coresetPoolIndex via the following:
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, coresetPoolIndex is RRC-configured.
· for P-PUCCH, SP-PUCCH, and AP-PUCCH carrying HARQ-ACK coresetPoolIndex is RRC-configured per PUCCH resource
· for P-SRS, SP-SRS, and AP-SRS, coresetPoolIndex is RRC-configured per SRS resource set

Then, at least for the case of “baseline UE” in the agreement, using the association defined in sub-agenda 9.1.1.1 can address both issues 1 and 2 above. That is, the UL channels/signals that apply the first indicated TCI state are associated with the first TAG, and the UL channels/signals that apply the second indicated TCI state are associated with the second TAG. An alternative to this would be explicit configuration of a TAG ID as part of TCI state configuration, but in that case, such configuration should not conflict with the association defined in sub-agenda 9.1.1.1. Given the majority preference for such explicit configuration (for future compatibility), we are ok to go with this direction if such conflict is avoided.
Regarding issue 4, the use case may require more clarification as it does not seem very logical to us to support DPS with different TAs within one coresetPoolIndex, but do not support DPS with different TAs in the absence of coresetPoolIndex configurations (i.e., w/o multi-DCI).  
Proposal 2: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation:
· UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG 
· Association of TAG ID with UL/joint TCI state is via RRC configuration 
· UE expects the first indicated TCI state that is associated with coresetPoolIndex value 0 (as defined in 9.1.1.1) to be configured with the first TAG. Similarly, UE expects the second indicated TCI state that is associated with coresetPoolIndex value 1 (as defined in 9.1.1.1) to be configured with the second TAG.

In RAN1 #110-bis-e, the following was agreed with respect to reference timing of DL reception for TA:
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

One remaining issue is how to determine the two DL reference timing. In legacy, the reception of the first detected path (in time) in a reference CC is considered, where the reference CC is SpCell for PTAG, and any of the CCs in the same TAG for STAG. Assuming unified TCI, similar rule can be followed in the case of multi-DCI except that reception of the first detected path (in time) in the reference CC is based on the DL-RS of the two indicated TCI states corresponding to the two TAGs. 
Proposal 3: For multi-DCI multi-TRP operation with two TAs, the two DL reference timings associated with the two TAGs are based on “the first detected path (in time) in the reference CC” corresponding to the two indicated TCI states.

Regarding overlap between two UL transmissions due to different TAs, the following was agreed in RAN1 #112: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.


In legacy, UCI multiplexing procedures and dropping rules are based on logical time. Given that all UL channels in a CC have the same TA, there is no overlap in actual time after resolving the overlap in logical time. However, this is no longer the case with two TAGs in the same CC. For example, if UL channel 1 and UL channel 2 do not overlaps in logical time (w/o considering TA) but they overlap in actual time due to different TA values.

Note that the issue above exists also in legacy but only across different slots and only due to a new TA command. The issue is addressed by reducing the duration of a later slot after applying a TA command. This is captured in 38.213 as “If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot”. In comparison, in the case of multi-TA in one CC: 
a) UE may be able to transmit two different UL signals/channels in a CC simultaneously, 
b) The overlap is not only across different slots but can be also within a given slot, 
c) The overlap is not only occasionally due to a new TA command but can be also frequent due to the fact that different UL signals/channels are associated with different TAs. 

It is important to note that scheduling restrictions can solve the issue as leaving a symbol gap can be enough since MTTD is less than half a symbol or less than one symbol for most sub-carrier scaping (34.6usec in FR1 and 8.5usec in FR2 based on the RAN4 reply LS). It should be noted that for Rel-16 TDM based multi-DCI with non-ideal backhaul, TRPs need to coordinate semi-statically to ensure that UL signals / channels do not overlap logically. Now, in addition to that, TRPs needs to leave a symbol margin as part of that semi-static coordination to ensure that UL signals / channels do not overlap physically.
Alternatively, if the issue is addressed by UE dropping rule (Alt2), we can have two cases
· Alt 2-1: If the dropped part is from the beginning of the later UL (legacy rule), DMRS is lost if UL transmission has front-loaded DMRS (typical case), and hence, the whole UL is lost. 
· Alt 2-2: If the dropped part is from the ending of the earlier UL (which is different than legacy rule), coding rate is impacted (as the last symbol is lost)
In both cases, at least one symbol is lost anyways (unless if the overlapping part is very small). Furthermore, in Alt 2-1, the whole UL channel may be lost if the DMRS is lost. Then, it seems that the scheduling restriction (leaving a symbol gap) is a better approach.

Overall, we think that scheduling restriction may be the easiest approach w/o resulting in losing the whole UL transmission (e.g., which is the case if UE drops part of the front-loaded DMRS symbol, i.e., Alt2-1 above). 
Regarding Alt1 versus Alt3 in the agreement above, we think Alt3 should be enough for a scheduling restriction as specification does not need to define “X symbols”. Furthermore, it seems ambiguous whether the gap in Alt3 is based on the logical time (before applying the TA) or actual time (after applying the TA). For Alt3, network needs to ensure the overlapping never happens, which is applicable only to two UL channels / signals that are actually transmitted (i.e., after legacy UCI multiplexing / UL dropping / limitations for UE transmission).
Proposal 4: For multi-DCI based multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, support Alt3 (Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap).
· This applies after UE determines the two UL channels/signals are to be transmitted, i.e., after legacy UCI multiplexing / UL dropping / limitations for UE transmission as described in clause 11.1 of 38.213.
Impact on random access procedures
In legacy systems for connected mode UEs, PDCCH order can be used to trigger contention-free random access to acquire UL timing when it goes out-of-sync. The PDCCH order for this purpose can be used either for the PCell (for PTAG) or SCell (for STAG). In either case, UE transmits the PRACH in the cell for which the UL timing re-sync is required in response to the PDCCH order, and then RAR PDCCH/PDSCH is received on the PCell. The RAR PDSCH indicates the absolute TA value (12 bits) for the cell in which the PRACH is transmitted on. This is illustrated in Figure 2.
[image: ]
[bookmark: _Ref101182590]Figure 2: CFRA triggered by PDCCH order to acquire UL timing for PCell / SCell.

In RAN1 #111, CFRA triggered by PDCCH order was agreed for both intra-cell and inter-cell multi-DCI based mTRP with two TAGs:
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.

For intra-cell multi-DCI based mTRP, the following alternatives were agreed in RAN1 #112-bis-e:
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.

Regarding Alts 3, such division is not necessary for intra-cell case given that association of SSBs with the two TRPs is up to the network and is transparent to the UE so far. In fact, the existing CFRA-based PDCCH order is able to trigger PRACH toward either of TRPs for intra-cell mTRP, and the main remaining issue is for the UE to know the absolute TA command in RAR corresponds to which of the two TAGs. 
For Alt2, the main issue is that it is not applicable to UE-initiated CBRA. RAN2 has already agreed the following 
From RAN2 perspective, per TRP UE-initiated RACH procedure is not supported.
Hence, for any UE-initiated CBRA, the legacy procedures are followed, where the UE may select an SSB from either the first TRP or the second TRP for CBRA in which case Alt1 is necessary to avoid the confusion that TA command should be applied to which of the two TAGs unless if UE always falls back to single-TAG operation after any UE-initiated CBRA. This fallback behaviour may require some spec impacts and should be discussed in case of Alts 2. 
Given the discussions above, our first preference is Alt1. Our second preference is Alt2 (to have a unified solution with inter-cell), but in that case, a fallback behaviour as discussed above is needed.   
Proposal 5: For CFRA-based PDCCH order in case of intra-cell multi-DCI based multi-TRP operation with two TA enhancement: 
· First preference: Support to indicate TAG ID (first TAG or second TAG) as part of TA command in RAR (Alt1)
· Second preference: 
· Support to indicate TAG ID (first TAG or second TAG) as part of PDCCH order (Alt2). 
· UE always falls back to single-TAG operation after any UE-initiated CBRA.
· FFS: Details.

Regarding PDCCH scheduling RAR, the following were agreed in RAN1 #112 and RAN1 #112-bis-e: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 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 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


In case of inter-cell mTRP, Type 1 CSS is always transmitted from the serving cell PCI in PCell as agreed before. Furthermore, we consider the following legacy rules:
· Legacy Rule 1: PL-RS and referenceSignalPower for PRACH power control are based on the DL-RS that the DMRS of PDCCH order is QCLed with.
· Legacy Rule 2: QCL rule between PDCCH order and RAR in case of CFRA-based PDCCH order
· This rule is only applicable when CFRA is triggered for the PCell.
· This rule is only relevant for RAR-based solution (not applicable to RAR-less solution).
If we assume coresetPoolIndex value 0 (TRP0) is associated with the serving cell PCI (PCI0), and coresetPoolIndex value 1 (TRP1) is associated with PCI1 (active additional PCI), RAR is always from TRP0 of the PCell. Considering the sequence of PDCCH order  PRACH  RAR, we have the following cases for the three different scenarios of triggering PRACH toward serving cell PCI (PCI0), active additional PCI (PCI1), and inactive additional PCI (PCI2), which results in six possibilities in total. It can be observed that Rule 1 and/or Rule 2 are violated in some of these possibilities:

	PRACH toward
	PDCCH order  PRACH  RAR
	Rule 1
	Rule 2

	PCI0 (serving PCI)
	Case 1-1: TRP0  PCI0  TRP0
	Ok
	Ok

	
	Case 1-2: TRP1  PCI0  TRP0
	Violated
	Violated

	PCI1 (active additional PCI)
	Case 2-1: TRP0  PCI1  TRP0
	Violated
	Ok

	
	Case 2-2: TRP1  PCI1  TRP0
	Ok
	Violated

	PCI2 (inactive additional PCI)
	Case 3-1: TRP0  PCI2  TRP0
	Violated
	Ok

	
	Case 3-2: TRP1  PCI2  TRP0
	Violated
	Violated



Given that “the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP” is agreed at least for inter-cell mTRP (and it is a WA for intra-cell mTRP), our understanding is that in the absence of further restrictions, all cases listed in the table above are supported. Hence, to address the cases in which Rule 1 and/or Rule 2 are violated should be discussed.   
To address PRACH power control related to Rule 1, Cases 1-2, 2-1, 3-1 and 3-2 (cross-TRP PDCCH order) are relevant. However, legacy rule should be still used for Cases 1-1 and 2-2 (same-TRP PDCCH order).
Note that for CFRA-based PDCCH order, UE does not measure the indicated SSB as a result of PDCCH order (hence the reason for rule 1 in legacy). For Cases 1-2 and 2-1, the PRACH power control can be based on the DL-RS of either the first indicated TCI state or the second indicated TCI state that is associated with the TRP toward which the PRACH is triggered. This is because UE already maintains an active beam toward that TRP. For the case of inactive additional PCI (Cases 3-1 and 3-2), the PRACH power control can be based on the SSB index that is indicated by PDCCH order DCI. However, this assumes that the UE has already measured that SSB index from that inactive additional PCI. Hence, it should be configured for periodic L1-RSRP measurement and report and should be among the reported beams (with strongest RSRP) in the most recent L1-RSRP report. Otherwise, UE is forced to calculate PL corresponding to all 64 SSBs of all PCIs. 
Proposal 6: For inter-cell multi-DCI based multi-TRP operation with two TAGs in a CC:
· For same-TRP PDCCH order (Case 1-1/2-2), the legacy rule applies for PRACH power control
· For cross-TRP PDCCH order when PRACH is toward an active TRP (Case 1-2 for serving cell PCI or Case 2-1 for active additional PCI), the PRACH power control is based on the DL-RS of either the first indicated TCI state or the second indicated TCI state that is associated with the active TRP.
· [bookmark: _Hlk134175373]For cross-TRP PDCCH order when PRACH is toward an inactive PCI (Case 3-1/3-2), the PRACH power control is based on the SSB index that is indicated by the PDCCH order DCI, 
· The UE expects the SSB index to be configured for periodic L1-RSRP report and is among the reported beams in the most recent L1-RSRP report.

To address the QCL of RAR related to Rule 2 in case of PCell, Cases 1-2, 2-2, and 3-2 (when TRP1 transmits the PDCCH order) are relevant. However, legacy rule should be still used for Cases 1-1, 2-1, and 3-1 (when TRP0 transmits the PDCCH order). 
Note that in case of SCell in legacy, the QCL of RAR is simply based on the CORESET associated with the Type1-PDCCH CSS set. For reference, see below wrt Rule 2 in case of PCell and the rule for SCell:If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure for the SpCell [11, TS 38.321], the UE may assume that the PDCCH that includes the DCI format 1_0 and the PDCCH order have same DM-RS antenna port quasi co-location properties. If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure for a secondary cell, the UE may assume the DM-RS antenna port quasi co-location properties of the CORESET associated with the Type1-PDCCH CSS set for receiving the PDCCH that includes the DCI format 1_0.

This rule for SCell can be reused for Cases 1-2 / 2-2 / 3-2 in the case of PCell.
Proposal 7: For inter-cell multi-DCI based multi-TRP operation with two TAGs in the PCell, for RAR-based solution:
· When the PDCCH order is transmitted from the TRP that is associated with Type 1 CSS (Case 1-1/2-1/3-1), the legacy rule applies for QCL of RAR.
· When the PDCCH order is transmitted from the TRP that is not associated with Type 1 CSS (Case 1-2/2-2/3-2), the RAR is QCLed with the DMRS of the CORESET associated with the Type1-PDCCH CSS set.

Additionally, for RAR-based solution, when PRACH is toward inactive additional PCI, the absolute TA command in RAR should not be applied immediately given that the PCI may not become active by that time (note that which additional PCI is active depends on TCI state activation MAC-CE). Hence, UE needs to store the absolute TA command and apply it after a TCI state associated with that PCI becomes active. Similar issue has been discussed in the mobility agenda in the case of RAR-based solution:
Agreement (mobility AI)
For PDCCH ordered RACH mechanism in R18 LTM, when reception of RAR is configured, 
· the UE stores(remembers/maintains/handles) a TA for at least one candidate cell
· storing(remembering/maintaining/handling) corresponding TAs for more than one candidate cell is up to UE capability
· detailed number of candidate cell is up to UE capability 

Hence, we propose the following:
Proposal 8: For inter-cell multi-DCI based multi-TRP operation with two TAGs, for RAR-based solution:
· When PRACH is toward an inactive PCI, the UE does not apply the absolute TA command in RAR until after a TCI state associated with that PCI becomes active.
· Maximum number of absolute TA commands that the UE can store for different inactive additional PCIs is up to UE capability.

Furthermore, for inter-cell mTRP, if PRACH is toward an additional PCI (active or inactive), given that RAR is always transmitted from the serving cell PCI, additional delay for starting the MSG2 response window would be needed to accommodate the non-ideal backhaul between two TRPs.
Proposal 9: For inter-cell multi-DCI based multi-TRP operation with two TAGs, for RAR-based solution:
· When PRACH is toward an additional PCI (active or inactive), support to configure an additional delay/timer for starting the RAR response window to accommodate the non-ideal backhaul.

In addition to RAR-based solution, we think RAR-less solution should be also supported. Most issues for RAR-less solution are common between this agenda and mobility agenda. In our understanding, the only addition that is needed is to be able to reuse the existing absolute TA command MAC-CE given that LTM MAC-CE cannot be directly used in our case. If RAR-less solution is not supported for two TAs for multi-DCI based multi-TRP, different implementations would be needed between multi-TRP case and mobility case, which would be unfortunate and reduces the likelihood of deployment. 
Proposal 10: In addition to RAR-based solution, support RAR-less solution by reusing the mechanisms agreed in the mobility agenda.
· The existing absolute TA command MAC-CE is reused for RAR-less solution.
Switching between intra-cell and inter-cell mTRP
In Rel-17 inter-cell mTRP, up to 7 additional PCIs can be configured while one of them may be activated based on TCI state activation MAC-CE. The MAC-CE can also switch between intra-cell and inter-cell mTRP based on whether both coresetPoolIndex values have activated TCI states associated with the serving cell PCI, or one coresetPoolIndex value has activated TCI states associated with serving cell PCI and the other coresetPoolIndex value has activated TCI states associated with an additional PCI.
At the same time, the configuration of two TAGs for a CC configured with multi-DCI based mTRP and additional PCIs is RRC-based. Then, depending on the deployment scenario, network should be able to operate in one of the following assumptions:
· Assumption 1: UE maintains two TAGs irrespective of intra-cell or inter-cell mTRP. 
· With this assumption, CFRA-based PDCCH order should be able to acquire TA for serving cell PCI associated with coresetPoolIndex value 0, serving cell PCI associated with coresetPoolIndex value 1, additional PCI #1, additional PCI #2, …, additional PCI #7 (up to 9 possibilities).
· Note that only two TAs out of the 9 possibilities above are active at any given time (which correspond to the two maintained TAGs) depending on intra-cell mTRP or inter-cell mTRP as well as which additional PCI is active. 
· Assumption 2: UE maintains only one TAG if all active TCI states across both coresetPoolIndex values are associated with the serving cell PCI.
· With this assumption, one TAG is associated with the serving cell PCI, and another TAG is associate with an additional PCI. Hence, UE switches between single-TAG and two-TAGs depending on whether the UE is in intra-cell or inter-cell mTRP mode. 

Proposal 11: If a CC is RRC-configured with two TAGs and one or more additional PCIs with multi-DCI based mTRP operation, study the following assumptions when TCI state activation MAC-CE(s) result in switching between intra-cell and inter-cell multi-DCI based mTRP:
· Assumption 1: UE maintains two TAGs irrespective of intra-cell or inter-cell mTRP. 
· Assumption 2: UE maintains only one TAG when MAC-CE switches the operation from inter-cell mTRP to intra-cell mTRP.
Conclusion 
In this contribution, we proposed:
Proposal 1: For multi-DCI based multi-TRP operation with two TAs:
· First preference: Only support unified TCI framework.
· This reverts the earlier agreement wrt applicability to “UL beam indication via spatial relation”.
· Second preference: For Rel-15/16 legacy TCI / spatial relation framework in both FR1 and FR2, support Option 2: Associate TAG to coresetPoolIndex via the following:
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, coresetPoolIndex is RRC-configured.
· for P-PUCCH, SP-PUCCH, and AP-PUCCH carrying HARQ-ACK coresetPoolIndex is RRC-configured per PUCCH resource
· for P-SRS, SP-SRS, and AP-SRS, coresetPoolIndex is RRC-configured per SRS resource set

Proposal 2: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation:
· UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG 
· Association of TAG ID with UL/joint TCI state is via RRC configuration 
· UE expects the first indicated TCI state that is associated with coresetPoolIndex value 0 (as defined in 9.1.1.1) to be configured with the first TAG. Similarly, UE expects the second indicated TCI state that is associated with coresetPoolIndex value 1 (as defined in 9.1.1.1) to be configured with the second TAG.

Proposal 3: For multi-DCI multi-TRP operation with two TAs, the two DL reference timings associated with the two TAGs are based on “the first detected path (in time) in the reference CC” corresponding to the two indicated TCI states.

Proposal 4: For multi-DCI based multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, support Alt3 (Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap).
· This applies after UE determines the two UL channels/signals are to be transmitted, i.e., after legacy UCI multiplexing / UL dropping / limitations for UE transmission as described in clause 11.1 of 38.213.

Proposal 5: For CFRA-based PDCCH order in case of intra-cell multi-DCI based multi-TRP operation with two TA enhancement: 
· First preference: Support to indicate TAG ID (first TAG or second TAG) as part of TA command in RAR (Alt1)
· Second preference: 
· Support to indicate TAG ID (first TAG or second TAG) as part of PDCCH order (Alt2). 
· UE always falls back to single-TAG operation after any UE-initiated CBRA.
· FFS: Details.

Proposal 6: For inter-cell multi-DCI based multi-TRP operation with two TAGs in a CC:
· For same-TRP PDCCH order (Case 1-1/2-2), the legacy rule applies for PRACH power control
· For cross-TRP PDCCH order when PRACH is toward an active TRP (Case 1-2 for serving cell PCI or Case 2-1 for active additional PCI), the PRACH power control is based on the DL-RS of either the first indicated TCI state or the second indicated TCI state that is associated with the active TRP.
· For cross-TRP PDCCH order when PRACH is toward an inactive PCI (Case 3-1/3-2), the PRACH power control is based on the SSB index that is indicated by the PDCCH order DCI, 
· The UE expects the SSB index to be configured for periodic L1-RSRP report and is among the reported beams in the most recent L1-RSRP report.

Proposal 7: For inter-cell multi-DCI based multi-TRP operation with two TAGs in the PCell, for RAR-based solution:
· When the PDCCH order is transmitted from the TRP that is associated with Type 1 CSS (Case 1-1/2-1/3-1), the legacy rule applies for QCL of RAR.
· When the PDCCH order is transmitted from the TRP that is not associated with Type 1 CSS (Case 1-2/2-2/3-2), the RAR is QCLed with the DMRS of the CORESET associated with the Type1-PDCCH CSS set.

Proposal 8: For inter-cell multi-DCI based multi-TRP operation with two TAGs, for RAR-based solution:
· When PRACH is toward an inactive PCI, the UE does not apply the absolute TA command in RAR until after a TCI state associated with that PCI becomes active.
· Maximum number of absolute TA commands that the UE can store for different inactive additional PCIs is up to UE capability.

Proposal 9: For inter-cell multi-DCI based multi-TRP operation with two TAGs, for RAR-based solution:
· When PRACH is toward an additional PCI (active or inactive), support to configure an additional delay/timer for starting the RAR response window to accommodate the non-ideal backhaul.

Proposal 10: In addition to RAR-based solution, support RAR-less solution by reusing the mechanisms agreed in the mobility agenda.
· The existing absolute TA command MAC-CE is reused for RAR-less solution.

Proposal 11: If a CC is RRC-configured with two TAGs and one or more additional PCIs with multi-DCI based mTRP operation, study the following assumptions when TCI state activation MAC-CE(s) result in switching between intra-cell and inter-cell multi-DCI based mTRP:
· Assumption 1: UE maintains two TAGs irrespective of intra-cell or inter-cell mTRP. 
· Assumption 2: UE maintains only one TAG when MAC-CE switches the operation from inter-cell mTRP to intra-cell mTRP.
1 References
[1] [bookmark: _Ref450583331]RP-213598, New WID: MIMO Evolution for Downlink and Uplink, Samsung.



8/8
image1.png
PCell / SCell

PCell / SCell

Pcell

UE gNB

@ |

CFRA-based PDCCH order

Random Access Preamble—|

[€——RA Preamble assignment——— @

R Timing Advance Command
Timing Advance Command UL Grant
UL Grant
UL Grant
UL Grant

[€«——Random Access Response———— @

Temporary C-RNTI

Temporary C-RNTI

Oct 1

Oct2

Oct 3

Oct 4

Oct 5

Oct6

Oct7




