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1. Introduction
The WID [1] of MIMO evolution for downlink and uplink was agreed in RAN#94e meeting. According to the arrangement, the objectives related to this agenda item are highlighted as below
2. 
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.

In this contribution, we present our views on the remaining aspects of two TAs for M-DCI MTRP to be addressed.
2. Remaining issues
2.1. Association between TAG and UL channel/signal
In RAN1#112, the agreement on how to associate TAGs to target UL channels/signals was achieved as below. In RAN1#113, the association between UL/joint TCI state and CORESETPoolIndex was further clarified. 
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
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the baseline feature is revised as follows:
· 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 
· Above does not impact the association of the indicated TCI states and coresetPoolIndex values as agreed in previous meetings in 9.1.1.1.


In our reading, each TAG ID can be associated with or included into (up to RAN2 design) UL/joint TCI state. The baseline approach is to restrict UL/joint TCI states associated to one CORESETPoolIndex to one TAG only. Otherwise, UL channels/signals with different UL/joint TCI states toward one TRP may have two different TAs. That’s somehow not aligned with the spirit of this WID, i.e. two TAs for M-TRP where M-TRP refers two TRPs in our understanding. As for the working assumption (part of the agreement), a UE capability on whether to support UL/joint TCI states associated to one CORESETPoolIndex correspond to two TAGs was introduced. From what’s being said above, we failed to see motivation to allow this UE capability. 
Observation 1: For two TAs of M-DCI MTRP, there seems no strong motivation to introduce UE capability on UL/joint TCI states associated to one CORESETPoolIndex correspond to two TAGs. 
Proposal 1: Revert the working assumption on UL/joint TCI states of UL signals/channels associated to one CORESETPoolIndex correspond to two TAGs.
2.2. PL RS for PRACH
In RAN1#114bis, the following agreement was achieved to confirm the working assumption of X-TRP PDCCH order triggered PRACH for 2TA. 
Agreement
The following working assumption is confirmed
· “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.”
Above confirmation does not change power control for the same TRP PDCCH order.


For the case of RACH procedure toward TRPX triggered by a PDCCH order from the same TRPX, the agreement notes that the power control is not changed from legacy. More specifically, the PL RS for PRACH has to be quasi-co-located with the CORESET containing the PDCCH order. For the other case of RACH procedure toward TRPY triggered by a PDCCH order from a different TRPX, the legacy PL RS determination cannot apply. The SSB indicated in the PDCCH order can be used by UE as PL RS. Of course, to maintain UE complexity on SSB measurements and maintenance to an acceptable level, conditions on those indicated SSB can be added. 
We illustrate the whole procedure as in Figure 1. 

 
Figure 1 [bookmark: _Ref129770031]: RACH procedure toward TRP #Y triggered by PDCCH order from TRP #X
Proposal 2: For X-TRP PRACH triggering of both intra-cell and inter-cell M-DCI MTRP, the indicated SSB in the PDCCH order is used as the PL-RS for determining the transmit power of PRACH transmission.
2.3. [bookmark: _GoBack]Additional information bits in the PDCCH order
In RAN1#114bis, the following agreement on how to use the reserved bits in PDCCH order was made. Particularly, 1 bit was agreed for indicting additionalPCI for inter-cell MTRP for 2 TA and another separate field (at least 3 bits) was agreed for indicting candidate cell for LTM TA. Totally, there are 10 reserved bits. To be future-proof, we should be more careful and cautious on whether to introduce additional information bit(s) in PDCCH order. 
Agreement
When a UE is configured with both the inter-cell multi-DCI based Multi-TRP operation with two TAs and Rel-18 LTM features, 
· Alt 1:  separate fields are used to indicate additionalPCI (for inter-cell mTRP) and to indicate cell indicator field (for Rel-18 LTM)


Observation 2: To be future-proof, RAN1 should be cautious on whether to introduce additional information bits in PDCCH order. 
2.3.1 1 bit to differentiate between the same TRP PRACH and X-TRP PRACH
It is reasonable to expect that the PL RS selections for the same TRP PRACH transmission and X-TRP PRACH transmission could be different. It does matter for a UE to know which PL RS to apply before PRACH transmission. Rather than the method of inserting another 1 bit information to explicitly indicate either same TRP PRACH Tx or X-TRP PRACH Tx, other implicit information in the PDCCH order can be leveraged. 
In the PDCCH order, the indicated SSB can anyway be associated with indicated UL/joint TCI state, which was agreed to be associated with TAG. Specifically, the association between SSB and UL/joint TCI state can be direct (SSB being configured in the TCI state as QCL source) or indirect (SSB being the root QCL source of the RS configured in the TCI state). The association between SSB and TAG can then be established. Moreover, the PDCCH order comes from a CORESET which can be associated with a CORESETPoolIndex, which also corresponds to one of two TAGs. 
With above being said, from the SSB indicated in the PDCCH order, UE can identify whether it is the same TRP or X-TRP PRACH transmission. Hence, there is no ambiguity in selecting the PL RS for PRACH. Not to mention that the implicit information would be additionally cost a bit in the PDCCH order.
Observation 3: From the indicated SSB in the PDCCH order, UE can tell whether the same TRP or X-TRP PRACH is triggered, thus selecting proper PL RS for PRACH. 
Proposal 3: No need to introduce 1 bit in PDCCH order to explicitly indicate legacy PL RS selection or SSB-based PL RS.
2.3.2 1 bit to differentiate between 2TA and LTM TA
As agreed in RAN1#114bis, two separate DCI fields are to be specified for 2TA and LTM TA respectively.
In RAN1#114bis, 1-bit indication of additionalPCI in PDCCH order for 2TA has been agreed. It implies that the two codepoints (i.e. ‘0’ and ‘1’) indicates the PRACH is either toward serving cell TRP or activated additionalPCI TRP. 
From the agenda of LTM feature in RAN1#114bis, the following agreement was made to design the codepoints of cell indicator field in PDCCH order. It reads that all the codepoints are used to indicate either current serving cell or candidate cells. 
Agreement
The bit field codepoint ‘0’ of cell indicator field in PDCCH order indicates PRACH for current serving cell, the rest bit field codepoints are mapped to candidate cells configured with EarlyUlSyncConfig-r18.
· One-to-one mapping between bit field codepoint from 1 to C to candidate cell IDs in an ascending order

No reserved codepoint in any of the two separate fields is left other usage. 
As a common sense, one PDCCH order can only trigger PRACH for one purpose, i.e. either for 2TA or for LTM TA acquisition. Consider the similarity between inter-cell MTRP and MTRP-based LTM, we wonder whether such two MTRP-based features should be configured simultaneously to a UE. If yes, it seems RAN1 should figure out how to distinguish between those two features; otherwise (not allowed both features to be configured at the same time), then in our view the PDCCH order design has been completed.
Proposal 4: In RAN1, further discuss whether the features of inter-cell MTRP and LTM can be simultaneously configured to a UE.
If both 2TA and LTM features can be configured to a UE, then RAN1 may need to consider the above-mentioned issue. Fortunately, in RAN1#114bis, the following two approaches have been provided by FL. Alt A is to add one more field to explicitly indicate the type of the PDCCH order, i.e. the legacy, 2 TA or LTM TA. Alt B depends on the codepoints of both cell indicator field and additional PCI field. From the combinations of these two fields, all 3 types of PDCCH orders can be covered. Moreover, since the PDCCH order is addressed by NW, hence it’s up to NW to send correct combinations of these fields. 
 Proposal 4.2
When a UE is configured with both the inter-cell multi-DCI based Multi-TRP operation with two Tas and Rel-18 LTM features 
· Alt A:  an additional field in PDCCH order indicates the purpose of PDCCH order among the following possibilities:
· whether PDCCH order is a legacy PDCCH order
· whether PDCCH order is for triggering PRACH for inter-cell MTRP with 2TA
· whether PDCCH order is for triggering PRACH for a cell for Rel-18 LTM 
· Alt B:  decide the purpose of PDCCH order based on the values of cell indicator field and additionalPCI field indicated in PDCCH order
· If cell indicator field indicates value zero and the additionalPCI field indicates value zero, then the PDCCH order is a legacy PDCCH order
· If cell indicator field indicates value zero and the additionalPCI field indicates a non-zero value, then the PDCCH order is for triggering PRACH for inter-cell MTRP with 2TA
· If cell indicator field is a nonzero value and the addtionalPCI field indicates a zero value, then the PDCCH order is for a cell for Rel-18 LTM

Proposal 5: If both the features of inter-cell MTRP and LTM are configured to a UE, support to decide the purpose of PDCCH order based on the values of cell indicator field and additionalPCI field.
Furthermore, it seems the following combination is an error case, so UE doesn’t expect that combinations of two fields to be received. 
· If cell indicator field is a nonzero value and the addtionalPCI field indicates a non-zero value, then the PDCCH order is an error case
Observation 4: For the case when both the features of inter-cell MTRP and LTM are configured to a UE, it would be an error case if cell indicator field indicates a nonzero value and the addtionalPCI field indicates a non-zero value respectively. 
Proposal 6: If both the features of inter-cell MTRP and LTM are configured to a UE, UE does not expect that both fields indicate non-zero values. 
2.3.3 1 bit to differentiate between the DL reference timings
To differentiate DL reference timings from different TRPs, RAN4 made the following agreement. 
Agreement: 

For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place  before the reception of the first detected path (in time) of the corresponding downlink frame of the reference signal associated with UL/joint TCI state.

More specifically, UE could refer to the SSB indicated in PDCCH order. As we explained in previous section, the indicated SSB can be associated with indicated UL/joint TCI state which links to a TAG. Since UE always has to track the indicated UL/joint TCI state, UE has measured the SSB associated with the indicated TCI state, at least from the aspect of DL reference timing. 
From this sense, the UE can know to which TAG the PRACH applies and take the SSB for the DL reference timing. With above being said, we have the followings. 
Observation 5: From the indicated SSB in the PDCCH order, UE can tell the associated UL/joint TCI state and the associated TAG, thus applying the tracked SSB as one of the DL reference timings. 
Proposal 7: No need to introduce 1 additional bit in PDCCH order to explicitly indicate which DL reference timing to be applied for PRACH.

3. Conclusion
Based on above discussions, the following proposals and observations are repeated as below
Proposal 1: Revert the working assumption on UL/joint TCI states of UL signals/channels associated to one CORESETPoolIndex correspond to two TAGs.
Proposal 2: For X-TRP PRACH triggering of both intra-cell and inter-cell M-DCI MTRP, the indicated SSB in the PDCCH order is used as the PL-RS for determining the transmit power of PRACH transmission.
Proposal 3: No need to introduce 1 bit in PDCCH order to explicitly indicate legacy PL RS selection or SSB-based PL RS.
Proposal 4: In RAN1, further discuss whether the features of inter-cell MTRP and LTM can be simultaneously configured to a UE.
Proposal 5: If both the features of inter-cell MTRP and LTM are configured to a UE, support to decide the purpose of PDCCH order based on the values of cell indicator field and additionalPCI field.
Proposal 6: If both the features of inter-cell MTRP and LTM are configured to a UE, UE does not expect that both fields indicate non-zero values.
Proposal 7: No need to introduce 1 additional bit in PDCCH order to explicitly indicate which DL reference timing to be applied for PRACH.

Observation 1: For two TAs of M-DCI MTRP, there seems no strong motivation to introduce UE capability on UL/joint TCI states associated to one CORESETPoolIndex correspond to two TAGs. 
Observation 2: To be future-proof, RAN1 should be cautious on whether to introduce additional information bits in PDCCH order.
Observation 3: From the indicated SSB in the PDCCH order, UE can tell whether the same TRP or X-TRP PRACH is triggered, thus selecting proper PL RS for PRACH.
Observation 4: For the case when both the features of inter-cell MTRP and LTM are configured to a UE, it would be an error case if cell indicator field indicates a nonzero value and the addtionalPCI field indicates a non-zero value respectively.
Observation 5: From the indicated SSB in the PDCCH order, UE can tell the associated UL/joint TCI state and the associated TAG, thus applying the tracked SSB as one of the DL reference timings.
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