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1	Introduction
During RAN#94e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed [1], including extension of unified TCI state framework to multi-TRP operation. 
In this contribution, we discuss the remaining issues of the unified TCI framework extension for multi-TRP.
[bookmark: _Ref178064866]2	Discussion
2.1	Default TCI states
2.1.1	Default TCI state for single-TRP PDSCH reception
In RAN1#113, RAN1 agreed
Agreement 
On unified TCI framework extension for S-DCI based MTRP, support the following:
· Using RRC configuration to indicate whether the first, second, or both of the indicated joint/DL TCI states is/are applied to PDSCH reception scheduled/activated by DCI format 1_0 
· If not configured, the first indicated joint/DL TCI state is applied
· Only when the UE is configured with PDSCH-CJT and the UE supports two joint TCI states for PDSCH-CJT or the UE is configured with PDSCH-SFN, the RRC configuration can indicate both indicated joint/DL TCI states are applied.
· For PDSCH-CJT and PDSCH-SFN, if the RRC configuration indicates both indicated joint/DL TCI states are applied, the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by DCI format 1_0 on a search space other than Type0/0A/2 CSS on CORESET#0 (FFS: Other search space and/or CORESETs)
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception is equal to or larger than a threshold

In RAN1#113, the following was also agreed:
Agreement
On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception
· If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold

This specifies how the UE would determine the default beams (i.e., when TCI state selection field is not present) for PDSCH for the case when there are two indicated TCI states and two PDSCH are transmitted. The agreement does not provide a solution for the case where there are two indicated TCI states and one PDSCH is transmitted from one TRP, i.e., for multi-TRP PDCCH repetition with single-TRP transmission for PDSCH, HST-SFN PDCCH, multi-TRP PUCCH/PUSCH repetition, and STxMP with single-TRP PDSCH transmission:
[bookmark: _Hlk146882889][bookmark: _Toc146885368]The UE cannot determine if the PDSCH is received from one or two TRPs in the absence of the TCI selection field.
In legacy, the UE determines if the PDSCH is received from one or two TRPs depending on how many TCI states are activated. This is not possible for the unified TCI framework, where two TCI states can be indicated even if the PDSCH is received from one TRP. 
The issue is illustrated in Figure 1 for PDCCH repetition and HST-SFN PDCCH with single-TRP PDSCH transmission. 
[bookmark: _Ref127179447][image: ]
[bookmark: _Ref127446768]Figure 1: Illustration of PDCCH repetition and HST-SFN transmission. The default indicated TCI state for PDSCH is undetermined for these two cases.
To solve this issue, we propose to reuse the RRC configuration agreed for DCI format 1_0 also for the case where there are two indicated TCI states and single-TRP PDSCH transmission: 
[bookmark: _Toc146885370]Reuse the RRC parameter controlling the default indicated TCI state for DCI format 1_0 also for DCI format 1_1 and 1_2 for single-TRP PDSCH transmission with two indicated TCI states.
2.1.2	TCI state for multi-DCI multi-TRP before first indication
Another remaining issue is related to initial operation for multi-DCI multi-TRP. According to RAN1 agreements, there is no possibility to perform cross-TRP TCI state indication for multi-DCI multi-TRP. Since the main intention with multi-DCI multi-TRP is to operate the TRPs independently, this is natural. However, this becomes a problem during the initial setup of the second TRP.
To set up the second TRP (corresponding to CORESETPoolIndex 1), the following steps are needed:
The NW decides to activate TRP2, based on L1 measurement reports received at TRP1
The NW sends a MAC CE over TRP1 to activate multiple TCI states for CORESETPoolIndex 1. This is possible, since the MAC CE contains a CORESETPoolIndex field.
One of the activated TCI states is indicated using DCI. 
The problem is that the PDCCH in step 3 can only be sent over a CORESET associated with CORESETPoolindex 1, but since there is no indicated TCI state for that CORESETPoolIndex, the UE cannot receive a PDCCH associated with CORESETPoolIndex 1. 
For single-TRP and single-DCI multi-TRP, this is not a problem, since the UE would continue to use the QCL assumption it used before the activation. But for multi-DCI multi-TRP, there is no such prior QCL assumption: the UE cannot guess how the NW would transmit the initial PDCCH from TRP2.
Hence, we realize that we need to define which QCL assumption the UE would use to receive the PDCCH carrying the initial beam indication for TRP2, i.e., for CORESETPoolIndex 1. In other words, which of the activated TCI states the UE should use to receive the PDCCH carrying the initial beam indication for TRP2:
[bookmark: _Toc146885371]Define a rule to determine which of the activated TCI states the UE would use before any TCI state has been indicated.
One simple rule could be that the UE uses the first activated TCI state before any TCI state has been indicated:
[bookmark: _Toc146885372]Before initial indication of a TCI state corresponding to CORESETPoolIndex 1, the UE assumes the first activated TCI state is indicated.
2.2	How to map the indicated TCI state(s) to target channel(s)/signal(s)  
In RAN1#112-bis, RAN1 made the following agreements:
Agreement
On unified TCI framework extension for S-DCI based MTRP, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS resources in an AP CSI-RS resource set for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· FFS: If there is any other DL signal in the same symbols as the AP CSI-RS 
· If there is no DL signal in the same symbols as the AP CSI-RS:
· If the UE is in FR1 or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, the UE shall apply the first or the second indicated joint/DL TCI state to the AP CSI-RS according to the RRC configuration(s) provided to the AP CSI-RS resource or AP CSI-RS resource set
· Otherwise, the UE shall apply the first indicated joint/DL TCI state to the AP CSI-RS.
· FFS: The definition of other DL signals

Agreement
On unified TCI framework extension for M-DCI based MTRP, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS resources in an AP CSI-RS resource set for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· If there is no other DL signal in the same symbols as the AP CSI-RS:
· If the UE is in FR1 or the UE supports the capability of default beam per coresetPoolIndex for M-DCI based MTRP in FR2:
· Alt1: The UE shall apply the first or the second indicated joint/DL TCI state to the AP CSI-RS according to the RRC configuration(s) provided to the AP CSI-RS resources or AP CSI-RS resource set
· Otherwise, the UE shall apply the indicated joint/DL TCI state specific to coresetPoolIndex value 0 to the AP CSI-RS resource set.
· FFS: If there is any other DL signal in the same symbols as the AP CSI-RS 
· FFS: The definition of other DL signals

There are FFS in these two agreements related to which TCI state is applied if there is any other DL signal in the same OFDM symbol as the AP CSI-RS. The corresponding functionality exists also in legacy and is captured in clause 5.2.1.5.1 and 5.2.1.5.1a in 38.214. In principle, in legacy the UE would use the QCL assumption of the other DL signal also when receiving the AP CSI-RS. In our view, the text describing the corresponding functionality in legacy is very complicated and has caused a lot of confusion during the past few years. The use case and benefits of specifying this type of functionality is unclear to us. Therefore, we propose to use the same rule also when there is another DL signal in the same OFDM symbol, both for single-DCI and multi-DCI based multi-TRP:
[bookmark: _Toc146885373]On unified TCI framework extension for S-DCI and M-DCI based MTRP, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS resource is smaller than a threshold, and there is another DL signal in the same symbol as the AP CSI-RS, the UE  applies the same TCI state as when there is no other DL signal in the same OFDM symbol.
In RAN1#112, RAN1 formulated options for the association between indicated TCI states and PUCCH resources for multi-DCI based multi-TRP:
Agreement
On unified TCI framework extension for M-DCI based MTRP, down-select from the following options for PUCCH transmission:
· Opt1: A coresetPoolIndex value can be provided per PUCCH resource/resource group, and the UE shall apply the indicated joint/UL TCI state specific to the coresetPoolIndex value to the corresponding PUCCH transmission
· Opt2: An RRC configuration can be provided per PUCCH resource/resource group to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding PUCCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. Otherwise, either Opt1 or Opt2 is adopted.
· FFS: Whether Opt3 applies only when the UE is not provided with ackNackFeedbackMode = joint
· Opt4: For a PUCCH transmission with an LRR trigged for either the first BFD-RS set () or the second BFD-RS set () when the UE is provided only one or two schedulingRequestID-BFR configuration, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is 1 when the LRR is trigged for the first BFD-RS set () and the coresetPoolIndex value is 0 when the LRR is trigged for the second BFD-RS set (). Otherwise, either Opt1 or Opt2 is adopted.
Note: Either Opt1 or Opt2 must be supported

Then, in RAN1#112bis-e, the following was agreed
[bookmark: _Hlk134537982]Agreement
On unified TCI framework extension for M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported
· Note: Opt3 and Opt4 are not precluded

We note that the agreement from RAN1#112bis-e contains a note on the potential support for Opt3 and Opt4. In our understanding, Opt2 is a complete solution, whereas Opt3 and Opt4 are deviations from the Opt2 behaviour, without any motivation. Therefore, we propose
[bookmark: _Toc146885374]For PUCCH transmission in multi-DCI multi-TRP, do not support Opt3 or Opt4.  
2.3	UL PC for UL MTRP
In RAN1#113, RAN1 made the following agreement:
Agreement 
On unified TCI framework extension for S-DCI based PUSCH/PUCCH STxMP:
· The UE shall determine a first Tx power for PUSCH/PUCCH transmission occasion i based on the UL PC parameter settings for PUSCH/PUCCH, if any, and the PL-RS included in the first indicated joint/UL TCI state, and a second Tx power for the same PUSCH/PUCCH transmission occasion i based on the UL PC parameter settings for PUSCH/PUCCH, if any, and the PL-RS included in the second indicated joint/UL TCI state

This is a natural agreement: for a UE with two indicated TCI states, the UE derives two Tx powers, each determined by the UL PC parameters and PL-RS of the corresponding TCI state. Each Tx power is also determined per transmission occasion.
Transmission occasions were introduced to support PUSCH/PUCCH repetition, where the transmissions occur at different times. For STxMP, transmissions would occur at the same time: after all, the “S” in STxMP means “simultaneous”. We note that if we allow transmission occasions to overlap in time, the agreement will suffice, and we propose
[bookmark: _Ref142469433][bookmark: _Toc146885375]For STxMP, transmission occasions overlap, and the power control equations are used as is.
With Proposal 6, the UE would associate different panels with different transmission occasions and calculate the transmit power accordingly. 
Note that RAN4 has agreed to introduce a per panel PCMAX, although no LS has been received from RAN4 on this topic. Here it is good to recap how PCMAX is determined in FR2. From [6], section 6.2.4, we learn that
The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement as specified in TS 38.215 [11].

The highlighted sentence is important: it is the UE that configures its maximum output power – it is not signaled from the NW. The following paragraph in [6] explains how the UE configures its maximum power:
The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds
[bookmark: _Hlk36570999]PPowerclass + DPIBE – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax

We assume that the solution specified in [6] will remain: the UE would determine two PCMAX, one for each panel, but it would still be the UE that configures these. The NW would not be able to affect the configuration:
[bookmark: _Toc146885369]Even with two PCMAX, the UE would perform the configuration.
Note that the UE would have to determine the two PCMAX so that the UE always complies with the regulatory requirements, no matter how the NW decides to perform the scheduling. The determination of the two PCMAX values will thus be somewhat conservative.
We realize that with Proposal 6, the UE would associate one PCMAX with one transmission occasion:
[bookmark: _Toc146885376]The UE associates one PCMAX with one transmission occasion. 
This is the only change that is required for the actual power control equations. As in the legacy FR2 solution, the NW does not have any control of PCMAX. 
In RAN1#114, the following agreement was made
Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that one or both Type 1 PHRs are based on an actual PUSCH transmission
· If the actual PUSCH transmission applies both first and second indicated joint/UL TCI states, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission, and the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission 
· FFS: How to provide the second report for a reference PUSCH transmission?
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· FFS: How to provide the first report for a reference PUSCH transmission?
· FFS: If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, how to provide the first and second reports for reference PUSCH transmissions, respectively?

[bookmark: _Hlk146616659]Most of the debate during RAN1#114 that led to the above agreement was what would be reported for a reference PUSCH transmission: should PCMAX be included or not. The reason to exclude PCMAX would be that the calculation would be inaccurate since the applied power backoff of a reference PUSCH transmission is not representative of the power backoff for an actual transmission. 
Examining the power headroom MAC CEs in 38.321, we note that for all power headroom where multiple PCMAX can be reported, the PCMAX is excluded for the entries that correspond to virtual power headrooms, i.e., when the headroom is based on a reference transmission. Since the power headroom reports we are discussing here includes two PCMAX values, it would make sense to follow the same paradigm:
[bookmark: _Toc146885377]If any of the Type 1 PHRs is based on a reference PUSCH transmission, the UE provides only the {power headroom} associated with the corresponding indicated joint/UL TCI state for the reference PUSCH transmission.
The WID states that the power control enhancements are limited to single-DCI multi-TRP. However, we see that the multi-TCI state power headroom report would be applicable also to multi-DCI multi-TRP, and it would be artificial to limit the power headroom report to single-DCI:
[bookmark: _Toc146885378]The multi-TCI power headroom report is applicable also to multi-DCI multi-TRP. 
[bookmark: _Hlk61857909]Conclusion
In the previous sections we made the following observations: 
Observation 1	The UE cannot determine if the PDSCH is received from one or two TRPs in the absence of the TCI selection field.
Observation 2	Even with two PCMAX, the UE would perform the configuration.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Reuse the RRC parameter controlling the default indicated TCI state for DCI format 1_0 also for DCI format 1_1 and 1_2 for single-TRP PDSCH transmission with two indicated TCI states.
Proposal 2	Define a rule to determine which of the activated TCI states the UE would use before any TCI state has been indicated.
Proposal 3	Before initial indication of a TCI state corresponding to CORESETPoolIndex 1, the UE assumes the first activated TCI state is indicated.
Proposal 4	On unified TCI framework extension for S-DCI and M-DCI based MTRP, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS resource is smaller than a threshold, and there is another DL signal in the same symbol as the AP CSI-RS, the UE  applies the same TCI state as when there is no other DL signal in the same OFDM symbol.
Proposal 5	For PUCCH transmission in multi-DCI multi-TRP, do not support Opt3 or Opt4.
Proposal 6	For STxMP, transmission occasions overlap, and the power control equations are used as is.
Proposal 7	The UE associates one PCMAX with one transmission occasion.
Proposal 8	If any of the Type 1 PHRs is based on a reference PUSCH transmission, the UE provides only the {power headroom} associated with the corresponding indicated joint/UL TCI state for the reference PUSCH transmission.
Proposal 9	The multi-TCI power headroom report is applicable also to multi-DCI multi-TRP.
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