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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 collected and highlighted as below
2. 
3. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
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 present our view on the remaining a) aspects of extending unified TCI state for multi-TRP operation and b) power control for S-DCI based multi-TRP operation. 
Extending unified TCI framework to multi-TRP 
From Rel.16 to Rel.17, the multi-TRP transmission schemes have been studied and continuously specified. In Rel.18, STxMP is also supported with validated performance benefits and PDSCH CJT in DL was supported at FR1 with up to two indicated DL/joint TCI states.
In a short summary, these transmission schemes can be listed for DL and UL separately as below and illustration can be found in Figure 1. In addition, DL RS and UL RS though for single-TRP operation should apply the indicated DL/UL/joint TCI state as well. 
· DL transmission
· Rel.16 mTRP PDSCH (sDCI-mPDSCH, mDCI-mPDSCH, 1a/2a/2b/3/4)
· Rel.17 inter-cell multi-TRP (mDCI-mPDSCH)
· Rel.17 mTRP PDCCH repetition
· Rel.17 SFN PDCCH and SFN PDSCH (for HST)
· Rel.18 PDSCH CJT at FR1
· CSI-RS
· UL transmission
· Rel.17 mTRP PUCCH repetition
· Rel.17 mTRP PUSCH repetition
· Rel.18 simultaneous transmission of multi-panel (STxMP)
· SRS


Figure 1 [bookmark: _Ref110956393]: MTRP operation with unified TCI framework extension where two PDCCHs (including solid line and dashed line) and single PDCCH (including only solid line) stands for M-DCI and S-DCI MTRP, respectively
Rel-17 and Rel-18 unified TCI state framework switch
The issue of switching between Rel-17 and Rel-18 TCI frameworks pops up and heavily discussed in RAN1#113. The benefit comes from UE overhead reduction when possible. For certain scenario, e.g. for a cell center UE, it is applicable for the UE to fallback from Rel-18 TCI framework (two indicated DL/UL/joint TCI states) to Rel-17 TCI framework (single indicated DL/UL/joint TCI state). Hence, UE doesn’t have to maintain/track all the RS from multi-TRP. 
Alternatives were updated in RAN1#114 based MAC CE solution as follows for discussion. 
How to configure/determine that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP:
· Alt1:
· A CC/BWP is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if Rel-18 TCI state activation command (MAC-CE) where at least one activated TCI codepoint is mapped with both the first and second join/DL/UL TCI states is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-18 TCI state activation command (MAC-CE) where all activated TCI codepoint(s) is mapped with either only the first joint/DL/UL TCI state(s) or only the second joint/DL/UL TCI state(s) is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP
· Alt2:
· A CC/BWP is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if Rel-18 TCI state activation command (MAC-CE) is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP
· Alt3: Introduce a field in Rel-18 TCI state activation command (MAC-CE) to explicitly indicate that a CC/BWP is operated in Rel-17 unified TCI framework or Rel-18 unified TCI framework extension for S-DCI based MTRP

Thanks to the feature of partial update, UE always keeps the indicated DL/UL/joint TCI state not in the indicated set of TCI states. Hence by simply using Rel-18 TCI state activation/deactivation MAC CE, it seems not enough to switch back to Rel-17 TCI framework unless special UE behavior specified. 
However, given the fact that UE can identify Rel-17 and Rel-18 TCI state activation/deactivation MAC CEs, e.g. by checking the eLCID associated with the MAC CE. From this sense, Alt2 is workable without additional specification effort on UE behavior. 
In our reading, the updated Alt.1 includes the solution of Alt.2. And Alt.3 aims to add a new field in MAC CE which seems an overdesign if either Alt.1 or Alt.2 is workable. Moreover, companies may argue such TCI framework switch can be simply done by RRC re-configuration, but it seems undesirable considering the latency and overhead when compared with lower layer MAC CE. Moreover, considering the LS from RAN2 on MAC CE design, we would like to note that no additional MAC CE is to be introduced by neither Alt.1 nor Alt.2. 
However, assume no consensus in RAN1 on those alternatives can be achieved, at least RAN1 has to clarifies UE behavior on receiving Rel-17 or Rel-18 TCI state activation when activated by the other TCI state MAC CE. For instance, when a UE was activated by Rel-18 TCI state MAC CE previously, now the UE receives a Rel-17 state activation MAC CE, should the UE stay in Rel-18 TCI framework or fallback to Rel-17 TCI framework? By staying in Rel-18 TCI state framework, it implies the UE should store previously activated TCI state and only update the one indicated in Rel-17 TCI state MAC CE. The other possible UE behavior is to drop previously activated TCI state(s) and only apply the one indicated in Rel-17 TCI state MAC CE. 
Proposal 1: The Rel-17 and Rel-18 TCI framework switch should be supported via MAC CE-based approach i.e. Alt.2, rather than leaving it to RRC re-configuration. 
Proposal 2: If no consensus in RAN1 can be achieved on the alternative to switch between the TCI frameworks, RAN1 should clarify UE behavior when receiving Rel-17 or Rel-18 TCI state activation MAC CE.  
Remaining issue for M-DCI MTRP
PUCCH
In RAN1#112, the following agreement on PUCCH was achieved for further down selection. In RAN1#112bis-e, the RRC configuration approach in Opt2 was supported to determine either the first or second indicated UL/joint TCI state for PUCCH. Even though in legacy release, PUCCH resource/resource group are not explicitly associated with any specific TRP in order to main flexibility.
 Agreement @ RAN1#112
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

Agreement @ RAN1#112bis-e
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


The remaining issue still holds when such RRC configuration is absent. Then the indicated UL/joint TCI states can be selected according to the CORESETPoolIndex from which the corresponding PDCCH is transmitted to trigger PUCCH transmission. 
Proposal 3: For PUCCH resource/resource group of M-DCI MTRP, additionally support Opt.3 to maintain the flexibility of PUCCH when the RRC configuration in Opt2 is absent. 
Remaining issue for S-DCI MTRP
PDSCH
In RAN1#113, the following agreements were achieved to specify rules when the newly introduced field, i.e. TCI selection field, in DCI format 1_1/1_2 is absent or cannot be present. 
Agreement @ RAN1#112bis-
On unified TCI framework extension for S-DCI based MTRP, the presence of the [TCI selection field] can be RRC-configured per DL BWP
· FFS: Whether the presence of the [TCI selection field] can be configured individually for DCI format 1_1 and DCI format 1_2 in the same DL BWP

Agreement @ RAN1#113
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



Secondly, the same issue of RF retuning for beam change as in legacy TCI framework has also been introduced by the [TCI selection field]. Consider the case as depicted in Figure 2, the UE that doesn’t support two default beams in FR2 may need a period of time to prepare its Rx beam for PDSCH reception, since the UE doesn’t know which indicated DL/joint TCI state(s) would be applied before decoding the TCI selection field of scheduling DCI. If the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold, the 1st indicated DL/joint TCI state should by default be used by the UE. Analogously, the period could be as long as the UE capability on DL scheduling gap, i.e. TimeDurationForQCL, with 7/14/28 OFDM symbols to prepare PDSCH reception. We don’t see any other reason to change it from legacy TCI framework to unified TCI framework.

 
Figure 2 [bookmark: _Ref129363646]: TCI selection gap between scheduling DCI and scheduled PDSCH 
Proposal 4:  For S-DCI MTRP PDSCH, reuse the UE capability of TimeDurationForQCL as the threshold between the DCI containing [TCI selection field] and the scheduled PDSCH.
PUSCH
Another timeline issue between last SRS transmission and indicated UL/joint TCI state holds. It already existed in Rel.17 STRP based on UTCI. It is up to NW to update the UL/joint TCI state(s) before actual SRS transmission. In such case, PUSCH antenna port(s) and SRS antenna port(s) can be always with the same Tx beam (i.e. the same indicated UL/joint TCI state(s)). 
One may argue that this implementation may bring additional constraint at NW side. But we would also like to mention that SRS resource set could even be configured not to follow the indicated UL/joint TCI state which should apply to PUSCH. Hence there could always be a way to diverge the UL Tx beam of SRS and PUSCH if NW would like to do so. 
Observation 1: For S-DCI MTRP PUSCH, it is possible to apply the same indicated UL/joint TCI state(s) for PUSCH antenna port(s) and SRS port(s) via implementation.
Default beam issues
In FL summary, a few of default beam issues were identified as essential ones. For instance, for the time duration after RRC configuration applicable until valid indication (including MAC CE or DCI), or for the case when RRC configuration on TCI selection field is absent, the corresponding default beam rule(s) was provided. 
In our view, most of those cases can be well handled by NW implementation. Such as that TCI state indication follows closely the RRC (re-)configuration on TCI state pool, or NW completes the necessary configuration when needed to be presented. 
Given above being said, we could treat all those cases as non-essential default beam issues.
Proposal 5:  For both S-DCI and M-DCI MTRP operation, only treat the essential default beam issue(s) verified by the majority.
UL power control with UL/joint TCI state
Configured maximum output power for STxMP
During RAN1#114, RAN4 sent out the latest progress on panel/TRP-specific PCMAX,f,c,k as below. At the end of the LS, it requires RAN1 to consider the STxMP related conclusion. In our view, for UL power determination and PHR reporting of STxMP, the RAN4 progress on PCMAX,f,c,k should be reflected in the corresponding RAN1 specification, i.e. TS 38.213.
1. Overall Description:
[bookmark: _Hlk143633484][bookmark: _Hlk143633573]RAN4 have performed further analysis since replying to (R1-2205639) ‘LS on UE power limitation for STxMP in FR2’. RAN4 have concluded that the configured transmitted power during STxMP shall be defined per indicated joint/UL TCI state for STxMP, i.e., it will be defined as PCMAXf,c,k where ‘k (k=0,1)’ corresponds to the first and second indicated joint/UL TCI states, respectively.
RAN4 request that RAN1 take this information into consideration for STxMP.

Proposal 6: For STxMP, adopt the RAN4 progress on per-indicated UL/joint TCI state PCMAX,f,c,k for UL power determination and PHR in RAN1 specification. 
But one key issue remains for the power control of STxMP. That is the total output power of per-panel power determination may exceed the per-UE maximum power. For the case when UL beam spatial directions of two panels are partially overlapped, it becomes more complicated than comparing the sum of two per-panel PCMAX,f,c,k with per-UE PCMAX,f,c directly. In our understanding, such issue falls into the scope of RAN4 and we believe RAN4 can address it properly sooner or later. 
Observation 2: The limitation of per-panel/TRP maximum configured output power for STxMP falls into the scope of RAN4. 
Based on the output of RAN4 progress, RAN1 can continue the discussion on whether to apply power back-off mechanisms to maintain the per UE PCMAX,f,c, such as priority based or power scaling based solutions. 
Proposal 7: Depending on RAN4’s progress on power limitation for STxMP, RAN1 can continue the discussion on power back-off mechanisms. 
PHR enhancement for STxMP
In RAN1#114bis, the PHR of two panels with per panel PCMAX,f,c,k was supported. In current specification, to report such PHR, both twoPHRMode and two SRS resource sets should be configured. Format-wise, two PHRs are always contained within a MAC CE triggered by the change of path loss of any PL RS greater than a threshold and prohibit timer expiration. Intuitively, there seems no strong motivation to always report two PHRs when only one channel condition changes greater than a pre-defined threshold. 
If panel-specific PHR triggering condition is satisfied, then UE could only report only one PHR to NW. We understand such condition is to be specified in RAN2 specification, but RAN1 can support such case at the first place and then RAN2 may continue the corresponding work to complete this feature.  
With above being say, we have following proposal 
Proposal 8: For MTRP PHR, support to specify the triggering condition for per panel PHR.
Conclusion
In this section, allow us to repeat our proposals and observations
Proposal 1: The Rel-17 and Rel-18 TCI framework switch should be supported via MAC CE-based approach i.e. Alt.2, rather than leaving it to RRC re-configuration. 
Proposal 2: If no consensus in RAN1 can be achieved on the alternative to switch between TCI frameworks, RAN1 should clarify UE behavior when receiving Rel-17 or Rel-18 TCI state activation MAC CE.  
Proposal 3:  For PUCCH resource/resource group of M-DCI MTRP, additionally support Opt.3 to maintain the flexibility of PUCCH when the RRC configuration in Opt2 is absent. 
Proposal 4: For S-DCI MTRP PDSCH, reuse the UE capability of TimeDurationForQCL as the threshold between the DCI containing [TCI selection field] and the scheduled PDSCH.
Proposal 5: For both S-DCI and M-DCI MTRP operation, only treat the essential default beam issue(s) verified by the majority.
Proposal 6: For STxMP, adopt the RAN4 progress on per-indicated UL/joint TCI state PCMAX,f,c,k for UL power determination and PHR in RAN1 specification. 
Proposal 7: Depending on RAN4’s progress on power limitation for STxMP, RAN1 can continue the discussion on power back-off mechanisms. 
Proposal 8: For MTRP PHR, support to specify the triggering condition for per panel PHR.

Observation 1: For S-DCI MTRP PUSCH, it is possible to apply the same indicated UL/joint TCI state(s) for PUSCH antenna port(s) and SRS port(s) via implementation.
Observation 2: The limitation of per-panel/TRP maximum configured output power for STxMP falls into the scope of RAN4. 
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