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Introduction
[bookmark: _Hlk47732020]In Rel-17 NR, unified TCI framework was introduced to unify beam indication for downlink and uplink using joint DL/UL TCI states for cases when downlink and uplink use the same beam and with separate DL/UL TCI for the case when beam correspondence is not assumed with different beams for downlink and uplink. The unified TCI framework assumes a common beam operation in DL and UL where the same beam is used across all DL/UL signals and channels unless specific RS and channels are configured not to apply the indicated TCI state. In Rel-17, the framework was specified only for single TRP case with M=1 downlink QCL and N=1 uplink spatial filter being indicated by each TCI codepoint i.e., MAC-CE maps a single joint TCI state or a single DL and/or a single UL TCI state to a TCI codepoint. In Rel-18 unified TCI framework was extended to multi-TRP transmission schemes. However, not all details for the extension were finalized and some open issues remain. In this paper, we discuss views on the remaining issues for extension of unified TCI framework to Rel-16 and Rel-17 multi-TRP operation. We also provide some text proposals for capturing current agreements into the specification.  
Issue 2 – TCI State Update and Activation
Single-DCI Multi-TRP
Switching between single-TRP and multi-TRP
The following agreement was made for TCI state update of S-DCI in RAN1#112bis-e:
	Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI mode, a full-set or any sub-set of {first joint TCI state, second joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· TCI state activation command (MAC-CE) should indicate that each joint/DL/UL TCI state mapped to a TCI codepoint is the first or second joint/DL/UL TCI state (detail on how to indicate above is up to RAN2 design)
· The first/second indicated joint/DL/UL TCI state(s) is updated according to the corresponding first/second joint/DL/UL TCI state(s) mapped to the TCI codepoint received by the UE
· If the UE receives a TCI codepoint mapped with a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}, the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint


The above agreement necessitates that for S-DCI multi-TRP, a UE is expected to maintain “two” indicated joint/DL/UL TCI states and the number of TCI states mapped to the TCI codepoint and hence the number of TCI states that is indicated to a UE via the DCI indication is not a basis for switching between sTRP and mTRP operation which is further clarified by the following conclusion.
	Conclusion
On unified TCI framework extension for S-DCI based MTRP operation, there is no consensus to support dynamic switching between single-TRP operation and multi-TRP operation for channels/signals based on the number of TCI states mapped to the received TCI codepoint in DCI format 1_1/1_2
FFS: How to switch between Rel-17 sTRP operation and Rel-18 mTRP operation


To address the FFS point in the conclusion, there needs to be a mechanism to switch between sTRP and mTRP. However, it is not clear what Rel-17 sTRP means. In our understanding, a simple rule can be used to determine whether the UE is expected to operate in sTRP-only mode or perform (dynamic) switching between sTRP and S-DCI mTRP. The contentious point is whether a so-called Rel-18 TCI activation MAC-CE can activate all TCI codepoints with a single joint/DL/UL/DL+UL TCI state as in legacy operation. Based on the above agreement, it is possible that the Rel-18 TCI activation MAC-CE maps only one TCI state to each code-point but the TCI states are a mix of the first or second indicated TCI and the UE is expected to operate in sTRP and S-DCI mTRP dynamic switching mode. 
In our view, if ALL TCI codepoints in a MAC-CE indication are mapped to a single TCI state and all the mapped TCI states are either the first indicated TCI or the 2nd indicated TCI, then the UE may assume sTRP operation. Additionally, if at least one TCI codepoint is mapped to more than one TCI state or in case of all codepoints mapped to single TCI state, if there is a mix of 1st and 2nd indicated TCI states, UE can assume Rel-18 mTRP/sTRP switching. 
This this end, the following two alternatives were discussed: 
	Proposal 1.1.A (Alt1)
When a UE is configured with dl-OrJointTCI-StateList or TCI-UL-State:
· A CC/BWP is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if an Rel-18 TCI state activation command (MAC-CE) in which 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 an Rel-18 TCI state activation command (MAC-CE) in which 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 an Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP

Proposal 1.1.B (Alt2)
When a UE is configured with dl-OrJointTCI-StateList or TCI-UL-State:
· A CC/BWP is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if an Rel-18 TCI state activation command (MAC-CE) for S-DCI based MTRP is received and applied to the CC/BWP
· A CC/BWP is operated in Rel-17 unified TCI framework if an Rel-17 TCI state activation command (MAC-CE) is received and applied to the CC/BWP



From our perspective based on proposal 1, Alt-1 should suffice, and we should not tie the mode of UE operation to a particular type of MAC-CE reception which is a somewhat strange method to switch between sTRP-only vs mTRP/sTRP switching mode. 
Proposal 1: Support to specify a condition to clarify switching between STRP only operation and sTRP and S-DCI mTRP dymamic switching. Support Proposal 1.1.A
If companies cannot support either proposal, then an alternative may be to introduce an RRC configuration to switch between sTRP only and sTRP/mTRP dynamic switching operation in Rel-18. However, in our view not to specify anything should not be the default outcome since the switch to sTRP-only operation in Rel-18 is unclear in that case.  


Issue 3 – TCI State Association with Target Channels/Signals
Text Proposal for TS 38.214 on Unified TCI extension to multi-TRP operation for DM-RS reception
Reason for change
The specification does not reflect the changes due to extension of unified TCI framework to the case of multi-TRP operation for UE DM-RS reception procedure.
Text Proposal for TR 38.214 Section 5.1 and 5.1.6.2
	
[bookmark: _Toc11352079][bookmark: _Toc20317969][bookmark: _Toc27299867][bookmark: _Toc29673132][bookmark: _Toc29673273][bookmark: _Toc29674266][bookmark: _Toc36645496][bookmark: _Toc45810541][bookmark: _Toc130409740]5	Physical downlink shared channel related procedures
[bookmark: _Toc130409741]5.1	UE procedure for receiving the physical downlink shared channel
<Unchanged text omitted>

5.1.6.2	DM-RS reception procedure
<Unchanged text omitted>
For DM-RS configuration enhanced type 1, 
· if a UE is configured with the higher layer parameter repetitionScheme set to 'fdmSchemeA' or ‘fdmSchemeB’, and is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' for the UE not configured with dl-OrJointTCI-StateList or configured with dl-OrJointTCI-StateList and having two indicated TCI States to be applied to PDSCH, and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)',
· if a UE is not indicating UE capability of [noSchedulingRestrictionForFDMSchemes-r18], the UE shall assume that the number of consecutively scheduled PRBs for PDSCH for each TCI-state is even, and the offset of each set of consecutively scheduled PRB from common resource block 0 for PDSCH for each TCI-state is even number.
· otherwise,
· if the UE is not indicating UE capability of [noSchedulingRestriction-r18], the UE shall assume the number of consecutively scheduled PRBs for PDSCH is even, and the offset of each set of consecutively scheduled PRB for PDSCH from common resource block 0 is even number.
<Unchanged text omitted>
If at least one TCI codepoint indicates two TCI states for the UE not configured with dl-OrJointTCI-StateList or configured with dl-OrJointTCI-StateList and having two indicated TCI States to be applied to PDSCH, and the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that at least one DM-RS port for the PDSCH and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable.
<Unchanged text omitted>


Proposal 2: Accept the text proposal on mTRP operation related to UE DM-RS reception for TS 38.214 Section 5.1.6.2 to accurately reflect Rel-18 operation.

Single-DCI Multi-TRP
Default beam assumption for two indicated TCI states
Assuming a mode of operation guided by Proposal 1, for the case when UE is activated with at least one TCI codepoint mapped to more than one TCI state, we need to clarify the default beam assumption for what is considered by the UE to be the first set of “two indicated” TCI states. This clarification is needed since the agreement above is made under the assumption that the UE already has two indicated TCI states. The following two alternatives were previously discussed:
· Alt-A: UE always expects the first beam indication DCI to indicate a codepoint mapped to two joint/DL/UL TCI states which it then maintains as the two indicated TCI states
· Alt-B: A fixed rule is defined i.e., the lowest indexed codepoint mapped to two joint/DL/UL TCI states becomes the indicated TCI states and the UE maintains these till further beam indication.

Mandating the gNB to always indicate a TCI codepoint mapped to two TCI states as the first beam indication should not be required. Rather a default beam behaviour is a simpler method to ensure that by default, the UE always assumes two default indicated TCI states and then beam indication and update based on the agreement can ensure that the UE updates either one or both of the indicated TCI states based on the number of TCI states mapped to the codepoint. Therefore, we prefer Alt-B.

Proposal 3: [bookmark: _Hlk146812526]For the first set of two indicated TCI states after TCI activation MAC-CE is received and applied, a fixed rule is defined i.e., the lowest indexed codepoint mapped to two joint/DL/UL TCI states becomes the indicated TCI states and the UE maintains these till further beam indication.

Issue 5 – UL Power Control 
In the last meeting the following agreement was made on PHR reporting. 

	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:
1. If the UE determines that only one Type 1 PHR is based on an actual PUSCH transmission
0. If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for a reference PUSCH transmission 
0. If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission
1. If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission, and the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for another reference PUSCH transmission
1. FFS: Whether the configured max output power reported in above cases is per UE or per panel or both



The point needs to be addressed to complete this feature. The options discussed for reporting the configured max output power associated with a reference PUSCH were – per panel, per UE and both per-panel and per-UE. From our perspective the configured max output power reporting should be per panel. However, given the LS response from RAN4 where the configured max output power is defined per indicated joint/UL TCI state, we think this should be used as the basis for determining the max output power to be reported. For example, the reference PUSCH is associated with the 1st or 2nd TCI state can derive the max output power from the associated TCI state and in this case this should correspond to a per-panel max output power. 

Proposal 4: Configured max output power reported for a reference PUSCH should be based on the joint/UL TCI state associated with the reference PUSCH and should correspond to a per-panel max output power.
Conclusion
In this paper, unified TCI extension to multi-TRP operation and simultaneous multi-panel UL transmission was discussed. The main proposals from this paper are outlined here:
Proposal 1: Support to specify a condition to clarify switching between STRP only operation and sTRP and S-DCI mTRP dymamic switching. Support Proposal 1.1.A.
Proposal 2: Accept the text proposal on mTRP operation related to UE DM-RS reception for TS 38.214 Section 5.1.6.2 to accurately reflect Rel-18 operation.

Proposal 3: For the first set of two indicated TCI states after TCI activation MAC-CE is received and applied, a fixed rule is defined i.e., the lowest indexed codepoint mapped to two joint/DL/UL TCI states becomes the indicated TCI states and the UE maintains these till further beam indication. 

Proposal 4: Configured max output power reported for a reference PUSCH should be based on the joint/UL TCI state associated with the reference PUSCH and should correspond to a per-panel max output power.
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