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In previous meeting RAN4 agreed on the following WF. 

Further study and if needed specify extension of unified TCI framework RRM requirements to M-TRP

In this contribution, we provide our views on the unified TCI state switch requirements for M-TRP. 
Discussion
[bookmark: _Toc5952573]Unified TCI state switching framework was introduced in Rel-17. Unified TCI state framework was to indicate a common beam (represented by a unified TCI state) among multiple channels or signals. In Rel-17, unified TCI state switching framework was introduced for single TRP framework and it was not applicable for multiple TRPs. In Rel-18, MIMO evolution WI was supposed to extend the unified TCI framework to mTRP, where one joint DL/UL TCI state or a separate DL and a UL TCI state can be indicated for each TRP.
As part of rel-18 unified TCI state framework for multi-TRP, RAN1 was discussing two schemes namely, single DCI (sDCI) based multi-TRP scheme and multi-DCI based multi-TRP scheme. Further RAN1 agreed to consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17.
RAN1 further agreed to support MAC CE based and DCI based TCI state switching in Rel-18 unified state switch extension.
Proposal 1:  RAN4 to consider both intra-cell and inter-cell multi-TRP for defining the RRM requirements 
In last meeting there was discussion on whether to consider simultaneous reception from the two panel. We think RAN4 should consider simultaneous reception if UE supports this capability. In Rel-18 multi-RX WI, we were not supportive of inter-cell scenario because MRTD supported by UE is less than CP and, in this WI, UE can optionally support MRTD greater than CP. Hence, in this WI inter-cell multi-TRP with simultaneous reception should be considered. If companies have concerns on not supporting inter-cell mTRP requirements in multi-rx WI, RAN4 should define relevant requirements in this WI to support inter-cell simultaneous reception. 
Proposal 2:  RAN4 to agree on considering simultaneous reception with different QCL type-D in this WI.
Proposal 3:  RAN4 to define relevant requirements to support inter-cell mTRP simultaneous reception in MIMO evolution WI.
In the subsequent sections we discuss single and multiple DCI based TCI state switching. 
Single DCI based TCI state switching

Our understanding of the single DCI scheme is provided below. 
Single DCI scheme:
· A single MAC CE activates TCI states for both TRPs
· Either two joint TCI states, one for each TRP, are activated for a TCI codepoint, or
· Two pairs of separate DL and UL TCI states, one pair for each TRP, are activated for a TCI codepoint
· TBD maximum number of TCI codepoints
· A single TCI field in DL DCI indicates TCI states for both TRPs

In Rel-18, for single DCI scheme, RRC configures the single list of TCI states which may consist of TCI states from both the TRP and one active TCI state list provided for UE through MAC CE to further facilitate the dynamic activation of TCI states using DCI command. Using single DCI based switching scheme, TCI state may indicate 
· Single TCI state switch
· Two TCI state switch
To flexibly indicate single TRP’s TCI state switch and two TRPs TCI state switch, one TCI codepoint may indicate 
· 2 joint TCI states 
· DL and 2 UL TCI states
· One joint DCI state
· One DL and one UL TCI state
When a single DCI or single MAC CE indicate single TRP TCI state switch, we think legacy unified TCI state switching requirements can be reused. Further TCI state switch depends on whether TCI state is known or not. 
Proposal 4:  RAN4 to define TCI state switching delay for known and unknown TCI states
Proposal 5:  RAN4 to reuse the legacy unified TCI state switching requirements when the single DCI or MAC CE indicates only switching of one of the TCI states from one TRP.
When a single DCI or single MAC CE indicate two TRP TCI state switch, how the UE perform the switch may depend on UE capability of receiving two beams simultaneously from two panel or only one beam at a time.  If the UE is capable of receiving only one beam at a time, TCI state switch is performed in the sequential order.
Proposal 6:  When a UE is capable of receiving from a single beam at a time, UE performs dual TCI state switch in sequential order for DCI based and MAC CE based TCI state switching.
When UE is capable of simultaneous reception from two beams, we discuss the requirements in subsequent sections.
 DCI based TCI state switching requirements

In last RAN1 meeting, following is agreed. Based on the following agreement we can understand that a 2-bit field is introduced to indicate which of the TCI state UE need to apply for reception of the PDSCH. That means, this field can be used for which TCI state is expected to receive data.  
	On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception 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
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value




Based on the TCI code point indicated, UE can determine whether UE is asked to switch single or two TCI states. When UE is asked to switch single TCI state, legacy TCI state switch requirements can be reused.
Proposal 7:  For sDCI based mTRP, when only one single TCI state is switched, legacy TCI state switching requirements can be reused. 
In legacy unified TCI state switching, when UE receive TCI state switch command at time t1, UE initiates TCI state switch after sending ACK/NACK to gNB at t1+n and completes TCI state switch at t1+n+ BeamAppTime-r17. In Rel-18 unified TCI state extension to sDCI based mTRP scenario too, though UE is switching two TCI states, since TCI states are known and are from the active TCI state list, same delay as the legacy can be reused.
Proposal 8:  For sDCI based mTRP, when two TCI states are switched, legacy TCI state switching requirements can be reused.

MAC CE based TCI state switching 

Due to limited number of TCI code points in the active TCI state list and due to the total number of TCI states in m-TRP, we think MAC CE based sDCI indication may be the most practical form of TCI state switching method. Since the TCI states not need to be from the active TCI state list, MAC CE based TCI state switching can be defined for both known and unknown TCI states. 
Known TCI state:

Similar to legacy TCI state switching delay, MAC CE based TCI state switching delay consists of MAC CE processing delay and fine time acquisition delay. 
Proposal 9:  MAC CE based known TCI state switch delay is MAC CE processing delay and fine timing acquisition delay.
If the UE is capable of receiving simultaneously from two beams, UE can acquire fine timing in parallel if the RS are transmitted at the same time. Whether RS can be transmitted simultaneously or not depends on whether it is an intra-cell scenario or inter-cell scenario. For intra-cell case UE need to acquire the fine timing in sequence. For inter-cell case UE can acquire fine timing simultaneously.
Proposal 10:  For UE capable of simultaneous reception, UE need to acquire fine time tracking simultaneously for inter-cell mTRP
Proposal 11:  For UE capable of simultaneous reception, UE to acquire fine time tracking in sequential order for intra-cell mTRP
If the UE is not capable of simultaneous reception, then UE need to do fine timing in sequence for both intra-cell and inter-cell scenarios. 
Proposal 12:  For UE not capable of simultaneous reception, UE to acquire fine time tracking in sequential order for intra-cell mTRP and inter-cell mTRP.
Unknown TCI state:
Similar to legacy unknown TCI state switching delay, MAC CE based TCI state switching delay consists of MAC CE processing delay, L1-RSRP computation delay and fine time acquisition delay.
If UE can receive simultaneously on two beams, UE can measure L1-RSRP simultaneously and also acquire fine timing in parallel if NW transmits RS at the same time. If SSB is used as RS for L1-RSRP and fine timing acquisition, for intra-cell case UE need to acquire the fine timing in sequence. However, for inter-cell case UE can measure L1-RSRP and acquire fine timing simultaneously.
Proposal 13:  For UE capable of simultaneous reception, UE to measure L1-RSRP and acquire fine time tracking simultaneously for inter-cell mTRP.
Proposal 14:  For UE capable of simultaneous reception, UE to measure L1-RSRP and acquire fine time tracking in sequential order for intra-cell mTRP.
If the UE is not capable of simultaneous reception, then UE need to measure L1-RSRP and perform fine timing in sequence. 
Proposal 15:  For UE not capable of simultaneous reception, UE to measure and acquire fine time tracking in sequential order for intra-cell mTRP and inter-cell mTRP.
Multi-DCI based TCI state switching

Multi-DCI scheme:
· Separate MAC CEs is used to activate TCI states for different TRPs 
· A coreset pool index is included in each MAC CE
· Separate DCIs are used to indicates TCI states for different TRPs
· A DCI sent/received in a CORESET with a coreset pool index indicates TCI state(s) for the TRP associated with the coreset pool index
· The legacy TCI field in DCI is used for the purpose
In multi-DCI schemes, NW indicate two DCI/MAC CE for changing the TCI states of each TRP. For multi-DCI framework RAN1 agreed to support two active TCI state list, one for each TRP. With one active TCI state list and separate DCI to indicate the TCI states, we think each TRP’s TCI state switch can be independent. Since they are independent the requirements for each TRP’s TCI state switching can reuse the legacy requirements.
Proposal 16:  For mDCI based mTRP, each TRP’s TCI state switching is independent.  The requirements for switching each TRP’s TCI state can reuse Rel-17 unified TCI state switching requirements as baseline.
 
Summary and Conclusion
In this contribution we have analysed extension of unified TCI framework RRM requirements to M-TRP and made following proposals. 

Proposal 1:  RAN4 to consider both intra-cell and inter-cell multi-TRP for defining the RRM requirements. 
Proposal 2:  RAN4 to agree on considering simultaneous reception with different QCL type-D in this WI.
Proposal 3:  RAN4 to define relevant requirements to support inter-cell mTRP simultaneous reception in MIMO evolution WI. 
Proposal 4:  RAN4 to define TCI state switching delay for known and unknown TCI states
Proposal 5:  RAN4 to reuse the legacy unified TCI state switching requirements when the single DCI or MAC CE indicates only switching of one of the TCI states from one TRP.
Proposal 6:  When a UE is capable of receiving from a single beam at a time, UE performs dual TCI state switch in sequential order for DCI based and MAC CE based TCI state switching.
Proposal 7:  For sDCI based mTRP, when only one single TCI state is switched, legacy TCI state switching requirements can be reused.
Proposal 8:  For sDCI based mTRP, when two TCI states are switched, legacy TCI state switching requirements can be reused.
Proposal 9:  MAC CE based known TCI state switch delay is MAC CE processing delay and fine timing acquisition delay.
Proposal 10:  For UE capable of simultaneous reception, UE need to acquire fine time tracking simultaneously for inter-cell mTRP
Proposal 11:  For UE capable of simultaneous reception, UE to acquire fine time tracking in sequential order for intra-cell mTRP
Proposal 12:  For UE not capable of simultaneous reception, UE to acquire fine time tracking in sequential order for intra-cell mTRP and inter-cell mTRP.
Proposal 13:  For UE capable of simultaneous reception, UE to measure L1-RSRP and acquire fine time tracking simultaneously for inter-cell mTRP.
Proposal 14:  For UE capable of simultaneous reception, UE to measure L1-RSRP and acquire fine time tracking in sequential order for intra-cell mTRP.
Proposal 15:  For UE not capable of simultaneous reception, UE to measure and acquire fine time tracking in sequential order for intra-cell mTRP and inter-cell mTRP.
Proposal 16:  For mDCI based mTRP, each TRP’s TCI state switching is independent.  The requirements for switching each TRP’s TCI state can reuse Rel-17 unified TCI state switching requirements as baseline.
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