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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we provide our views on the remaining open issues of NR MIMO evolution for downlink and uplink. 
Discussion
[bookmark: _Toc5952573]Multi-DCI based multi-TRP operation with two TAs

In previous meetings, RAN4 tried to agree on 2 TA timing requirements. In the first version of the agreements following CR text is agreed and captured in the spec. 

	For multi-DCI based multi-TRP operation with two TAs, UE initial transmission timing error requirements specified in this clause is applicable for each TAG and shall be met for each TAG separetely. The reference point described in this clause for each TAG is the first detected path (in time) of the corresponding downlink reference signal associated with UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331].


Figure 1: First version of the CR agreed

After the first version of the CR was agreed, companies raised concerns saying in the existing timing requirements, reference time do not change with TCI state change, and it is changed as per the gradual timing adjustment rules specified in the section 7 of TS 38.133. In the first version of the CR text, reference time changes with TCI states change. To address this companies proposed second version of the CR change and following second version of the change was agreed. 
	For multi-DCI based multi-TRP operation with two TAs, UE initial transmission timing error requirements specified in this clause is applicable for each TAG and shall be met for each TAG separately. The reference point for each TAG is the first detected path (in time) of [one of] the corresponding downlink reference signal(s) of the cell associated with a coresetPoolIndex having same TAG as the uplink signal [TS 38.331].



Figure 2: Second version of the CR agreed

In next meeting, after the second version of CR was agreed, companies identified following issues. 
· Issue 1: UE needs to track RS associated with the active TCI state list only but not all or any of the RS associated to the configured TCI states.
· Issue 2: The second version of the CR do not apply for all types of signals or channels. For example, periodic PUCCH do not have associated coresetPoolIndex or periodic SRS do not have coresetPoolIndex associated. In other words, current text only applicable to dynamically scheduled transmissions. PRACH transmission do not have coresetPoolIndex associated. 
Further in last meeting RAN1 sent following LS [2] and requested RAN4 to capture the following in RAN4 specification. 
	
For intra-cell multi-DCI based multi-TRP operation with two TA enhancement, support the following for determining the PRACH timing:
Alt 4:
· For PRACH transmission triggered by PDCCH order associated with coresetPoolIndex value 0:
· [bookmark: _Hlk165991227]If “PRACH association indicator” is 0, DL reference timing associated with coresetPoolIndex value 0 is used.
· If “PRACH association indicator” is 1, DL reference timing associated with coresetPoolIndex value 1 is used.
· For PRACH transmission triggered by PDCCH order associated with coresetPoolIndex value 1:
· If “PRACH association indicator” is 0, DL reference timing associated with coresetPoolIndex value 1 is used.
· If “PRACH association indicator” is 1, DL reference timing associated with coresetPoolIndex value 0 is used.






To address issue 1, issue 2 we would like to propose the following change to the CR based on the first version of the CR.

For multi-DCI based multi-TRP operation with two TAs, UE initial transmission timing error requirements specified in this clause is applicable for each TAG and shall be met for each TAG separately. For PUCCH/PUSCH/SRS, the reference point described in this clause for each TAG is the first detected path (in time) of the corresponding downlink reference signal (s) associated with one of the activated UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331] with same TAG.

To address the RAN1 request:
For the PDCCH triggered RACH, general RAN4 assumption is UE uses the SSB timing for the RACH transmission. Since the PDCCH order contains the SSB for indicating the random-access resource, reference point for the RACH transmission is SSB timing. In general, we do not capture this in RAN4 specification as PDCCH order requirements are specified in RAN1. However, since other signals requirements are specified here, we do not see a big issue in capturing this in RAN4 spec (though our first preference is capturing it in RAN1 spec).  

What to capture:

In the new PDCCH order introduced in RAN1, RAN1 introduced a parameter called PRACH association indicator to indicate towards which TRP the RACH is to be sent in the multi-TRP scenario. PRACH association indicator indicates whether the RACH is to be sent towards the same TRP which triggered the RACH or towards the other TRP. 

· If “PRACH association indicator” is 0, RACH is sent towards the same TRP (coresetPoolIndex) which triggered RACH.
· If “PRACH association indicator” is 1, RACH is sent towards the other TRP than the TRP which triggered RACH.

To put it in simple words, summary of RAN1 LS says that for sending the RACH towards a particular TRP, UE shall use the timing associated to that TRP. In other words, UE shall use the timing associated with the SSB indicated in the PDCCH order RACH as a reference timing for the UL transmit timing towards PDCCH ordered RACH. We suggest capturing the same in timing requirements.   


Proposal 1: RAN4 to adapt the following as text for reference point in timing requirements
a. For multi-DCI based multi-TRP operation with two TAs, UE initial transmission timing error requirements specified in this clause is applicable for each TAG and shall be met for each TAG separately. For PUCCH/PUSCH/SRS, the reference point described in this clause for each TAG is the first detected path (in time) of the corresponding downlink reference signal (s) associated with one of the activated UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331] with same TAG. For the PDCCH order-based RACH, the reference point described in this clause is the first detected path of the SSB associated with PDCCH order.

Unified TCI framework 

In previous meetings, during the core part of the WI, RAN4 agreed on the unified TCI state switch requirements for multiple scenarios covering sDCI, mDCI. However, there were few open issues concerning UL TCI state switching for UE supporting two TA. The WF of the last meeting discussion can be found in [2].

Issue 1: UL TCI state switching for eUTCI when UE support RTD<CP and RTD>CP in FR1: 

In the timing discussion for 2 TA, after the first version of the CR was agreed, companies raised concerns saying in the existing timing requirements, reference time do not change with TCI state change, and it is changed as per the gradual timing adjustment rules specified in the section 7 of TS 38.133. In the first version of the CR text, reference time changes with TCI states change. 
Based on the above analysis by companies in previous meetings, we think there is no need for additional time for UL TCI state switch is needed for T/F tracking as cell DL reference time for UL do not change with TCI state switch.
Proposal 2: No additional DL RS tracking time for UL TCI state switching. 


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 adapt the following as text for reference point in timing requirements
a. For multi-DCI based multi-TRP operation with two TAs, UE initial transmission timing error requirements specified in this clause is applicable for each TAG and shall be met for each TAG separately. For PUCCH/PUSCH/SRS, the reference point described in this clause for each TAG is the first detected path (in time) of the corresponding downlink reference signal (s) associated with one of the activated UL-TCIState or DLorJointTCIState (if unifiedTCI-StateType is indicated as Joint) [TS 38.331] with same TAG. For the PDCCH order-based RACH, the reference point described in this clause is the first detected path of the SSB associated with PDCCH order.

Proposal 2: No additional DL RS tracking time is needed for UL TCI state switching. 
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