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1. Introduction 
In RAN4#110bis RRM impacts for R18 MIMO evolution were discussed and way forward [1] was agreed.  In this contribution we present our views on RRM requirements maintenance for MIMO evolution for 2TA and unified TCI framework with mTRP.   
2. Discussion
2 TA with multi-DCI multi-TRP
For UL timing reference with 2TA in multi-DCI multi-TRP the following agreements were made in RAN4#110 [2]:
	Issue 1-1-2: Clarification of association of UL TCI states and DL RS
< Agreement>: 
· [One of] downlink reference signal(s) associated with the same coresetPoolIndex as uplink signal




The following is the reference point definition in TS 38.133:
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In the current wording the downlink reference signals associated with a coresetPoolIndex is not clearly defined. The downlink reference signal associated with a coresetPoolIndex could be anything in the RRC configured TCI state list- which is up to 64 or 128 DL RS. 

Observation #1:  The downlink reference signals associated with a coresetPoolIndex is very ambiguous.
Observation #2:  The downlink reference signals associated with a coresetPoolIndex in the RRC configured TCI state list could be up to 64 or 128 downlink RS.
The UE is not expected to maintain timing for all the DL reference signals in the RRC configured TCI list.
Observation #3:  UE is not expected to maintain timing for all DL reference signals in the RRC configured TCI state list.
The downlink timing reference should be a signal the UE has received and/or measured. With unified TCI state framework the UE is expected to maintain the timing for all TCI states in the active DL or joint TCI state list. The separate UL TCI state is only for UL beam indication and cannot be a reference for timing. The reference timing could be the first detected path among the reference signals in the active DL or Joint TCI state list. Also, the active TCI list is also associated with coresetPoolIndex. The reference timing could also be derived from any RS QCLed with Type A or C to the downlink RS in active DL or joint TCI state list associated with coresetPoolIndex. 
Observation #4:  UE is expected to maintain timing for all active DL and joint TCI states
Observation #5:  The active TCI state list is associated with a coresetPoolIndex
Observation #6:  The downlink timing reference could be any RS in the active DL or Joint TCI state list.
Observation #7:  The downlink timing reference could be RS QCLed to any RS in the active DL or Joint TCI state list. 
From the above observations we have several options on how to define the downlink timing reference for the uplink signal for each TAG associated with different coresetPoolIndex. Of the options, it would be most practical to define the downlink timing reference as the first detected path among the downlink RS in the active DL or Joint TCI state list or QCLed to the downlink RS in the active DL or Joint TCI state list associated with the coresetPoolIndex.
Proposal #1:  The downlink timing reference for the uplink signal is the first detected path among the downlink reference signals in the active DL or joint TCI state or QCLed to the downlink reference signals in the active TCI state associated with the coresetPoolIndex. 
In legacy we have a reference cell based on which the UL timing is derived. The reference cell is defined for cells in pTAG and sTAG. 
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If the reference cell is configured with multi-DCI multi-TRP transmission, then we can use the same reference cell definition as legacy. But the reference cell need not always be configured with multi-DCI multi-TRP transmission. 
Observation #8:  If the reference cell for timing (as defined in legacy) is also configured with multi-DCI multi-TRP transmission, the same definition can be used. 
Observation #9:  The reference cell for timing (as defined in legacy) need not always be configured with multi-DCI multi-TRP transmission. 

For serving cells in pTAG the reference cell is SpCell if configured with multi-DCI multi-TRP transmission. For the case when SpCell is not configured with multi-DCI multi-TRP transmission as shown in the figure below there are multiple options to be considered.
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In case SpCell is not configured with multi-DCI multi-TRP transmission, we have the following options:
1. SpCell is the reference cell for coresetPoolIndex0; Any activated SCell with mDCI is reference cell for coresetPoolIndex1
2. SpCell is the reference cell for coresetPoolIndex0; Cell with different PCI in case no activated SCell with mDCI is reference cell for coresetPoolIndex1
3.  Any activated SCell configured with mDCI is reference cell 
With option 3 above the legacy single TRP timing reference would be different from multi-TRP in CA and UE cannot have different timing reference for single TRP and multi-TRP in CA operation. Hence, we propose to use the SpCell for coresetPoolIndex0 and activated SCell with mDCI for coresetPoolIndex1 as the timing reference. 
Proposal #2:  For case when reference cell is configured with multi-DCI transmission scheme, the same reference cell as legacy is the reference cell for both TRPs. 
Proposal #3:  For case when the reference cell is not configured with multi-DCI for cells in pTAG, for coresetPoolIndex0 reference is SpCell; The reference cell for coresetPoolIndex1 is any activated SCell with multi-DCI, or cell with different PCI in case of no activated SCell with multi-DCI. 
Proposal #4:  For cells in sTAG the reference cell is any activated SCell configured with intra-cell multi-DCI transmission, or any activated SCell configured with inter-cell multi-DCI if no activated SCell with  intra-cell multi-DCI transmission.

Also, the timing requirements are applicable to all uplink signals including PRACH. For 2 TA with multi-DCI multi-TRP transmission, the timing requirements can only be applicable to signals with TCI state and coresetPoolIndex association– i.e., SRS, PUSCH, PUCCH. In addition it can also apply to PDCCH ordered PRACH transmission.
. 
Proposal #5:  The timing requirements with 2 TA for multi-DCI multi-TRP are applicable to PUSCH, PUCCH, SRS and PDCCH ordered PRACH.
RAN1 has made agreement on the PRACH timing for intra-cell multi-DCI based Multi-TRP operation with two TA enhancement and sent LS to RAN4 [2]:
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RAN1 has requested RAN4 to capture the above agreement in RAN4 specification.
We suggest the following wording:
The downlink timing reference for PRACH transmission triggered by PDCCH order in intra-cell multi-DCI multi-TRP operation is the same as the downlink timing reference of the uplink signals associated with the same coresetPoolIndex as the PDCCH order if PRACH association indicator is 0, and that of the other coresetPoolIndex if  PRACH association indicator is 1. 
Proposal #6:  The downlink timing reference for PRACH transmission triggered by PDCCH order in intra-cell multi-DCI multi-TRP operation is the same as the downlink timing reference of the uplink signals associated with the same coresetPoolIndex as the PDCCH order if PRACH association indicator is 0, and that of the other coresetPoolIndex if  PRACH association indicator is 1. 



Multi-DCI based mTRP
For multi-DCI multi-TRP TCI state switch, we need to consider the case when SSBs are adjacent or overlapping in FR2. The SSBs can be overlapping in inter-cell case, and adjacent in both intra-cell and inter-cell mTRP scenarios. In [1] the following way forward was discussed:
Issue 1-2-2: For mDCI mTRP, OL definition?
< Way forward >
· if the first SSB which after decoding the MAC-CE overlaps or adjacent to the first SSB which after decoding another MAC-CE from other TRP in FR2 and SSB periodicity is equal to that of other TRP 
· If the MAC CE arrived first, OL=0; Otherwise OL=1
· If the first SSB which after decoding the MAC-CE overlaps or adjacent to the first SSB which after decoding another MAC-CE from other TRP in FR2 and SSB periodicity is less than that of other TRP, OL=1
· Otherwise, OL=0
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The PDSCH carrying MAC CE arrival time is known at UE. We shouldn’t define conditions based on when commands are received at the UE. Also, depending on UE processing the MAC-CE from TRP1 which arrived earlier might have been decoder after that from TRP2. Since RAN4 defines minimum requirements, it would be okay to define requirement with extra SSB period delay for both TRPs if the periodicity is the same and SSBs are overlapping or adjacent. 
Observation #10:  The reception or PDSCH carrying MAC CE or MAC CE decoding is only known at the UE
Observation #11:  RAN4 defines minimum requirements and extra delay on both TRPs is fine. 

Since we define requirements per TRP, for multi-DCI case we need to add extra delay of 1 SSB period in case of adjacent or overlapping SSBs in FR2 for all same or smaller SSB periodicity than the other TRP. 
For all the cases, the following applies:
· OL=1 if SSB overlaps or adjacent to SSB from other TRP in FR2 and SSB periodicity is less than that of other TRP, 0 otherwise
Proposal #7:  For multi-DCI multi-TRP DL TCI state switch, OL=1 if SSB overlaps or adjacent to SSB from other TRP in FR2 and SSB periodicity is equal to or less than that of other TRP, 0 otherwise.
Another possibility is defining extra delay in case of lower or higher coresetPoolIndex in case extra delay for both TRPs is not agreeable. 
Proposal #8:  In case extra delay of 1 SSB period for adjacent or overlapping SSBs on both TRPs is not agreeable, open to consider coresetPoolIndex based extra delay.


For UL TCI state switch for multi-DCI for UE supporting 2TA, the following options were discussed in [1]:

Issue 1-2-3: For mDCI mTRP, how to specify UL TCI state switching requirements for eUTCI if UE supporting two TAs (RTD<CP and RTD>CP)?
< Way forward >	
· Option 1
· Known case: THARQ +  + TOk-ref (Tfirst-SSB-DLRef + OL*T SSB-DLRef + 2ms)+NM*( Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms)
· Unknown case: THARQ +  + TL1-RSRP + TOuk-ref (Tfirst-SSB-DLRef + OL*T SSB-DLRef + 2ms)+ Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms
· TOk-ref = 1 if there is no active DL TCI-State for DL timing reference associated with the same coresetPoolIndex
· Option 2
· No additional DL RS tracking time for UL TCI state switching-
To support 2TA the UE is needs two reference DL timing RS based on which the UE will derive the UL timing which is based on the associated coresetPoolIndex of joint/UL TCI state. 
Observation #12:  For 2TA case UE has 2 TAG and 2 DL reference timing associated with each TAG.
The UL or Joint TCI state is primarily for the UL beam, hence the requirements in R17 for UL TCI state doesn’t consider time for TO/FO tracking in UL TCI state switch. The TCI state(s) for each coresetPoolIndex are associated with a TAG. The UL transmission time is determined by the DL reference timing RS and the UE needs to track the timing on it prior to UL transmission. For UL and joint TCI state switch, the DL reference RS should be in the active DL TCI state list. For joint TCI state, the UE would track the timing since it’s also needed for DL reception. For separate UL TCI state, the UE needs additional time for reference time tracking if there is no reference timing. 
Observation #13:  The TCI states(s) for each coresetPoolIndex are associated with a TAG. 
Observation #14:  The UE needs use the DL reference timing for associated with corresponding coresetPoolIndex for UL timing.
Observation #15:  The DL reference timing RS should be in the activeDL or point TCI state list.
Observation #16:  For joint TCI state, the UE would track timing since its needed for DL reception and is already considered in the DL switching requirements.
Observation #17:  For separate UL TCI state switch additional time is needed – if the there is no refernce timing associated with the coresetPoolIndex. 

Proposal #9:  For multi-DCI multi-TRP with 2TA for separate UL TCI state switch, additional time for DL timing reference tracking should be added in case no timing reference associated with the same coresetPoolIndex. 

3. Conclusion
In this paper, we provide our views on open issues on RRM requirements for mTRP extension to unified TCI framework. Our observations and proposals are captured below:
2TA with multi-DCI  multi-TRP
Observation #1:  The downlink reference signals associated with a coresetPoolIndex is very ambiguous.
Observation #2:  The downlink reference signals associated with a coresetPoolIndex in the RRC configured TCI state list could be up to 64 or 128 downlink RS.
The UE is not expected to maintain timing for all the DL reference signals in the RRC configured TCI list.
Observation #3:  UE is not expected to maintain timing for all DL reference signals in the RRC configured TCI state list.
Observation #4:  UE is expected to maintain timing for all active DL and joint TCI states
Observation #5:  The active TCI state list is associated with a coresetPoolIndex
Observation #6:  The downlink timing reference could be any RS in the active DL or Joint TCI state list.
Observation #7:  The downlink timing reference could be RS QCLed to any RS in the active DL or Joint TCI state list. 
Proposal #1:  The downlink timing reference for the uplink signal is the first detected path among the downlink reference signals in the active DL or joint TCI state or QCLed to the downlink reference signals in the active TCI state associated with the coresetPoolIndex. 
Observation #8:  If the reference cell for timing (as defined in legacy) is also configured with multi-DCI multi-TRP transmission, the same definition can be used. 
Observation #9:  The reference cell for timing (as defined in legacy) need not always be configured with multi-DCI multi-TRP transmission. 
Proposal #2:  For case when reference cell is configured with multi-DCI transmission scheme, the same reference cell as legacy is the reference cell for both TRPs. 
Proposal #3:  For case when the reference cell is not configured with multi-DCI for cells in pTAG, for coresetPoolIndex0 reference is SpCell; The reference cell for coresetPoolIndex1 is any activated SCell with multi-DCI, or cell with different PCI in case of no activated SCell with multi-DCI. 
Proposal #4:  For cells in sTAG the reference cell is any activated SCell configured with intra-cell multi-DCI transmission, or any activated SCell configured with inter-cell multi-DCI if no activated SCell with  intra-cell multi-DCI transmission.
Proposal #5:  The timing requirements with 2 TA for multi-DCI multi-TRP are applicable to PUSCH, PUCCH, SRS and PDCCH ordered PRACH.
The downlink timing reference for PRACH transmission triggered by PDCCH order in intra-cell multi-DCI multi-TRP operation is the same as the downlink timing reference of the uplink signals associated with the same coresetPoolIndex as the PDCCH order if PRACH association indicator is 0, and that of the other coresetPoolIndex if PRACH association indicator is 1. 

Multi-DCI mTRP
Observation #10:  The reception or PDSCH carrying MAC CE or MAC CE decoding is only known at the UE
Observation #11:  RAN4 defines minimum requirements and extra delay on both TRPs is fine. 
Proposal #6:  For multi-DCI multi-TRP DL TCI state switch, OL=1 if SSB overlaps or adjacent to SSB from other TRP in FR2 and SSB periodicity is equal to or less than that of other TRP, 0 otherwise.
Proposal #7:  In case extra delay of 1 SSB period for adjacent or overlapping SSBs on both TRPs is not agreeable, open to consider coresetPoolIndex based extra delay.
Observation #12:  For 2TA case UE has 2 TAG and 2 DL reference timing associated with each TAG.
Observation #13:  The TCI states(s) for each coresetPoolIndex are associated with a TAG. 
Observation #14:  The UE needs use the DL reference timing for associated with corresponding coresetPoolIndex for UL timing.
Observation #15:  The DL reference timing RS should be in the activeDL or point TCI state list.
Observation #16:  For joint TCI state, the UE would track timing since its needed for DL reception and is already considered in the DL switching requirements.
Observation #17:  For separate UL TCI state switch additional time is needed – if the there is no reference timing associated with the coresetPoolIndex. 

Proposal #8:  For multi-DCI multi-TRP with 2TA for separate UL TCI state switch, additional time for DL timing reference tracking should be added in case no timing reference associated with the same coresetPoolIndex. 
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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 sepately. 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
coresetPoollndex having same TAG as the uplink signal [TS 38.331].
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7.1 UE transmit timing

711 Introduction

The UE shall have capability to follow the frame timing change of the reference cell in connected state or when
transmiting PUSCH on CG resources for SDT in RRC _Inactive. The uplink frame transmission takes place
(Np + N ae ) x 1, before the reception of the first detected path (in time) of the corresponding downlink frame from

the reference cell.
. UE initial transmit timing accuracy and

gradual timing adjustment requirements are defined in the following requirements.
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For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support the following for determining the
PRACH timing:

Alt 4:

e  For PRACH transmission triggered by PDCCH order associated with coresetPoollndex value 0:
o If“PRACH association indicator” is 0, DL reference timing associated with coresetPoollndex value 0 is used.
o If “PRACH association indicator” is 1, DL reference timing associated with coresetPoollndex value 1 is used.
e  For PRACH transmission triggered by PDCCH order associated with coresetPoollndex value 1:
o If“PRACH association indicator” is 0, DL reference timing associated with coresetPoollndex value 1 is used.
o If“PRACH association indicator” is 1, DL reference timing associated with coresetPoollndex value 0 is used.
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