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1. Introduction 
In RAN4#109 RRM impacts for R18 MIMO evolution were discussed and way forward [1] was agreed. In this contribution we present our views on performance requirements and test cases to be introduced for MIMO evolution in UL and DL.   
2. Discussion
TDCP Measurement Reporting
In [1] there was a proposal to capture the TDCP amplitude reporting mapping table in TS38.133. In RAN1 specification 38.214 the mapping of TDCP amplitude to reporting index is provided. It doesn’t include the range of values corresponding to the index. RAN4 spec should include the mapping of range of TDCP values to a reported index. 
Observation #1:  RAN1 spec doesn’t include the range of TDCP values corresponding to reported index for TDCP.
Observation #2:  RAN4 spec should capture the range of TDCP values for each index.
In [1] one of the options was to define the range as:
	Value of  
	TDCP Range

	0
	 ~
	0.9945< TDCP <=1

	1
	 ~ 
	0.9922< TDCP <=0.9945

	2
	 ~ 
	0.9890< TDCP <=0.9922

	3
	 ~ 
	0.9844< TDCP <=0.9890

	…
	…
	…

	12
	 ~ 
	0.6464< TDCP <=0.75

	13
	 ~ 
	0.5< TDCP <=0.6464

	14
	 ~ 
	0.2929< TDCP <=0.5

	15
	 ~ 
	0< TDCP <=0.2929



We propose to introduce the following table in 38.133 for TDCP amplitude quantization mapping:
	
	TDCP Range

	0
	0.9945< TDCP <=1

	1
	0.9922< TDCP <=0.9945

	2
	0.9890< TDCP <=0.9922

	3
	0.9844< TDCP <=0.9890

	…
	…

	12
	0.6464< TDCP <=0.75

	13
	0.5< TDCP <=0.6464

	14
	0.2929< TDCP <=0.5

	15
	0≤ TDCP <=0.2929



RAN4 introduce the following TDCP amplitude quantization table in 38.133. 
	
	TDCP Range

	0
	0.9945< TDCP <=1

	1
	0.9922< TDCP <=0.9945

	2
	0.9890< TDCP <=0.9922

	3
	0.9844< TDCP <=0.9890

	…
	…

	12
	0.6464< TDCP <=0.75

	13
	0.5< TDCP <=0.6464

	14
	0.2929< TDCP <=0.5

	15
	0≤ TDCP <=0.2929



Timing requirements for UL multi-DCI multi-TRP with two TAs
Regarding multi-DCI multi-TRP with two TAs, RAN4 mainly discussed the MRTD and MTTD requirements during the core part. Besides, RAN4 also added some clarification in TS38.133 timing related requirements to make sure that UE needs to follow individual DL timing to perform UL transmission. Although timing advance requirements were not touched during core part discussion, it is straightforward that UE needs to maintain UL timing separately for the two UL transmissions. Considering MRTD and MTTD requirements were never tested in RAN4 history, we don’t see the necessity to specifically introduce test case to verify them in this work item. We do have timing transmission error and timing advance test cases in RAN4 history. Therefore, we propose to introduce the following test cases for multi-DCI multi-TRP with two TAs:
1) Test case 1: UE transmit timing in FR1
2) Test case 2: UE transmit timing in FR2
3) Test case 3: timing advance in FR1
4) Test case 4: timing advance in FR2
Test case list for multi-DCI multi-TRP with two TAs:
Test case 1: UE transmit timing in FR1
Test case 2: UE transmit timing in FR2
Test case 3: timing advance in FR1
Test case 4: timing advance in FR2

TCI state switching requirements for eUTCI
For eUTCI we have agreed to introduce requirements for mDCI and sDCI schemes without simultaneous reception in DL or simultaneous transmission on the UL in FR2.
For mDCI, the R17 UTCI requirements are applicable per TRP independently with association of coresetPoolIndex. The extra delay components for mDCI eUTCI state switch compared to Rel-17 UTCI state switch are to account for adjacent or overlapping SSBs in case of both TRPs are in a TCI state switch at the same time and both need TO/FO measurement. In principle nothing new is tested compared to single TRP uTCI state switch. We don’t think we should introduce test cases for mDCI scheme for eUTCI, since nothing new is being tested with TCI state switch with mDCI scheme.
Observation #3:  For mDCI the R17 UTCI state requirements are applicable per TRP independently with association of coresetPoolIndex.
Observation #4:  Nothing new will be tested in terms of UTCI state switch in the context of mDCI scheme.
Hence
Do not introduce performance test cases for eUTCI for mDCI mTRP transmission scheme. 
For sDCI transmission schemes, we have single TCI state switch and dual TCI state switch. For single TCI state switch the requirements are same as R17, and we don’t see the necessity to introduce performance test cases for them.
Observation #5:  For sDCI with single TCI state switch no new requirements are defined and the R17 UTCI state requirements are reused.
Do not introduce performance test cases for eUTCI for sDCI mTRP transmission scheme with single TCI state switch. 
For sDCI mTRP with dual TCI state switch new requirements are introduced and we should further discuss to introduce performance test cases for them. The requirements for dual TCI state switch for sDCI are defined for – Separate DL TCI state switch, separate UL TCI state switch and joint TCI state switch (derived based on DL and UL combined). The core requirements cover the case without simultaneous RX in DL and without simultaneous TX in UL. The test cases should be defined for the configuration that doesn’t require simultaneous DL reception or simultaneous UL transmission. sDCI TDM transmission scheme doesn’t require simultaneous reception in DL. PUSCH repetition scheme doesn’t require simultaneous transmission on the UL. Joint dual TCI state switch without simultaneous transmission or reception with sDCI mTRP is not possible. 
Observation #6:  The test cases for sDCI mTRP dual TCI switch should be for configurations that don’t require simultaneous reception in DL or simultaneous transmission in UL.
Observation #7:  sDCI TDM transmission scheme doesn’t require simultaneous reception in DL
Observation #8:  PUSCH repetition scheme doesn’t require simultaneous transmission in UL
Observation #9:  Joint dual TCI state switch without supporting simultaneous reception in DL or simultaneous transmission in UL is not possible. 

Hence, we propose the following for introducing test cases doe sDCI mTRP dual TCI state switch:
1. Separate TCI state switch on DL, with sDCI TDM transmission scheme
2. Separate UL TCI state switch, with PUSCH repetition 
RAN4 introduce performance test cases for sDCI mTRP with dual TCI state switch for 
(1) Separate TCI state switch on DL, with sDCI TDM transmission scheme
(2) Separate UL TCI state switch, with PUSCH repetition
Do not introduce test case for Joint dual TCI state switch for sDCI mTRP. 

Introduce test cases in FR2 alone, like R17 UTCI test cases. The DCI based switching requirements follow RAN1 defined timeline and based on UE capability. MAC CE based switching requirements would be more useful to test. Hence, we propose to introduce test cases for MAC CE based TCI state switch. 


Introduce test case for MAC CE based sDCI dual TCI state switch in FR2.
3. Conclusion
In this paper, we provide our views on performance requirements and test cases to be introduced for MIMO evolution in UL and DL. Our observations and proposals are captured below:

TDCP Measurement Reporting
Observation #1:  RAN1 spec doesn’t include the range of TDCP values corresponding to reported index for TDCP.
Observation #2:  RAN4 spec should capture the range of TDCP values for each index.
1. RAN4 introduce the following TDCP amplitude quantization table in 38.133. 
	
	TDCP Range

	0
	0.9945< TDCP <=1

	1
	0.9922< TDCP <=0.9945

	2
	0.9890< TDCP <=0.9922

	3
	0.9844< TDCP <=0.9890

	…
	…

	12
	0.6464< TDCP <=0.75

	13
	0.5< TDCP <=0.6464

	14
	0.2929< TDCP <=0.5

	15
	0≤ TDCP <=0.2929



Timing requirements for UL multi-DCI multi-TRP with two TAs
Test case list for multi-DCI multi-TRP with two TAs:
Test case 1: UE transmit timing in FR1
Test case 2: UE transmit timing in FR2
Test case 3: timing advance in FR1
Test case 4: timing advance in FR2

TCI state switching requirements for eUTCI
Observation #3:  For mDCI the R17 UTCI state requirements are applicable per TRP independently with association of coresetPoolIndex.
Observation #4:  Nothing new will be tested in terms of UTCI state switch in the context of mDCI scheme.
Hence
Do not introduce performance test cases for eUTCI for mDCI mTRP transmission scheme. 
Observation #5:  For sDCI with single TCI state switch no new requirements are defined and the R17 UTCI state requirements are reused.
Do not introduce performance test cases for eUTCI for sDCI mTRP transmission scheme with single TCI state switch. 
Observation #6:  The test cases for sDCI mTRP dual TCI switch should be for configurations that don’t require simultaneous reception in DL or simultaneous transmission in UL.
Observation #7:  sDCI TDM transmission scheme doesn’t require simultaneous reception in DL
Observation #8:  PUSCH repetition scheme doesn’t require simultaneous transmission in UL
Observation #9:  Joint dual TCI state switch without supporting simultaneous reception in DL or simultaneous transmission in UL is not possible. 
RAN4 introduce performance test cases for sDCI mTRP with dual TCI state switch for 
(1) Separate TCI state switch on DL, with sDCI TDM transmission scheme
(2) Separate UL TCI state switch, with PUSCH repetition
Do not introduce test case for Joint dual TCI state switch for sDCI mTRP. 
Introduce test case for MAC CE based sDCI dual TCI state switch in FR2.
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