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[bookmark: _Toc116995841]Introduction
[bookmark: _Hlk149235128]In the last RAN4 meeting RAN4#109, RAN4 has started discussing performance requirements and test cases for Rel-18 MIMO evolution for DL and UL. The following agreements were made and issues discussed [1]:
	Issue 5-1-2: TDCP Measurement Report Mapping
Way forward:
· Option 1: 
· Add the below table for amplitude reporting in 38.133
· Table: Quantization of amplitude value for TDCP reporting
	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




Issue 5-2-1: Whether to define TCs for two TAs?
Way forward:
· Option 1: 
· Yes
	Samsung
	Uplink transmit timing for two cells to support two TA – NR SA in FR1
Uplink transmit timing for two cells to support two TA – NR SA in FR2

	Huawei
	New timing advance adjustment test

	Nokia
	1. Test case for the two TA feature including:
-	A setup with two TRPs, each sending its own TA command;
-	An adjustable timing delay between the two cells/TRPs to verify MRTD and MTTD requirements.
2. Test case for the two TA feature including two MRTD configurations, assuming either MRTD > CP or MRTD = CP; a UE will only run one of the two configurations depending on whether it supports MRTD > CP or MRTD = CP.

	Ericsson
	•	UE Transmit Timing Test in FR1 
•	UE Transmit Timing Test in FR2
•	Timing advance adjustment accuracy for FR1 
•	Timing advance adjustment accuracy for FR2



Issue 5-2-2: Whether to define TCs for m-DCI mTRP cases?
Way forward:
· Option 1: 
· Yes
	Samsung
	m-TRP MAC-CE based TCI state switch delay
· TC-x: NR FR2, inter-cell mDCI + DL TCI + both two are known, RTD<CP
· TC-x: NR FR2, inter-cell mDCI + UL TCI + both two are known, RTD>CP

	Huawei
	· mDCI FR2 MAC-CE based active joint TCI state switch for a known TCI state
· mDCI FR2 MAC-CE based active DL TCI state switch for a known TCI state
· mDCI FR2 MAC-CE based active UL TCI state switch for a known TCI state
· mDCI FR2 MAC-CE based active joint TCI state switch for a known TCI state with RTD larger than CP
· mDCI FR2 MAC-CE based active DL TCI state switch for a known TCI state with RTD larger than CP
· mDCI FR2 MAC-CE based active UL TCI state switch for a known TCI state with RTD larger than CP



· Option 2: (Apple)
· No

Issue 5-2-2: Whether to define TCs for s-DCI mTRP cases?
Way forward:
· Option 1: 
· Yes
	Apple
	· No TC for eUTCI for sDCI mTRP with single TCI state switch
· TCs for eUTCI for sDCI mTRP with dual TCI state switch in FR2
· Separate TCI state switch on DL, with sDCI TDM transmission scheme
· Separate UL TCI state switch, with PUSCH repetition

	Samsung
	m-TRP MAC-CE based TCI state switch delay
· TC-x: NR FR2, intra-cell (Serving cell ) sDCI + DL TCI + dual TCI state switching + one is known; one is unknown
· TC-x: NR FR2, intra-cell (Serving cell ) sDCI + UL TCI + dual TCI state switching + both two are known
· TC-x: NR FR2, intra-cell (Serving cell ) sDCI + DL TCI + dual TCI state switching + two are unknown

	Huawei
	· sDCI FR2 MAC-CE based active joint TCI state switch for a known TCI state 
· sDCI FR2 MAC-CE based active DL TCI state switch for a known TCI state
· sDCI FR2 MAC-CE based active UL TCI state switch for a known TCI state

	Nokia
	Dual TCI state switching:
· Case 1: Both target TCIs are known;
· Case 2: One of target TCIs is unknown and another is known;
· Case 3: Both target TCIs are unknown.

	Ericsson
	MAC CE based unified TCI state switching should be tested for
· joint TCI state switching 
· Separate DL TCI state switch
· Separate UL TCI state switch







In this contribution we discuss: 
· two TA test cases;
· unified TCI state switching for mTRP test cases;
· TDCP performance requirements and test cases.

[bookmark: _Toc116995842]Discussion
Two TA test cases
Regarding the two TA feature, a test case needs to be defined using as starting point the timing-related test cases that have already been defined in TS 38.133. More specifically, in TS 38.133 the following two related test cases have been specified:
· NR UE Transmit Timing Test for FR1 (A.6.4.1.1 of TS 38.133), to verify that a UE can follow frame timing change of the connected gNB;
· SA FR1 timing advance adjustment accuracy (A.6.4.3.1 of TS 38.133), to verify UE TA adjustment delay and accuracy requirement.
These test cases, that were originally designed for FR1, have then been extended in A.7.4 of TS 38.133 to cover FR2 operations.
The test case for the two TA feature should include:
· A setup with two TRPs, each sending its own TA command;
· An adjustable timing delay between the two cells/TRPs to verify the UE’s capability to meet the UL transmit timing requirements as long as the delay between the TRPs is within the MRTD requirements.
[bookmark: _Toc159246058]Define the test case for the two TA feature including:
a. [bookmark: _Toc159246059]A setup with two TRPs, each sending its own TA command;
b. [bookmark: _Toc158815019][bookmark: _Toc159246060]An adjustable timing delay between the two cells/TRPs within the MRTD requirements.
[bookmark: _Toc159246061]Test cases for verification of two TA feature:
c. [bookmark: _Toc159246062]Test case for UE transmit timing accuracy;
d. [bookmark: _Toc159246063]Test case for UE timing advance adjustment accuracy.
Considering all the agreements about MRTD/MTTD up to RAN4#108 [2][3], there will be UE capabilities for UEs supporting STxMP and also for UEs supporting RTD>CP. Considering all the possible UE combinations, we have the following summary for MRTD/MTTD requirements for multi-DCI multi-TRP operation with two TAs:
	
	UE supports RTD>CP
	UE supports STxMP
	MRTD (μs)
	MTTD (μs)
	Margin (M1/M2) (μs)

	FR1
	Yes
	Yes
	33
	34.6
	1.6

	FR2
	Yes
	Yes
	8
	8.5
	0.5

	FR1
	Yes
	No
	33
	34.6
	1.6

	FR2
	Yes
	No
	8
	8.5
	0.5

	FR1
	No
	Yes
	CP
	CP+1.6
	1.6

	FR2
	No
	Yes
	CP
	CP+0.5
	0.5

	FR1
	No
	No
	CP
	No requirements
	No requirements

	FR2
	No
	No
	CP
	No requirements
	No requirements



To address all these combinations, a single test case with two MRTD configurations could be defined:
· The first configuration assumes MRTD = CP;
· The second configuration assumes MRTD > CP.
If a UE supports MRTD > CP, it only runs the second configuration. On the opposite side, if a UE does not support MRTD > CP, it only runs the first configuration.
[bookmark: _Toc159246064]Define the test case for the two TA feature including two MRTD configurations, assuming either MRTD > CP or MRTD = CP; a UE will only run one of the two configurations depending on whether it supports MRTD > CP or MRTD = CP.

Unified TCI state switching for mTRP test cases
The discussion on the unified TCI requirements for mTRP is still ongoing in RAN4. On the other hand, several conclusions can already be made based in particular on the outcome of the last RAN4 meeting RAN4#109 [1]:
· No requirement will be defined for simultaneous DL reception or UL transmission in FR2.
· For sDCI, delay requirements for MAC-CE based dual TCI state switch in FR2 have been defined for the following two cases:
· Case 1: Both target TCIs are known;
· Case 2: One of target TCIs is unknown and another is known.
· For sDCI, delay requirements for MAC-CE based dual TCI state switch in FR2 have not yet been defined but are under discussion for the third case if SSBs are adjacent:
· Case 3: Both target TCIs are unknown.
· For mDCI, delay requirements for MAC-CE based TCI state switch have been defined in the following scenarios:
· DL/UL with UE not supporting two TAs;
· DL with UE supporting two TAs but not supporting RTD>CP;
· DL with UE supporting two TAs and supporting RTD>CP in FR1.
· For mDCI, delay requirements for MAC-CE based TCI state switch have not yet been defined but are under discussion in the following additional scenarios (with target TCI states that can be either known or unknown):
· UL with UE supporting two TAs but not supporting RTD>CP;
· UL with UE supporting two TAs and supporting RTD>CP in FR1.
In Rel-17 separate test cases were defined for joint TCI state switch, DL TCI state switch, and UL TCI state switch, and that should be considered for Rel-18 as well.
[bookmark: _Toc159246065]Define the test cases for the unified TCI state switching for sDCI mTRP, including at least FR2 MAC-CE based dual TCI switch for:
· [bookmark: _Toc159246066]Both target TCIs are known (Case 1);
· [bookmark: _Toc159246067]One of target TCIs is unknown and another is known (Case 2). 
· [bookmark: _Toc159246068]FFS depending on the WI progress: Both target TCIs are unknown (Case 3).
[bookmark: _Toc159246069]Define the test cases for the unified TCI state switching for mDCI mTRP, including at least MAC-CE based TCI switch for the following scenarios, with target TCI states that can be either known or unknown:
· [bookmark: _Toc159246070]DL with UE not supporting two TAs;
· [bookmark: _Toc159246071]UL with UE not supporting two TAs;
· [bookmark: _Toc159246072]DL with UE supporting two TAs but not supporting RTD>CP;
· [bookmark: _Toc159246073]FFS depending on the WI progress: UL with UE supporting two TAs but not supporting RTD>CP;
· [bookmark: _Toc159246074]DL with UE supporting two TAs and supporting RTD>CP in FR1;
· [bookmark: _Toc159246075]FFS depending on the WI progress: UL with UE supporting two TAs and supporting RTD>CP in FR1.


[bookmark: _Toc116995848]Conclusion
In this contribution we discussed: two TA test cases, unified TCI state switching for mTRP test cases, and TDCP performance requirements and test cases. The following Observations and Proposals were made:
Proposal 1: Define the test case for the two TA feature including:
a.	A setup with two TRPs, each sending its own TA command;
b.	An adjustable timing delay between the two cells/TRPs within the MRTD requirements.
Proposal 2: Test cases for verification of two TA feature:
a.	Test case for UE transmit timing accuracy;
b.	Test case for UE timing advance adjustment accuracy.
Proposal 3: Define the test case for the two TA feature including two MRTD configurations, assuming either MRTD > CP or MRTD = CP; a UE will only run one of the two configurations depending on whether it supports MRTD > CP or MRTD = CP.
Proposal 4: Define the test cases for the unified TCI state switching for sDCI mTRP, including at least FR2 MAC-CE based dual TCI switch for:
-	Both target TCIs are known (Case 1);
-	One of target TCIs is unknown and another is known (Case 2).
-	FFS depending on the WI progress: Both target TCIs are unknown (Case 3).
Proposal 5: Define the test cases for the unified TCI state switching for mDCI mTRP, including at least MAC-CE based TCI switch for the following scenarios, with target TCI states that can be either known or unknown:
-	DL with UE not supporting two TAs;
-	UL with UE not supporting two TAs;
-	DL with UE supporting two TAs but not supporting RTD>CP;
-	FFS depending on the WI progress: UL with UE supporting two TAs but not supporting RTD>CP;
-	DL with UE supporting two TAs and supporting RTD>CP in FR1;
[bookmark: _Toc116995849]-	FFS depending on the WI progress: UL with UE supporting two TAs and supporting RTD>CP in FR1.
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