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1. Introduction
In RAN4#109 meeting, a WF on RRM performance requirements of R18 Further NR mobility enhancement was approved [1]. This paper will further discuss RRM performance requirement for LTM and presents our views and proposals.
2. Discussion
In the previous meeting, RAN4 reached many agreements on core requirements for LTM, and many details of the performance requirements for LTM are still under discussion. Based on the current status of the work in RAN4, we provide our discussion on performance requirements for LTM in this contribution.
Accuracy requirements
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]Issue 4-1-1: accuracy requirements
The accuracy requirements of intra-frequency and inter-frequency L1-RSRP measurement has been discussed in core part in the previous meeting, however, but no consensus has been reached on these issues. So, the related issues will be further discussed in the performance part and the proposals were captured in WF in the last meeting. The candidate solutions of accuracy requirements are as follows [1]:
	· Candidate solutions:
· Proposal 1: for intra-frequency L1-RSRP measurement, the legacy L1-RSRP accuracy requirements specified in clauses 10.1.19 for FR1 and 10.1.20 for FR2, respectively can be reused at least for UE capable of RTD>CP. (CMCC)
· Proposal 2: it is proposed to define accuracy requirements for inter-frequency L1-RSRP measurement. (CMCC)
· Proposal 3: Absolute and relative accuracy for intra-frequency and inter-frequency LTM L1-RSRP measurement are to be specified. (HW, MTK)
· [bookmark: OLE_LINK37][bookmark: OLE_LINK38]Proposal 4: Side condition in intra-frequency and inter-frequency L1-RSRP measurement accuracy requirements is SNR=-3dB. (MTK)
· Proposal 5: Reuse legacy SSB based L1-RSRP absolute and relative accuracy requirements for intra-frequency L1-RSRP measurement. (MTK)
· Proposal 6: When UE is not capable of RTD > CP, if UE uses single timing for measuring neighbour cells, measurement accuracy should be studied through simulations. When different timing is assumed for measuring neighbour cells, measurement accuracy is same as legacy. (E///)
· Proposal 7: Intra and Inter-frequency measurement accuracy can be assumed same. (E///)
· Recommended WF
· Discuss candidate solutions.


In legacy spec, only intra-frequency L1-RSRP measurement accuracy requirements are specified for a cell with different PCI from serving cell. In the RAN4 # 108-bis meeting, it was agreed that the accuracy requirements for inter-frequency L1-RSRP measurement of neighbor cells should be defined. And we believe that it is necessary to specify absolute and relative accuracy for intra-frequency and inter-frequency LTM L1-RSRP measurement. 
Proposal 1: Absolute and relative accuracy for intra-frequency and inter-frequency LTM L1-RSRP measurement are to be specified.
In Rel-17, the intra-frequency L1-RSRP measurement accuracy requirements are defined in clauses 10.1.19 for FR1 and 10.1.20 for FR2, respectively [2].
For RRM core requirement, intra-frequency L1-RSRP measurement requirements are related to whether UE is capable of RTD>CP, which is based on different timing assumptions of UE capability at UE. Therefore, intra-frequency L1-RSRP measurement accuracy requirements could be gradually analyzed based on UE capability on whether UE is capable of RTD>CP.
Observation 1: L1-RSRP measurement requirements are related to whether UE is capable of RTD>CP, which is based on different timing assumptions of UE capability at UE.
At least for the case of UE capable of RTD>CP, we think that legacy accuracy requirements for intra-frequency L1-RSRP measurement can be reused.
If UE is incapable of RTD>CP, we understand that UE performs L1-RSRP measurement of all cells on the same frequency layer based on an FFT module, that is, UE measures L1-RSRP using single timing. In the core part, RAN4 has agreed that Rel-17 intra-frequency L1-RSRP measurement requirement for a cell with different PCI from serving cell can be reused for LTM neighbor cells when the actual RTD is within CP, and there is no requirement when the actual RTD>CP. Therefore, legacy accuracy requirements for intra-frequency L1-RSRP measurement can also be reused for the case of UE incapable of RTD>CP.
In our view, regardless of whether UE is capable of RTD>CP, the legacy accuracy requirements for intra-frequency L1-RSRP measurement can be reused.
Observation 2:In core part, if UE is not capable of RTD>CP, RAN4 has agreed that Rel-17 intra-frequency L1-RSRP measurement requirement for a cell with different PCI from serving cell can be reused for LTM neighbor cells when the actual RTD is within CP, and there is no requirement when the actual RTD>CP.
Proposal 2: Regardless of whether UE is capable of RTD>CP, the legacy accuracy requirements for intra-frequency L1-RSRP measurement can be reused.
According to the existing principle of intra-frequency measurement accuracy requirement, the relative L1-RSRP measurement accuracy is less than the absolute measurement accuracy, it is due to the elimination of UE implementation margin. For existing inter-frequency measurement, the relative measurement accuracy is the same as the absolute measurement accuracy, it is due to different UE RF margin in different frequency [3]. Therefore, it is suggested to reuse the same principle for inter-frequency L1-RSRP measurement, i.e., the relative accuracy is supposed be the same as absolute accuracy.
Proposal 3: For inter-frequency L1-RSRP measurement, the legacy principle can be reused, i.e., the relative accuracy is supposed be the same as absolute accuracy.
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]For the side condition in intra-frequency and inter-frequency L1-RSRP measurement accuracy requirement, considering that the number of samples in L1-RSRP measurement is less than L3 measurement, a higher SNR is required to ensure measurement accuracy [4]. Therefore, it is supported to reuse the legacy value in Rel-15 and Rel-17 ICBM, that is, SNR = -3dB.
Proposal 4: Side condition in intra-frequency and inter-frequency L1-RSRP measurement accuracy requirement is SNR=-3dB.
Test cases for LTM
The test coverage should be discussed firstly, and the candidate solutions in the last meeting are copied as below [1]:
	· Candidate solutions for L1 measurement test cases: 
· Option 1: (CATT, Nokia)
· Test cases for intra-frequency L1-RSRP measurement 
· Test cases for inter-frequency L1-RSRP measurement
· Option 1a: (HW)
· Test case for intra-frequency L1-RSRP measurement with UE capability within CP
· Test case for inter-frequency L1-RSRP measurement 
· Option 1c: (MTK)
· intra-frequency L1-RSRP measurement with UE incapable of RTD> CP
· intra-frequency L1-RSRP measurement with UE capable of RTD> CP
· inter-frequency L1-RSRP measurement with Type 1 MG
· inter-frequency L1-RSRP measurement without gap
· Candidate solutions for cell switch test cases: 
· Option 1: (CATT)
· RACH-based or RACH-less 
· Frequency range of serving cell and target cell, intra- or inter 
· Whether the target TCI state is on the active TCI state list
· Whether the target cell is a current serving cell or not an active serving cell
· Option 2: (Nokia)
· RACH-based cell switch with TCI activation+indication at cell switch command
· RACH-based cell switch with early TCI state activation
· RACH-less cell switch with TCI state activation+indication at cell switch command
· RACH-less cell switch with early TCI state activation
· Option 3: (E///)
· Cell switch to neigour cell to be tested in following scenarios
· Source cell is in FR1 and neighbour is in FR1
· Source cell is in FR1 and neighbour is in FR2
· Source cell is in FR2 and neighbour is in FR1
· Source cell is in FR2 and neighbour is in FR2


L1-RSRP measurement test cases
In general, for L1-RSRP measurement requirements, at least test cases for intra-frequency and inter-frequency measurements should be specified in RAN4, that is:
· Test cases for intra-frequency L1-RSRP measurement with UE incapable of RTD> CP 
· Test cases for intra-frequency L1-RSRP measurement with UE capable of RTD> CP
· Test cases for inter-frequency L1-RSRP measurement with Type 1 MG
· Test cases for inter-frequency L1-RSRP measurement without gap
In additional, some factors that reduce test cases can be considered when defining the specific test cases. 
For intra-frequency L1-RSRP measurement with UE capable of RTD> CP, there is no need to test the test cases for RTD<CP. And for inter-frequency L1-RSRP measurement without gap, considering that the measurement requirements are basically the same as intra-frequency measurement, there is no need to test all the cases like intra-frequency L1-RSRP measurement [1].
Proposal 5: The following test cases for L1 intra- and inter-frequency measurements should be specified in RAN4:
· Test cases for intra-frequency L1-RSRP measurement with UE incapable of RTD> CP 
· Test cases for intra-frequency L1-RSRP measurement with UE capable of RTD> CP
· Test cases for inter-frequency L1-RSRP measurement with Type 1 MG
· Test cases for inter-frequency L1-RSRP measurement without gap
Proposal 6: For intra-frequency L1-RSRP measurement with UE capable of RTD> CP, there is no need to test the test cases for RTD<CP.
Proposal 7: For inter-frequency L1-RSRP measurement without gap, considering that the measurement requirements are basically the same as intra-frequency measurement, there is no need to test all the cases like intra-frequency L1-RSRP measurement.
LTM cell switch test cases
For LTM cell switch delay requirements, the test cases should be divided according to the time components in cell switch delay. In our view, the dimensions that need to be considered should be discussed firstly, and the test cases are at least related to the following aspects:
· PCell or PSCell
· RACH-based or RACH-less
· Frequency range of serving cell and target cell, FR1 or FR2
· Whether the target TCI state indicated in the LTM cell switch command is in the active TCI state list
Proposal 8: Test cases for LTM cell switch delay requirements should consider the following aspects:
· PCell or PSCell
· RACH-based or RACH-less
· Frequency range of serving cell and target cell, FR1 or FR2
· Whether the target TCI state indicated in the LTM cell switch command is in the active TCI state list.
According to the all combination of test cases from above different dimensions, further reduction of test cases is needed, and at least the following factors should be considered:
· For RACH-based or RACH-less cell switch delay, considering that the delay requirements of RACH-less cell switch is part of that of RACH-based cell switch, a typical test case for RACH-less cell switch delay is enough, e.g. only test from FR1 to FR1 cell switch for RACH-less cell switch.
· For the frequency range of serving cell and target cell, considering that Rel-18 LTM delay requirements only consider known cell and Tsearch is 0, it is enough to only test the cases from FR1 to FR1 and from FR1 to FR2, the test cases from FR2 to FR2 and from FR2 to FR1 can be omitted [1].
· For PSCell cell switch delay, considering that PSCell cell switch delay is the same as PCell cell switch delay, it is enough to only test RACH-based cell switch from FR1 to FR1 for PSCell cell switch [1].
Proposal 9: For PCell cell switch,
· It is enough to only test from FR1 to FR1 and from FR1 to FR2 cell switch.
· It is enough to only test from FR1 to FR1 cell switch for RACH-less cell switch.
Proposal 10: For PSCell cell switch, it is enough to only test RACH-based cell switch from FR1 to FR1 for PSCell cell switch.
In addition, some details of cell switch delay in different scenarios are still under discussion. For example, the delay may be related to UE capability to perform early ASN.1 decoding and validity/compliance check before the cell switch and the potential UE capability on supporting smaller value of TLTM-processing  [5]. Therefore, other tests are not precluded based on further conclusion of core requirements.

Therefore, according to the above principle, we propose,
Proposal 11: The specific test cases for LTM cell switch delay requirements could include the following:
	PCell or PSCell
	RACH-based or RACH-less
	Frequency range of serving cell and target cell
	Whether the target TCI state indicated in the LTM cell switch command is in the active TCI state list
	Test cases list

	PCell
	RACH-based 
	from FR1 to FR1
	with early TCI state activation
	RACH-based cell switch from FR1 to FR1 with early TCI state activation

	
	
	
	without early TCI state activation
	RACH-based cell switch from FR1 to FR1 without early TCI state activation

	
	
	from FR1 to FR2
	with early TCI state activation
	RACH-based cell switch from FR1 to FR2 with early TCI state activation

	
	
	
	without early TCI state activation
	RACH-based cell switch from FR1 to FR2 without early TCI state activation

	
	
	from FR2 to FR2
	/
	/

	
	
	from FR2 to FR1
	/
	/

	
	RACH-less
	from FR1 to FR1
	with early TCI state activation
	RACH-less cell switch from FR1 to FR1 with early TCI state activation

	
	
	
	without early TCI state activation
	RACH-less cell switch from FR1 to FR1 without early TCI state activation

	
	
	from FR1 to FR2
	/
	/

	
	
	from FR2 to FR2
	/
	/

	
	
	from FR2 to FR1
	/
	/

	PSCell
	RACH-based
	from FR1 to FR1
	with early TCI state activation
	RACH-based cell switch from FR1 to FR1 with early TCI state activation

	
	
	from FR1 to FR2
	/
	/

	
	
	from FR2 to FR2
	/
	/

	
	
	from FR2 to FR1
	/
	/

	
	RACH-less
	from FR1 to FR1
	/
	/

	
	
	from FR1 to FR2
	/
	/

	
	
	from FR2 to FR2
	/
	/

	
	
	from FR2 to FR1
	/
	/



3. Conclusion
In this paper, we provide our views on LTM RRM performance requirement. From this discussion we have derived the following observations and proposals:
Proposal 1: Absolute and relative accuracy for intra-frequency and inter-frequency LTM L1-RSRP measurement are to be specified.
Observation 1: L1-RSRP measurement requirements are related to whether UE is capable of RTD>CP, which is based on different timing assumptions of UE capability at UE.
Observation 2:In core part, if UE is not capable of RTD>CP, RAN4 has agreed that Rel-17 intra-frequency L1-RSRP measurement requirement for a cell with different PCI from serving cell can be reused for LTM neighbor cells when the actual RTD is within CP, and there is no requirement when the actual RTD>CP.
Proposal 2: Regardless of whether UE is capable of RTD>CP, the legacy accuracy requirements for intra-frequency L1-RSRP measurement can be reused.
Proposal 3: For inter-frequency L1-RSRP measurement, the legacy principle can be reused, i.e., the relative accuracy is supposed be the same as absolute accuracy.
Proposal 4: Side condition in intra-frequency and inter-frequency L1-RSRP measurement accuracy requirement is SNR=-3dB.
Proposal 5: The following test cases for L1 intra- and inter-frequency measurements should be specified in RAN4:
· Test cases for intra-frequency L1-RSRP measurement with UE incapable of RTD> CP 
· Test cases for intra-frequency L1-RSRP measurement with UE capable of RTD> CP
· Test cases for inter-frequency L1-RSRP measurement with Type 1 MG
· Test cases for inter-frequency L1-RSRP measurement without gap
Proposal 6: For intra-frequency L1-RSRP measurement with UE capable of RTD> CP, there is no need to test the test cases for RTD<CP.
Proposal 7: For inter-frequency L1-RSRP measurement without gap, considering that the measurement requirements are basically the same as intra-frequency measurement, there is no need to test all the cases like intra-frequency L1-RSRP measurement.
Proposal 8: Test cases for LTM cell switch delay requirements should consider the following aspects:
· PCell or PSCell
· RACH-based or RACH-less
· Frequency range of serving cell and target cell, FR1 or FR2
· Whether the target TCI state indicated in the LTM cell switch command is in the active TCI state list.
Proposal 9: For PCell cell switch,
· It is enough to only test from FR1 to FR1 and from FR1 to FR2 cell switch.
· It is enough to only test from FR1 to FR1 cell switch for RACH-less cell switch.
Proposal 10: For PSCell cell switch, it is enough to only test RACH-based cell switch from FR1 to FR1 for PSCell cell switch.
Proposal 11: The specific test cases for LTM cell switch delay requirements could include the following:
	PCell or PSCell
	RACH-based or RACH-less
	Frequency range of serving cell and target cell
	Whether the target TCI state indicated in the LTM cell switch command is in the active TCI state list
	Test cases list

	PCell
	RACH-based 
	from FR1 to FR1
	with early TCI state activation
	RACH-based cell switch from FR1 to FR1 with early TCI state activation

	
	
	
	without early TCI state activation
	RACH-based cell switch from FR1 to FR1 without early TCI state activation

	
	
	from FR1 to FR2
	with early TCI state activation
	RACH-based cell switch from FR1 to FR2 with early TCI state activation

	
	
	
	without early TCI state activation
	RACH-based cell switch from FR1 to FR2 without early TCI state activation

	
	
	from FR2 to FR2
	/
	/

	
	
	from FR2 to FR1
	/
	/

	
	RACH-less
	from FR1 to FR1
	with early TCI state activation
	RACH-less cell switch from FR1 to FR1 with early TCI state activation

	
	
	
	without early TCI state activation
	RACH-less cell switch from FR1 to FR1 without early TCI state activation

	
	
	from FR1 to FR2
	/
	/

	
	
	from FR2 to FR2
	/
	/

	
	
	from FR2 to FR1
	/
	/

	PSCell
	RACH-based
	from FR1 to FR1
	with early TCI state activation
	RACH-based cell switch from FR1 to FR1 with early TCI state activation

	
	
	from FR1 to FR2
	/
	/

	
	
	from FR2 to FR2
	/
	/

	
	
	from FR2 to FR1
	/
	/

	
	RACH-less
	from FR1 to FR1
	/
	/

	
	
	from FR1 to FR2
	/
	/

	
	
	from FR2 to FR2
	/
	/

	
	
	from FR2 to FR1
	/
	/
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