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1 Introduction
This contribution provides analysis on performance requirements for R18 LTM.
2. Discussion
2.1 Accuracy requirements
intra-frequency L1-RSRP measurement accuracy requirements
RAN4 had some discussion on side condition used in intra-frequency L1-RSRP measurement accuracy requirements. The divergence is to use -3dB (same as legacy L1 measurement) or -6dB (same as L3 measurement). In our view, the same SNR side condition as serving cell and R17 ICBM should be used. Compared to L3 measurement, the sample number of L1-RSRP measurement is smaller. To guarantee measurement accuracy, higher SNR is needed. NW is supposed to configure L1 measurement for a cell with better channel condition based on L3 measurement report. It is reasonable that side condition of L1-RSRP is higher than L3 measurement. In addition, the side condition of L3 HO for unknown cell is -2dB, which is higher than legacy side condition of L1 measurement, i.e. SNR=-3dB. If RAN4 want to define the accuracy requirements with side condition SNR = -6dB, some relaxation is necessary. We had run some simulations. The results are shown in the following tables. It can be observed that about 2dB relaxation is needed if to define L1-RSRP measurement accuracy requirements with side condition SNR = -6dB. 
Table 1: SSB L1-RSRP absolute accuracy (dB) @ SNR=-3dB, 1 sample
	Channel
	STATIC/AWGN
	TDL-C 300ns 100Hz  (FR1)
	TDL-A 30ns 75Hz (FR2)

	SCS
	15 kHz
	30 kHz
	120 kHz
	240 kHz
	15 kHz
	30 kHz
	120 kHz
	240 kHz

	Accuracy (dB)
	1.57
	1.56
	1.58
	1.56
	1.69
	1.58
	1.65
	1.62



Table 2: SSB L1-RSRP absolute accuracy (dB) @ SNR=-6dB, 1 sample
	Channel
	STATIC/AWGN
	TDL-C 300ns 100Hz  (FR1)
	TDL-A 30ns 75Hz (FR2)

	SCS
	15 kHz
	30 kHz
	120 kHz
	240 kHz
	15 kHz
	30 kHz
	120 kHz
	240 kHz

	Accuracy (dB)
	2.66
	2.66
	2.68
	2.66
	3.63
	3.19
	3.33
	3.33


Table 3: degradation from SNR=-3dB to SNR=-6dB, 1 sample
	Channel
	STATIC/AWGN
	TDL-C 300ns 100Hz  (FR1)
	TDL-A 30ns 75Hz (FR2)

	SCS
	15 kHz
	30 kHz
	120 kHz
	240 kHz
	15 kHz
	30 kHz
	120 kHz
	240 kHz

	Degradation
	1.09
	1.1
	1.1
	1.1
	1.94
	1.61
	1.68
	1.71



If RAN4 can agree that side condition in intra-frequency L1-RSRP measurement accuracy requirements is -3dB, the legacy SSB based L1-RSRP absolute and relative accuracy requirements can be reused.
[bookmark: _Hlk131520490]Proposal 1: Side condition in intra-frequency L1-RSRP measurement accuracy requirements is SNR=-3dB. Reuse legacy SSB based L1-RSRP absolute and relative accuracy requirements for intra-frequency L1-RSRP measurement:
	Side condition: SNR=-3dB
	Absolute accuracy
	Relative accuracy

	FR1
	±5.0
	±3

	FR2
	±6.5
	±6.5


Observation 1: If side condition in L1-RSRP measurement accuracy requirements is SNR=-6dB, 2dB relaxation is needed compared to legacy SSB based L1-RSRP accuracy requirements.

inter-frequency L1-RSRP measurement accuracy requirements

Due to the same reason as intra-frequency L1-RSRP measurement, we propose that side condition in inter-frequency L1-RSRP measurement accuracy requirements is also SNR=-3dB. 
For absolute accuracy requirements, we see no difference between intra-frequency and inter-frequency, so the legacy absolute accuracy requirements of intra-frequency L1-RSRP measurement are applicable to inter-frequency L1-RSRP measurement.
Proposal 2: Side condition in inter-frequency L1-RSRP measurement accuracy requirements is SNR=-3dB.
Proposal 3: Legacy SSB based L1-RSRP absolute accuracy requirements are applicable to inter-frequency L1-RSRP measurement.
[bookmark: _Hlk158211580]For relative accuracy of inter-frequency SSB based L1-RSRP measurement, similar as L3 inter-frequency, it is to compare the accuracy of one SSB on a frequency compared to the RSRP measured from another SSB on a different frequency. As different frequency may have different RF residual error, the relative accuracy for inter-frequency is the same as the absolute accuracy requirements.
Proposal 4: Relative accuracy of SSB based L1-RSRP in inter-frequency case is ±5.0 in FR1 and ±6.5 in FR2.
As accuracy requirements for inter-frequency are new requirements to define, RAN4 can define related test cases. We propose to define one for FR1 and one for FR2.
Proposal 5: Define test cases for accuracy requirements of SSB based L1-RSRP in inter-frequency case. One for FR1 and one for FR2.
2.2 Test case list for core requirements
Here we list all the core part requirements defined for LTM and provide our views on the test cases to define. As well known, there are quite a lot of core requirements defined and there are various scenarios that may have different requirements. If we define individual test cases for all the requirements and scenarios, there are too many to define. We suggest considering the possibility to define a test case to cover multiple scenarios and avoiding duplicated testing on similar functions. 

Table 4
	Core requirements defined
	Detail 
	Note

	PCell Cell switch requirements
	A.6.3.x.1
· RACH based Cell switch from FR1 to FR1
· Intra-frequency cell switch
	There are totally 4 dimensions, i.e.,
· RACH based or RACH-less
· FR1 or FR2
· PCell or PSCell
· Intra-f or inter-f
There can be 16 combinations, which are too many.
Considering that the delay requirements of RACH-less cell switch is similar to that of RACH based cell switch, it is enough to test RACH-less cell switch for intra-frequency cell switch only.
Considering that PSCell cell switch delay is the same as PCell cell switch delay. The difference lies in interruption requirements, we think it is enough to only test RACH-based PSCell cell switch for intra-frequency.

	
	A.6.3.x.2
· RACH-less Cell switch from FR1 to FR1
· Intra-frequency cell switch 
	

	
	A.6.3.x.3
· RACH based Cell switch from FR1 to FR1
· Inter-frequency cell switch
	

	
	A.7.3.x.1
· RACH based Cell switch from FR2 to FR2
· Intra-frequency cell switch
	

	
	A.7.3.x.2
· RACH-less Cell switch from FR2 to FR2
· Intra-frequency cell switch
	

	
	A.7.3.x.3
· RACH based Cell switch from FR2 to FR2
· Inter-frequency cell switch
· 
	

	PSCell cell switch
	A.6.3.y.1
· RACH based Cell switch from FR1 to FR1
· Intra-frequency cell switch
	

	
	A.7.3.y.1
· RACH based Cell switch from FR2 to FR2
· Intra-frequency cell switch
	

	UL transmit timing requirements
	No need to have independent test case as can be tested in TCs for cell switch requirements
	

	PDCCH-order RACH on neighbor cell
	A.6.5.x.1
· intra-frequency target cell in FR1
· RACH BW is within active BWP 
	

	
	A.6.5.x.2
· inter-frequency target cell in FR1
· RACH BW is outside any configured BWP
	

	
	A.7.5.x.1
· intra-frequency target cell in FR2
· RACH BW is within active BWP
	

	
	A.7.5.x.2
· inter-frequency target cell in FR2
· RACH BW is outside any configured BWP
	

	Intra-f L1-RSRP measurement for LTM

	A.6.6.x.1
· Intra-f L1-RSRP measurement in FR1
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP 
· Single frequency layer
· 1 serving cell, 2 neighbor cells
	

	
	A.7.6.x.1
· Intra-f L1-RSRP measurement in FR2
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP 
· Single frequency layer
· 1 serving cell, 2 neighbor cells, none of neighbor cells’ TCI state activated
	

	
	A.7.6.x.2
· Intra-f L1-RSRP measurement in FR2
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP 
· Single frequency layer
· 1 serving cell, 2 neighbor cells, one of neighbor cells’ TCI state activated
	

	Inter-f L1-RSRP measurement with MG
	A.6.6.y.1
· Inter-f L1-RSRP measurement with MG in FR1
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP
· 2 neighbor cells
	

	
	A.7.6.y.1
· Inter-f L1-RSRP measurement withMG in FR2
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP 
· 2 neighbor cells
	

	Inter-f L1-RSRP measurement without gap for LTM

	A.6.6.z.1
· Inter-f L1-RSRP measurement without gap in FR1
· RTD<CP
· Single frequency layer
· 2 neighbor cells
	As UE behavior is basically the same as L1-RSRP measurement on intra-frequency neighbor cell(s), there is no need to test all the cases. 

	
	A.7.6.z.1
· Inter-f L1-RSRP measurement without gap in FR2
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP
· Single frequency layer
· 2 neighbor cells, none of neighbor cells’ TCI state activated
	



Based on the above analysis, we have the following proposals:
Proposal 6: Specify the test cases for
· PCell switch delay
· PScell switch delay
· intra-frequency L1-RSRP measurement
· inter-frequency L1-RSRP measurement with Type 1 MG
· inter-frequency L1-RSRP measurement without gap
Details are shown in Table 4.
Proposal 7: No need to have independent test case for UL transmit timing requirements, as it can be tested in the test cases for RACH-less cell switch delay.
[bookmark: _Hlk142679663]2.3 Test Procedures
In this part, we would like to discuss some detail of the test cases.

Cell switch delay
As RAN4 only defined cell switch delay requirements for known cell and known TCI sate case, it is reasonable to us that UE has performed L3 measurement and L1 measurement on the target cell before the test. So the whole test contains at most three phases as shown in Fig. 1. 
· Test preparation
· Configuration of Candidate cell, L3 measurement and L1 measurement are configured
· UE has performed L3 measurement and L1 measurement on the target cell.
· TE has received valid L1 measurement report on the target cell
· T1
· [bookmark: OLE_LINK1]T1 starts from a valid L1 report on target cell. TE then activates TCI state of target cell if UE supports pre TCI state activation on candidate cell(s). 
· If UE does not support pre TCI state activation on candidate cell(s), TE does not activate TCI state.
· T2 starts from the time that UE receives cell switch command. The duration of T2 covers the whole cell switch delay. 
· The time gap between cell switch command and TCI sate activation command is longer than the time duration to be discussed in core part.
· Check cell switch delay and interruption.
[image: ]
Fig.1
Proposal 8: The general test procedure of test cases on cell switch delay can be
· Test preparation
· Configuration of Candidate cell, L3 measurement and L1 measurement are configured
· UE has performed L3 measurement and L1 measurement on the target cell.
· TE has received valid L1 measurement report on the target cell
· T1
· T1 starts from a valid L1 report on target cell. TE then activates TCI state of target cell if UE supports pre TCI state activation on candidate cell(s).  
· If UE does not support pre TCI state activation on candidate cell(s), TE does not activate TCI state.
· T2 starts from the time that UE receives cell switch command. T2 equals to cell switch delay. 
· The time gap between cell switch command and TCI sate activation command is longer than the time duration to be discussed in core part.
· Check cell switch delay and interruption.

L1-RSRP measurement
[bookmark: _Hlk158219456]First of all, we think it is sufficient to define test cases only in non-DRX mode. The target of L1-RSRP measurement test cases here is how UE shares the measurement occasions among different cells. UE behavior in DRX mode has been well tested by legacy test cases.
Proposal 9: For L1-RSRP measurement, define test cases in non-DRX mode only.
In R17 ICBM L1-RSRP measurement test case, e.g., A.6.6.4.6, the test case contains two durations. In T1, non-serving cell is unknown and undetectable. In T2, non-serving cell becomes detectable and UE will perform cell search at first and then L1 measurement. TE will check the time UE reports L1 measurement results. The delay includes the time for cell search and L1 measurement. In our understanding, the test case can not reach the goal of testing L1 measurement delay. 

As the L1 measurement requirements in LTM defined are applicable to known cell only, it is reasonable to us that the target cell is known before the test. The test can contain two durations as shown in Fig. 2. We can set different RSRP levels at T1 and T2, measurement delay can be tested by checking when UE reports a different RSRP in T2.
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Fig. 2

Proposal 10: The general test procedure of test cases on L1-RSRP measurement can be
· Test preparation
· Configuration of Candidate cell, L3 measurement and L1 measurement are configured
· UE has identified the neighboring cells and acquired SSB index before the test 
· T1
· In T1, RSRP of neighboring cells is RSRP1.
· T2 
· In T2, RSRP of neighboring cells is RSRP2. The difference between RSRP1 and RSRP2 should be larger enough to guarantee the reported results can be different in T1 and T2.
· Check the time that UE reports a different RSRP in T2.

PDCCH-order RACH

The requirements to test are PDCCH-order delay, interruption due to retuning to target cell, interruption during RACH transmission and interruption due to retuning back to serving cell. As the typical LTM procedure would be that UE performs DL synchronization and then UL. So we think the procedure can include three durations as shown in Fig.3.
[image: ]

Fig. 3
· Test preparation
· Configuration for Candidate cell, L3 measurement and L1 measurement, early UL sync are configured
· Before the test, TE has received valid L1 measurement report on the target cell
· T1
· T1 starts from network activating TCI state of target cell 
· T2 starts from UE receiving the PDCCH order. The duration of T2 covers PDCCH-order RACH delay, RACH transmission and the time needed to retuning back to serving cell. 
· The time gap between PDCCH-order and TCI sate activation command is longer than the time duration to be discussed in core part.
· Check PDCCH-order RACH delay and interruption
· Check the delay and interruption that UE retunes back to serving cell

Proposal 11: The general test procedure of test cases on PDCCH-order RACH can be
· Test preparation
· Configuration for Candidate cell, L3 measurement and L1 measurement, early UL sync are configured
· Before the test, TE has received valid L1 measurement report on the target cellT1
· T1
· T1 starts from network activating TCI state of target cell.
· T2 starts from UE receiving the PDCCH order. The duration of T2 covers PDCCH-order RACH delay, RACH transmission and the time needed to retuning back to serving cell.
· The time gap between PDCCH-order and TCI sate activation command is longer than the time duration to be discussed in core part.
· Check PDCCH-order RACH delay and interruption
· Check the delay and interruption that UE retunes back to serving cell
3 Summary
In this paper, we provide some views on performance requirements for LTM. We have the following proposals and observation:
Proposal 1: Side condition in intra-frequency L1-RSRP measurement accuracy requirements is SNR=-3dB. Reuse legacy SSB based L1-RSRP absolute and relative accuracy requirements for intra-frequency L1-RSRP measurement:
	Side condition: SNR=-3dB
	Absolute accuracy
	Relative accuracy

	FR1
	±5.0
	±3

	FR2
	±6.5
	±6.5


Observation 1: If side condition in L1-RSRP measurement accuracy requirements is SNR=-6dB, 2dB relaxation is needed compared to legacy SSB based L1-RSRP accuracy requirements.
Proposal 2: Side condition in inter-frequency L1-RSRP measurement accuracy requirements is SNR=-3dB.
Proposal 3: Legacy SSB based L1-RSRP absolute accuracy requirements are applicable to inter-frequency L1-RSRP measurement.
Proposal 4: Relative accuracy of SSB based L1-RSRP in inter-frequency case is ±5.0 in FR1 and ±6.5 in FR2.
Proposal 5: Define test cases for accuracy requirements of SSB based L1-RSRP in inter-frequency case. One for FR1 and one for FR2.
Proposal 6: Specify the test cases for
· PCell switch delay
· PScell switch delay
· intra-frequency L1-RSRP measurement
· inter-frequency L1-RSRP measurement with Type 1 MG
· inter-frequency L1-RSRP measurement without gap
Details are shown in the following Table:
	Core requirements defined
	Detail 

	PCell Cell switch requirements
	A.6.3.x.1
· RACH based Cell switch from FR1 to FR1
· Intra-frequency cell switch

	
	A.6.3.x.2
· RACH-less Cell switch from FR1 to FR1
· Intra-frequency cell switch

	
	A.6.3.x.3
· RACH based Cell switch from FR1 to FR1
· Inter-frequency cell switch

	
	A.7.3.x.1
· RACH based Cell switch from FR2 to FR2
· Intra-frequency cell switch

	
	A.7.3.x.2
· RACH-less Cell switch from FR2 to FR2
· Intra-frequency cell switch

	
	A.7.3.x.3
· RACH based Cell switch from FR2 to FR2
· Inter-frequency cell switch

	PSCell cell switch
	A.6.3.y.1
· RACH based Cell switch from FR1 to FR1
· Intra-frequency cell switch

	
	A.7.3.y.1
· RACH based Cell switch from FR2 to FR2
· Intra-frequency cell switch

	UL transmit timing requirements
	No need to have independent test case as can be tested in TCs for cell switch requirements

	PDCCH-order RACH on neighbor cell
	A.6.5.x.1
· intra-frequency target cell in FR1
· RACH BW is within active BWP 

	
	A.6.5.x.2
· inter-frequency target cell in FR1
· RACH BW is outside any configured BWP

	
	A.7.5.x.1
· intra-frequency target cell in FR2
· RACH BW is within active BWP

	
	A.7.5.x.2
· inter-frequency target cell in FR2
· RACH BW is outside any configured BWP

	Intra-f L1-RSRP measurement for LTM

	A.6.6.x.1
· Intra-f L1-RSRP measurement in FR1
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP 
· Single frequency layer
· 1 serving cell, 2 neighbor cells

	
	A.7.6.x.1
· Intra-f L1-RSRP measurement in FR2
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP 
· Single frequency layer
· 1 serving cell, 2 neighbor cells, none of neighbor cells’ TCI state activated

	
	A.7.6.x.2
· Intra-f L1-RSRP measurement in FR2
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP 
· Single frequency layer
· 1 serving cell, 2 neighbor cells, one of neighbor cells’ TCI state activated

	Inter-f L1-RSRP measurement with MG
	A.6.6.y.1
· Inter-f L1-RSRP measurement with MG in FR1
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP
· 2 neighbor cells

	
	A.7.6.y.1
· Inter-f L1-RSRP measurement with MG in FR2
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP 
· 2 neighbor cells

	Inter-f L1-RSRP measurement without gap for LTM

	A.6.6.z.1
· Inter-f L1-RSRP measurement without gap in FR1
· RTD<CP
· Single frequency layer
· 2 neighbor cells

	
	A.7.6.z.1
· Inter-f L1-RSRP measurement without gap in FR2
· RTD>CP for UE capable of RTD>CP and RTD<CP for UE incapable of RTD>CP
· Single frequency layer
· 2 neighbor cells, none of neighbor cells’ TCI state activated


Proposal 7: No need to have independent test case for UL transmit timing requirements, as it can be tested in the test cases for RACH-less cell switch delay.
Proposal 8: The general test procedure of test cases on cell switch delay can be
· Test preparation
· Configuration of Candidate cell, L3 measurement and L1 measurement are configured
· UE has performed L3 measurement and L1 measurement on the target cell.
· TE has received valid L1 measurement report on the target cell
· T1
· T1 starts from a valid L1 report on target cell. TE then activates TCI state of target cell if UE supports pre TCI state activation on candidate cell(s).  
· If UE does not support pre TCI state activation on candidate cell(s), TE does not activate TCI state.
· T2 starts from the time that UE receives cell switch command. T2 equals to cell switch delay. 
· The time gap between cell switch command and TCI sate activation command is longer than the time duration to be discussed in core part.
· Check cell switch delay and interruption.
Proposal 9: For L1-RSRP measurement, define test cases in non-DRX mode only.
Proposal 10: The general test procedure of test cases on L1-RSRP measurement can be
· Test preparation
· Configuration of Candidate cell, L3 measurement and L1 measurement are configured
· UE has identified the neighboring cells and acquired SSB index before the test 
· T1
· In T1, RSRP of neighboring cells is RSRP1.
· T2 
· In T2, RSRP of neighboring cells is RSRP2. The difference between RSRP1 and RSRP2 should be larger enough to guarantee the reported results can be different in T1 and T2.
· Check the time that UE reports a different RSRP in T2.
Proposal 11: The general test procedure of test cases on PDCCH-order RACH can be
· Test preparation
· Configuration for Candidate cell, L3 measurement and L1 measurement, early UL sync are configured
· Before the test, TE has received valid L1 measurement report on the target cellT1
· T1
· T1 starts from network activating TCI state of target cell.
· T2 starts from UE receiving the PDCCH order. The duration of T2 covers PDCCH-order RACH delay, RACH transmission and the time needed to retuning back to serving cell.
· The time gap between PDCCH-order and TCI sate activation command is longer than the time duration to be discussed in core part.
· Check PDCCH-order RACH delay and interruption
· Check the delay and interruption that UE retunes back to serving cell
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