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1	Introduction
In RAN4#85, the following part is approved for UE measurement capability, which has been captured in the approved Ad-Hoc meeting minutes [1]: 
	· Option 3a: define requirements on minimum number of cells per frequency layer UE should monitor and minimum number of SSBs with different SSB index and/or different PCI per frequency layer UE should monitor with at least 1 SSB per cell
· All aforementioned requirements should be satisfied during the same measurement period
· Option3a applies to both FR1 and FR2. The exact UE requirements can be different for FR1 and FR2



For the exact UE requirement, although the frequency layer numbers for both intra- and inter-frequency measurement were decided, the part for minimum number of cells per frequency layer and minimum number of SSBs with different SSB index and/or different PCI per frequency layer UE should monitor are still FFS. Back to RAN4 NR#3, the following content has been approved for the detailed number of cells and beams [2]: 
	Definition of “Number of cells per frequency layer”:
· The UE SSB based measurement capability for the number of cells to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)
· Sub-6GHz:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [8] identified SSB based intra-frequency cells
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 
· mmWave:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [x] identified SSB based intra-frequency cells
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [y] cells per frequency layer 
· x, y and z are TBD

Definition of “Number of beams per frequency”:
· The UE SSB based measurement capability for the number of beams to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)
· Sub-6GHz:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [k1] identified SSB based intra-frequency beams per frequency layer
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [h1] identified SSB based intra-frequency beams per frequency layer
· mmWave:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [k2] identified SSB based intra-frequency beams per frequency layer
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [h2] identified SSB based intra-frequency beams per frequency layer



In this paper, we would like to provide our view on further remaining issues of measurement capability in both FR1 and FR2. 

2 Discussion
2.1 Cell Number for FR2
Different from the measurement capability for the number of cells to monitor in FR1, at least the following difference should be noticed for the cell number in FR2: 
· Much more baseband processing resource is needed for one FR2 cell, compared with FR1 cell. Compared with FR1, in which the maximum number of SSBs within SS burst set is 4 (for up to 3GHz) and 8 (for up to 6GHz), the maximum SSB number is up to 64 for FR2. Furthermore, RX beamforming sweeping employed in UE will also increase the burden for cell identification and measurement by multiple times. This implementation fact should be considered in defining measurement requirement for FR2. 
· The measurement period is expected to be much extended due to multiple RX beam candidates. Considering the limited measurement occasions (configured by SMTC), if a large number of cells required to be monitored, the actual measurement accuracy achievable in practice is questionable. 
· For intra-frequency measurement, substantial measurement occasions should be allocated for serving cell beam management purpose, including UE autonomous RX beam selection. This will further consume the occasion for both intra- and inter-frequency measurement. As illustrated in the below figure, some of SMTC occasions will be used for beam management for RX beam selection and SSB-based RLM-RS, and the actual occasions available for intra-frequency measurement will be decreased. 





Fig. 1 Occasions for intra-frequency measurement
· Based on system-level simulation results, most of companies’ simulation showed that 90% UEs will observe less than 8 cells; while for cell edge UEs which has more intention to monitor more cells, the actual detectable cell for 90% cell edge UEs is much reduced to less than 4 cell based on most companies’ results. 
Table. 1 Summary of System-Level Simulation from R4-1711682
	Source
	tdoc
	Frequency [GHz]
	Scenario
	ISD [m]
	No. of Tx beams at BS
	No. of Rx beams per UE
	Number of detectable cells for all UEs
	Number of detectable cells for cell edge UEs

	
	
	
	
	
	
	
	20%
	50%
	90%
	20%
	50%
	90%

	Nokia
	R4-1710720
	30
	UMa
	200
	11
	2
	2
	2.6
	3.8
	　
	　
	　

	Nokia
	R4-1710720
	30
	UMa
	200
	11
	2
	1.7
	2.5
	3.8
	
	
	

	NTT DOCOMO
	R1-1710940
	30
	UMa
	200
	16
	4
	3
	5
	7
	
	
	2

	NTT DOCOMO
	R1-1710940
	30
	UMa
	200
	16
	8
	3
	5
	8
	
	
	3

	Ericsson
	R4-1710286
	30
	UMA
	200
	16
	1
	3.5
	5.3
	8.7
	
	
	

	Ericsson
	R4-1710286
	30
	UMA
	200
	16
	4
	5.5
	8.2
	13.4
	
	
	

	MediaTek
	R4-1710668
	30
	UMa
	200
	16
	4
	2
	3
	4
	1
	1
	2

	Qualcomm
	R4-1711405
	30
	UMa
	200
	16
	4
	1
	2
	3
	
	
	

	LG 
	R4-1710858
	30
	Uma
	200
	16
	4
	　
	
	
	1
	2
	7

	Samsung
	R4-1711029
	30
	UMa
	200
	16
	8
	3
	4
	6
	1
	2
	4

	NTT DOCOMO
	R1-1710940
	30
	UMa
	200
	32
	4
	3
	5
	8
	
	
	3

	NTT DOCOMO
	R1-1710940
	30
	UMa
	200
	32
	8
	4
	6
	10
	
	
	3

	NTT DOCOMO
	R1-1710940
	30
	UMa
	200
	64
	4
	3
	5
	9
	
	
	3



· It should be noted that the simulation results are based on ideal assumptions for beam management, i.e., 
1) In simulation, UE will ideally chose the optimal RX beam pattern to detect neighboring cells, while in practice the RX beam sweeping time will be indispensable which means UE may not be able use the optimal beam pattern in a certain time point. 
2) In simulation, UE’s rotation and movement will further challenge the TX/RX beam choice made by UE, which means the actual detectable cell number will be further reduced. 
3) UE’s beam pattern modeling used in system-level simulation is very ideal case. As intensively discussed in RAN4 UE RF session, with practical implementation limits (such as full-screen display, phone case and other dimension limitation), the actual observed EIRP coverage will be much different from the ideal one used here. As illustrated in Fig.2, the display acts as a blocker which leads to the beam distortion, which will further decrease the number of detectable cells in FR2. With these practical limitation into account, the actual cell number needed to be monitored will be much less than the simulation results as above. 
[image: ]		[image: ]
Fig.2: Beam distortion by display; (a) without display, (b) with display
With the above analysis taken into account, we believe the following one will be the reasonable proposal for cell number in FR2: 
Proposal 1: In mmWave, 
- For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [4] identified SSB based intra-frequency cells.
- For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [2] cells per frequency layer.

2.2 Further Discussion on Beam Number per Frequency Layer
Although Option 3a is agreed in Reno meeting (i.e., define requirements on minimum number of cells per frequency layer UE should monitor and minimum number of SSBs with different SSB index and/or different PCI per frequency layer UE should monitor with at least 1 SSB per cell), the logic of adding the condition of “UE should monitor with at least 1 SSB per cell” is still questionable. 
Based on our understanding, UE’s measurement capability defined here means UE is capable of monitor this minimum number of cells per frequency layer and minimum number of SSBs with different SSB index and/or different PCI per frequency layer. In other words, this is the minimum capability UE should have, rather than the minimum number of cell/SSB number UE should monitor all the time. 
With the above fact, the UE capability for minimum [X] cells per frequency layer means UE has the capability at least to monitor [X] SSBs with different PCI, and for each cell obviously at least 1 SSB will be monitored. Therefore, for the sake of specification’s readability, the condition of “UE should monitor with at least 1 SSB per cell” should be removed. 
Proposal 2: No need to introduce the condition “UE should monitor with at least 1 SSB per cell”, in addition to the requirement of minimum number of cell per frequency layer and minimum number of SSBs per frequency layer. 

2.3 Beam Number for FR1 and FR2
For FR1, as agreed in previous RAN4 meeting, at least [8] identified SSB based intra-frequency cells need to be simultaneously monitored and at least [4] cells per frequency layer UE should monitor for SSB based inter-frequency measurement. For the number of different SSB index and/or different PCI per frequency layer UE should monitor, we have the following proposal, considering the tradeoff between UE implementation complexity and practical deployment scenario: 
Proposal 3: In sub-6GHz, 
- For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [12] identified SSB based intra-frequency beams per frequency layer.
- For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [8] identified SSB based inter-frequency beams per frequency layer.

For mmWave, similar to the analysis for the cell number, we have the following proposal
Proposal 4: In mmWave:
- For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [16] identified SSB based intra-frequency beams per frequency layer
- For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [8] identified SSB based inter-frequency beams per frequency layer. 

3 Conclusion
In this paper, we provided our view on further remaining issues of measurement capability in both FR1 and FR2., with the following proposals provided: 
Proposal 1: In mmWave, 
- For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [4] identified SSB based intra-frequency cells.
- For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [2] cells per frequency layer.

Proposal 2: No need to introduce the condition “UE should monitor with at least 1 SSB per cell”, in addition to the requirement of minimum number of cell per frequency layer and minimum number of SSBs per frequency layer. 

Proposal 3: In sub-6GHz, 
- For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [12] identified SSB based intra-frequency beams per frequency layer.
- For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [8] identified SSB based inter-frequency beams per frequency layer.
[bookmark: _GoBack]
Proposal 4: In mmWave:
- For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [16] identified SSB based intra-frequency beams per frequency layer
- For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [8] identified SSB based inter-frequency beams per frequency layer. 
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