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1
Introduction 
In last RAN4 meeting, there were progresses on UE measurement capability. The number of frequency layers to be monitored are agreed in [1] and [2]. One issue left is when MN and SN both configure measurement objects (MOs) on the same frequency, in what condition the two MO need to be counted as 2 frequency layers in UE’s measurement capability. In addition, all previous discussions of number of frequency layers to be monitored are only based on SSB. RAN4 needs to discuss the same capability when it comes to CSI-RS based RRM. In this paper, we cover these two open issues.
Regarding the number of beams and cells, RAN4 agreed the structure [3] in last meeting. 

	· 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 (DCM, MTK, LGE, Intel, Huawei,CATT, CMCC)
· 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


But still the exact numbers are not yet decided. Therefore, we also try to address this open issue for both SSB based and CSI-RS based RRM in this paper.
2
Numbers of frequency layers
Condition to treat 2 MOs with same frequency as 2 frequency layers
The current RRC parameters for MO are not finalized in RAN2 yet. Therefore, we propose some high-level rule for the condition when UE handles the 2 MO as 2 frequency layers in UE’s measurement capability. A high-level rule is to check whether UE can finish the measure job of these two MO at the same time. After RAN2 finalized the corresponding RRC parameters, discussion can be based on the ASN.1 code.
When MN and SN both configure MOs on the same frequency, UE treats them as two frequency layers if the following parameters are different:
1. RAT: Different RATs mean that the fundamental structures of frame, reference signals, measurement timing are different. UE even needs to handle it with different dedicated hardware. 
2. SCS: The issue of SCS is now becoming more complicated because of CSI-RS. We propose to adopt the following rules (assuming both are NR MOs)
· When the SSB SCSs of the 2 MO are different, UE cannot measure both of them at the same time, therefore they should be considered as 2 different frequency layers.
· If the SCS difference is between FDM-ed SSB and CSI-RS, then it should depending on UE’s capability of handling FDM-ed mix-numerology between data and sync. If UE has the capability, then the 2 MO can be merged as one frequency layer. Otherwise, they should be treated as 2 frequency layers. 
· If the SCS difference is between RE-overlapped SSB and CSI-RS, it should always be counted as 2 frequency layers, in spite of the UE capability.
3. SMTC: If the SMTCs indicated in the 2 MO are different, e.g., one with {periodicity, offset} ={80,0} and the other {80,20}, then UE is not able to measure these two layers at the same time. Moreover, the requirements are different if SMTC periodicities are different. From UE’s inter-frequency measurement scheduling viewpoint, UE needs to treat them as two frequency layers.
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4. RS timing relations to gap: If the OFDM symbols carrying SSB and CSI-RS cannot be covered one gap occasion, it will take UE extra time to complete measurements for SSB and CSI-RS. From UE’s inter-frequency measurement scheduling viewpoint, UE needs to treat them as two frequencies. Note that this could also possibly happen within one MO. 
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Proposal 1: When MN and SN both configure measurement objects on the same frequency, they should be counted as 2 frequency layers in UE measurement capability if

· The 2 MO indicated different RATs
· The SSB SCSs of the 2 MO are different

· The SCS difference is between FDM-ed SSB and CSI-RS and UE does not claim the capability of data-to-sync FDM-ed mix-numerology 
· The SCS difference is between RE-overlapped SSB and CSI-RS 
· The RS to be measured cannot be covered by the same gap occasion
Measurement capacity of CSI-RS

The number of frequency layers to be monitored based on CSI-RS has not yet been discussed in RAN4. Actually, one fundamental difference between SSB and CSI-RS is that UE cannot detection cell and beam based on CSI-RS. UE needs to detect SSB first before measuring CSI-RS in order to provide the information such as timing (frame, slot, symbol, and propagation delay), frequency offset and neighbouring cell list. 
Therefore, it would be good if network always configures CSI-RS based measurement under the MO that UE already needs to perform SSB based measurement, as shown in Figure 1(a). Even there is an MO with only CSI-RS based measurement configured, UE still needs to perform cell identification on that frequency of MO based on SSB, as shown in Figure 1(b). In short, SSB based cell/beam search is unavoidable. 
Based on above discussion, we think there is no need to add new measurement capability for the number of frequency layers to be monitored based on CSI-RS. The agreed numbers can be directed by shared by both SSB and CSI-RS, i.e., Nfreq, NR = Nfreq, NR, SSB+ Nfreq, NR, CSI-RS.
Proposal 2: The agreed numbers of frequency layers to be monitored can be directly shared by both SSB and CSI-RS i.e., Nfreq, NR = Nfreq, NR, SSB+ Nfreq, NR, CSI-RS.
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Figure 1. Relation between SSB and CSI-RS based measurement 
3
Numbers of beams and cells 
In this section, we first discuss the number of beams and cells that UE should monitored for SSB-based measurement. Then we discuss how the capability to be extended to CSI-RS.

Regarding SSB, the system-level simulation results for FR1 and FR2 in [4] and [5] are summarize in Table 1 and Table 2, respectively. We can see that the numbers of detectable beams and cells are not that many. This implies that it is possible to keep similar measurement complexity as LTE. Therefore, we think most of the LTE capability can be reused, e.g., 8 cells in intra-frequency and 4 cells in inter-frequency. Also, we suggest also total 8 beams in intra-frequency and total 4 beams in inter-frequency, meaning roughly one beam per cell, in order to keep similar complexity as LTE. We do not need to mandate the number of beams per cells so that UE can have the freedom to measure some beams for particular cells, when UE observe multiple strong beams from the same cell.
Proposal 3: For SSB based measurement in FR1,


· UE is required to at least simultaneously monitor 8 identified cells and 8 identified beams in intra-frequency layer

· UE shall be capable of performing measurements of at least 4 identified cells and 4 identified beams per inter-frequency layer

Table 1. x%-ile CDF of number of detectable cells and detectable beams in FR1
	1 Tx beam per cell

	
	# of detectable cells
	total # of detectable beams
	# of detectable beams per serving cell
	# of detectable beams per neighbor cell

	
	
	With serving cell
	Without serving cell
	
	

	x%-ile CDF
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90

	cell edge
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	0

	all
	1
	1
	2
	1
	1
	2
	0
	0
	1
	1
	1
	1
	0
	0
	1

	4 Tx beam per cell

	
	# of detectable cells
	total # of detectable beams
	# of detectable beams per serving cell
	# of detectable beams per neighbor cell

	
	
	With serving cell
	Without serving cell
	
	

	x%-ile CDF
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90

	cell edge
	1
	1
	3
	1
	2
	3
	0
	0
	2
	0
	0
	2
	0
	0
	0

	all
	1
	2
	4
	3
	5
	6
	0
	2
	4
	2
	3
	4
	1
	1
	2


For the FR2 part, we think the number of detectable cells can simply follow those in FR1, because this is not a dominant parameter in UE’s measurement complexity. Regarding the number of detectable beam per frequency, we observed that even with 64 Tx beams per cell, the 90#-ile of cell edge can still detect no more than 11 beams, including beams from serving cells. To allow some margin due to limited simulation scenarios and uncertainties in real network deployment, we think 16 identified beams can be adopted in both intra and inter frequency.
Proposal 4: For SSB based measurement in FR2,


· UE is required to at least simultaneously monitor 8 identified cells and 16 identified beams in intra-frequency layer

· UE shall be capable of performing measurements of at least 4 identified cells and 12 identified beams per inter-frequency layer
Table 2. x%-ile CDF of number of detectable cell and detectable beams in FR2
	16 Tx beams per cell

	
	# of detectable cells
	total # of detectable beams
	# of detectable beams per serving cell
	# of detectable beams per neighbor cell

	
	
	with serving cell
	without serving cell
	
	

	x%-ile CDF
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90

	cell edge
	1
	1
	3
	1
	2
	5
	0
	0
	3
	0
	0
	2
	0
	0
	3

	all
	2
	3
	5
	5
	13
	23
	1
	5
	15
	6
	7
	13
	1
	2
	5

	32 Tx beams per cell

	
	# of detectable cells
	total # of detectable beams
	# of detectable beams per serving cell
	# of detectable beams per neighbor cell

	
	
	with serving cell
	without serving cell
	
	

	x%-ile CDF
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90

	cell edge
	1
	1
	2
	2
	3
	5
	0
	0
	2
	2
	2
	4
	0
	0
	2

	all
	2
	3
	6
	11
	27
	45
	2
	10
	25
	6
	15
	26
	1
	3
	10

	64 Tx beams per cell

	
	# of detectable cells
	total # of detectable beams
	# of detectable beams per serving cell
	# of detectable beams per neighbor cell

	
	
	with serving cell
	without serving cell
	
	

	x%-ile CDF
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90

	cell edge
	1
	1
	3
	4
	6
	11
	0
	0
	5
	3
	4
	7
	0
	2
	5

	all
	2
	4
	6
	24
	54
	92
	4
	19
	52
	12
	31
	52
	2
	5
	20


Regarding the number of cells to be monitored based on CSI-RS, it is very similar to what we have discussed in the number of frequency layers. The basic idea is the same: It is not possible for UE to detect cells based on CSI-RS. All cells detected are only based on SSB. In our understanding, it is one of the intentions that RAN1 introduces the association between CSI-RS and SSB. Therefore, we have similar proposal here. 
Proposal 5: The capability of numbers of cells to be monitored by UE is shared by both SSB and CSI-RS.

Regarding the number of beams to be monitored based on CSI-RS, we need to first clarify the corresponding UE behavior. In our understanding, they are 2 types of CSI-RS configurations, depending on relation to SSB.
· CSI-RS with association to SSB: For this type of CSI-RS configuration, UE is not required to perform measurement on those CSI-RS with which the associated SSB (with a specific cell ID and SSB time index) cannot be detected from cell/beam search. In other word, UE can first use this association to filter out some CSI-RS configurations to be measured. This is a reasonable UE behaviour, because the association implies the CSI-RS comes from the same cell and the same beam direction as the SSB. If the UE cannot even detect the cell and the SSB in that direction, then UE of course needs not spend time and power on the corresponding CSI-RS. A lot of UE complexity in CSI-RS based measurement can be saved.
· CSI-RS without association to SSB: For this type of CSI-RS configuration, RAN1 agreed that UE can assume the sync information follows the serving cell. Therefore, it can only be configured for intra-frequency case. However, since UE has no further knowledge of the beam direction, UE is forced to measure all CSI-RS of this type. 
Observation 1: For CSI-RS configurations with association to SSB, UE is not required to perform measurement on them if the associated SSB cannot be detected.
Observation 2: For CSI-RS configurations without association to SSB, UE is forced to perform measurement on all of them.

Currently, RAN1 is still discussing the maximum number of 

· CSI-RS configurations without association and
· CSI-RS configurations that are associated to the same SSB

It is needed to first wait for the decision in RAN1, and then RAN4 can conduct the system-level simulation to help determining the number of CSI-RS to be monitored by UE.  
Proposal 6: RAN4 to wait for RAN1’s decision on maximum CSI-RS configurations before conducting system-level simulation to determine the number of CSI-RS to be monitored By UE.
4
Summary 
In this contribution, we provide our views on UE measurement capability for both SSB and CSI-RS. We have the following observations and proposals:
Observation 1: For CSI-RS configurations with association to SSB, UE is not required to perform measurement on them if the associated SSB cannot be detected.
Observation 2: For CSI-RS configurations without association to SSB, UE is forced to perform measurement on all of them.
Proposal 1: When MN and SN both configure measurement objects on the same frequency, they should be counted as 2 frequency layers in UE measurement capability if
· The 2 MO indicated different RATs
· The SSB SCSs of the 2 MO are different

· The SCS difference is between FDM-ed SSB and CSI-RS and UE does not claim the capability of data-to-sync FDM-ed mix-numerology 

· The SCS difference is between RE-overlapped SSB and CSI-RS 
· The RS to be measured cannot be covered by the same gap occasion
Proposal 2: The agreed numbers of frequency layers to be monitored can be directly shared by both SSB and CSI-RS i.e., Nfreq, NR = Nfreq, NR, SSB+ Nfreq, NR, CSI-RS.
Proposal 3: For SSB based measurement in FR1,
· UE is required to at least simultaneously monitor 8 identified cells and 8 identified beams in intra-frequency layer

· UE shall be capable of performing measurements of at least 4 identified cells and 4 identified beams per inter-frequency layer

Proposal 4: For SSB based measurement in FR2, 

· UE is required to at least simultaneously monitor 8 identified cells and 16 identified beams in intra-frequency layer

· UE shall be capable of performing measurements of at least 4 identified cells and 12 identified beams per inter-frequency layer
Proposal 5: The capability of numbers of cells to be monitored by UE is shared by both SSB and CSI-RS.
Proposal 6: RAN4 to wait for RAN1’s decision on maximum CSI-RS configurations before conducting system-level simulation to determine the number of CSI-RS to be monitored By UE.
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