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Introduction
In Last RAN4 meeting, Intel had a discussion paper for analysis on CSI-RS RRM requirement necessity [1] and a wayforward during the last meeting was also discussed [2], some of the content in the WF was duplicated as below,
	· At least the following requirement should be defined in Rel-15
· UE measurement capability regarding CSI-RS based RRM measurement
· Radio link monitoring (including beam failure recovery) 
· Intra-frequency CSI-RS based RRM measurement for serving cell
· RAN4 should investigate the justification to further introduce CSI-RS RRM requirements, which at least include
· Gap sharing between SSB based and CSI-RS based measurement
· Intra-frequency CSI-RS based RRM measurement for neighbor cell
· Inter-frequency CSI-RS based RRM measurement 


To follow up the discussion in last meeting, we would like to discuss the requirement necessity based on the following table 1:
Table 1. Necessity analysis for CSI-RS RRM
	Frequency range
	Purpose
	Target cell
	Necessity
	Comment

	FR1
	RLM
	Serving cell
	
	

	
	Beam management
	Serving cell
	
	

	
	Measurement
	Neighbour cell
	
	

	FR2
	RLM
	Serving cell
	
	

	
	Beam management
	Serving cell
	
	

	
	Measurement
	Neighbour cell
	
	


Gain by using CSI-RS in the mobility
· RLM (serving cell)
As discussed in last meeting, serving cell may choose the different RLM resource for UE to perform the RLM, if CSI-RS is configured as one of the RLM resource, network will also schedule the CSI-RS for UE reception.
For FR2, since the serving cell data transmission will probably use the multiple narrow beams to enhance data reception quality and throughput for UE reception, the CSI-RS can be used to provide higher resolution for Tx beams. The RLM is used to reflect the radio link quality (most likely to reflect the data/RRC link quality), then it is helpful for serving cell to use CSI-RS for RLM. On the other hand, the RLM resource assignment and CSI-RS scheduling is also under fully control by the serving cell, no any exception will be observed (e.g. CSI-RS is configured as RLM resource but no CSI-RS is scheduled to this UE).
For FR1, even though the Tx beams could still be used, but the beam number will be much less than FR2 case. However, in RAN1 it was concluded that,
· UE is not required to perform RLM measurements outside the active DL BWP
If SSB is not located in the current active BWP, UE may not able to conduct the SSB based RLM in this scenario. So in order to maintain the RLM function of UE, CSI-RS can be used for RLM within active BWP which doesn’t have SSBs.
So based on the above analysis, we think the RAN4 requirements for CSI-RS based RLM is necessary.
Proposal 1: the RAN4 requirement for CSI-RS based RLM is necessary.
· Beam management (serving cell)
The beam management for serving cell for both FR1 and FR2 has some of the scenarios which were approved in RAN1 (#90 meeting):
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)
Since CSI-RS only is also a mandatory solution supported by UE, then we agree to define the requirements for CSI-RS based beam management for serving cell. However, it need to further study if this requirement shall be captured in RRM spec or demod spec.
Proposal 2: the RAN4 requirement for CSI-RS based beam management for serving cell is necessary, but it’s FFS whether this requirement shall be captured in RRM spec or demod spec.
· Measurement (neighbour cell)
The CSI-RS based measurement for neighbour cell is the most controversial case to discuss. 
First of all, the CSI-RS from neighbour cell cannot be controlled by current serving cell of UE, that means, serving cell cannot always configure the CSI-RS from neighbour cell to be a measurement object for the UE (whether or not CSI-RS exist in neighbour cell is out of control of the current serving cell). Regarding beamforming, CSI-RS in neighbour cell (e.g. cell2) may be configured in a certain range of Tx beam directions for the UE (e.g. UE 2) belonging to the neighbour cell (e.g. cell2), however those Tx beam directions might not cover the current UE (e.g. UE 1) who’s doing measurement in current serving cell (e.g. cell 1), that is,  this CSI-RS from neighbour cell cannot be even detected by the current UE (e.g. UE 1). The main reason is the CSI-RS in neighbour cell is not scheduled for current UE measurement in serving cell.
Secondly, we need to investigate the gain from CSI-RS based measurement over the SSB based measurement. One thing we analysed is in our contribution for last RAN4 meeting [1], duplicate the text as below,
	One of the most important gains from CSI-RS based RRM is more options on the reference signal BWs, that is, more BW candidates for CSI-RS which can support wider BW. The candidate of CSI-RS-measurementBW-size are {24, 48, 96, 192, 268} PRBs, and therefore it may increase the accuracy/delay for measurement or cell/beam measurement or improve the reliability of RLM evaluation. 
However, current SSB based RRM can at least fulfil the basic mobility performance requirement for the NR network since the mobility impact is always one of the criteria to define the requirement during SSB related RRM discussion. In that sense, the SSB based RRM requirement can at least meet the basic mobility demand in NR system. 
In LTE requirements, the minimum CRS measurement BW is 6PRBs when the system BW can be up to 20MHz(100PRBs),  and for NR FR1 RRM, 20PRBs SSBs are used when the system BW can be up to 50MHz(270PRBs) for SCS=15kHz and 100MHz(273PRBS) for SCS=30kHz (the available reference signal REs per PRB used for measurement can also be more than LTE case if also take DMRS into account). For FR2 RRM, since higher SCS is used and the maximum CBW is 400MHz for SCS=120kHz and 200MHz for SCS=60kHz, the system BW occupy 264 PRBs for both 60kHz and 120kHz SCS. So based on the bandwidth configuration of NR in TS38.104, the following table can be summarized,
	RAT
	Max CBW
	Minimum measurement BW(RS_BW)
	Percentage relation = RS_BW/CBW

	LTE (SCS=15kHz)
	100PRBs
	6PRBs
	6%

	NR FR1(SCS=15kHz)
	270PRBs
	20PRBs
	7.4%

	NR FR1(SCS=30kHz)
	273PRBs
	20PRBs
	7.3%

	NR FR1(SCS=60kHz)
	135PRBs
	20PRBs
	14.8%

	NR FR2(SCS=60kHz)
	264PRBs
	20PRBs
	7.6%

	NR FR2(SCS=120kHz)
	264PRBs
	20PRBs
	7.6%


So regarding the percentage relation between reference signal and system BW, the SSB based RRM measurement can support the basic mobility demand for NR.(here we use LTE case as a baseline for comparison).


We also did some simulation to evaluate the gain from using CSI-RS based measurement for neighbour cell, and we evaluated five different cases:
The max CBW is 273PRBs when SCS=30kHz, which is the biggest PRB number among all SCS cases. So we use 30kHz SCS for simulation.
· Case 1: CBW = 100MHz, and UE measure 100MHz CSI-RS, SSB is located in the center 20PRBs of CBW
· Case 2: CBW = 20MHz, and UE measure 20MHz CSI-RS, SSB is located in the center 20PRBs of CBW
· Case 3: CBW =100MHz, and CSI-RS is available in BWP of 50MHz(BWP is configured at the edge of entire CBW), SSB is located in the center 20PRBs of CBW
· Case 4: CBW =100MHz, and CSI-RS is available in BWP of 10MHz (BWP is configured at the edge of entire CBW), SSB is located in the center 20PRBs of CBW
· Case 5: CBW = 100MHz, and measured CSI-RS is 50/20/10MHz, SSB is located in the center 20PRBs of CBW
	Case 1:
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	Case 2:
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	Case 3:
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	Case 4:
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	Case 5:
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The performance difference between SSB and CSI-RS in above graphs include the measurement accuracy and genie difference, and the difference is quite smaller than the accuracy requirement (we used LTE RSRP accuracy as baseline). In that sense, whether using SSB or using CSI-RS will not be much different to the mobility performance. However, measurement for large BW of CSI-RS will introduce additional complexity to UE implementation (large FFT will be always used to neighbour cell measurement).
Based on the above analysis, we propose that,
Proposal 3: the RAN4 requirement for CSI-RS based measurement for neighbour cells is unnecessary.
The summary table is as below,
Table 2. Intel proposal on necessity of CSI-RS RRM
	Frequency range
	Purpose
	Target cell
	Necessity
	Comment

	FR1
	RLM
	Serving cell
	Needed
	

	
	Beam management
	Serving cell
	Needed
	FFS whether this requirement shall be captured in RRM spec or demod spec

	
	Measurement
	Neighbour cell
	Not needed
	

	FR2
	RLM
	Serving cell
	Needed
	

	
	Beam management
	Serving cell
	Needed
	FFS whether this requirement shall be captured in RRM spec or demod spec

	
	Measurement
	Neighbour cell
	Not needed
	



Conclusion
To follow up the discussion in last meeting, we would like to propose the requirement necessity as in the following table:
	Frequency range
	Purpose
	Target cell
	Necessity
	Comment

	FR1
	RLM
	Serving cell
	Needed
	

	
	Beam management
	Serving cell
	Needed
	FFS whether this requirement shall be captured in RRM spec or demod spec

	
	Measurement
	Neighbour cell
	Not needed
	

	FR2
	RLM
	Serving cell
	Needed
	

	
	Beam management
	Serving cell
	Needed
	FFS whether this requirement shall be captured in RRM spec or demod spec

	
	Measurement
	Neighbour cell
	Not needed
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