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Introduction
Definition of CSI-RS based measurement was discussed in RAN1 and RAN4. The following agreement was finally captured in RAN1 #89:
	Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Periodic CSI-RS transmission with configurable periodicity
· Note that CSI-RS transmission can be turned on and off
· FFS: candidate periodicity values
· Configurable transmission/measurement bandwidth
· FFS: whether/how transmission and/or measurement bandwidth is indicated to UE
· Configurable CSI-RS time/frequency resource
· Note that this property is the same with that for beam management based on CSI-RS
· Note that the numerology for CSI-RS should consider neighbor cell measurement aspects


In this contribution we provide some initial considerations on this topic.
Discussion on CSI–RS measurements
In NR, UE may need to evaluate multiple CSI-RS based measurements in one slot for variety proposes. Due to the different distance between UE and cells, the arrival timing of the measurement resources for each CSI-RS measurement may be different. It is very likely that the timing difference between the measurement resources from different target cells exceeds the length of CP, as depicted in fig.1. As a result, it is not possible to process multiple measurement resources simultaneously by single FFT. To improve the accuracy of CSI-RS measurements. It is desired to evaluate each measurement according to its timing. Then it will bring an impact on the hardware implementation of UE.


Figure 1. Demonstration of the timing difference between different CSI-RS measurement resources
The parallel structure
There are two main ways to evaluate multiple CSI-RS measurements. First way is to handle each CSI-RS measurement by a separate FFT module, as depicted in fig. 2. One FFT module is allocated for each CSI-RS measurement. As a result, all measurements can be evaluated in parallel. The benefit of parallel processing is lower processing latency. However, the main drawback of the parallel structure is that multiple FFT modules consumes more hardware resources. 


[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Figure 2 Demonstration of the parallel structure
Observation 1: Using multiple FFTs to handle CSI-RS measurements in parallel is hardware-consuming.
The serial structure
The second way is to use a buffer to storage all sample values in a buffer and use a sliding FFT window to do all the measurements, as depicted in fig.2. UE uses a buffer to store all the sampling values. By using serial structure UE needs only one FFT module. However, if UE wants to store all samples in the buffer, the size of buffer may become a problem. On one hand, the samples stored for each measurement is directly determined by the measurement bandwidth of the CSI-RS measurement resources. On the other hand, buffer size is also related to the number of CSI-RS based measurements. If the buffer is too large, it will consume too many hardware resources, and if the cache is too small, some samples will be lost and UE will suffer from the performance degradation. 


Figure 3 Demonstration of the serial structure
Observation 2: The size of buffer depends on both the measurement bandwidths of CSI-RS based measurements and the number of CSI-RS based measurements to evaluate in one slot.
Proposals
From the implementation point of view, large measurement bandwidth will bring high sampling rate, it is a challenge to UE processing capacity no matter parallel structure or serial structure is applied. The configuration of the measurement bandwidth is specified in [2] as follows:
	CSI-RS-ResourceConfig-Mobility ::= 		SEQUENCE {
	-- MO specific values
csi-rs-MeasurementBW					SEQUENCE {
		csi-rs-measurementBW-size			ENUMERATED { size24, size48, size96, size192, size268},
		csi-rs-measurement-BW-start			ENUMERATED {ffsTypeAndValue},
		associated-SSB						ENUMERATED {ffsTypeAndValue},
		qcled-SSB							BOOLEAN,
		isServingCellMO						BOOLEAN
}
	-- subcarrier spacing of CSI-RS. It can take the same values available also for the data channels and for SSB
[bookmark: _Hlk500775173]	subcarrierSpacing						SubcarrierSpacing,
    -- List of resources
	csi-rs-ResourceList-Mobility 	SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM))	OF CSI-RS-Resource-Mobility
}


So the measurement bandwidth of CSI-RS in NR can be as high as 268 RBs. Furthermore, the SCS of CSI-RS can be up to 240 KHz in FR2. So the maximum measurement bandwidth of CSI-RS is 771.840MHz which is too big. So it is needed to limit the configurable measurement bandwidth values and the maximum number of CSI-RS based measurements to evaluate in one slot for each CSI-RS SCS.
Based on above discussion, we have the following proposals. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 1: The configurable measurement bandwidth values of CSI-RS measurement under each SCS value should be limited.
Proposal 2: The maximum number of CSI-RS measurements to be evaluate in one slot should be limited.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In our opinion, it makes sense to make the maximum measurement bandwidth of CSI-RS based measurement be comparable with the maximum measurement bandwidth of SSB based measurements. The maximum measurement bandwidth of SSB based measurement UE needs to support is 57.6MHz (20RB, 240KHz), it will be no big problem to support a measurement bandwidth of 69.12MHz (24RB, 240KHz)。Use this value as a reference, we propose that:
Proposal 3: The configurable measurement bandwidth values of CSI-RS measurement under each SCS value are given by the following table.
	Subcarrier spacing of CSI-RS (in KHz)
	measurement bandwidth values for CSI-RS based measurements (in RBs)

	15
	24, 48, 96, 192, 268

	30
	24, 48, 96, 192

	60
	24, 48, 96

	120
	24, 48

	240
	24


Table 1. Configurable CSI-RS measurement bandwidth for each SCS
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]As mentioned in previous section, the buffer size is related to both bandwidth and the number of measurements to be evaluated in one slot. So the number of measurements to evaluate in one slot should be smaller for bigger bandwidth. We propose that
Proposal 4: For each CC, the maximum number of CSI-RS measurements to evaluate in one slot for is given by the following table.
	           SCS (KHz)
Bandwidth (RB)  
	15
	30
	60
	120
	240

	24
	4
	4
	4
	2
	1

	48
	4
	4
	2
	1
	N/A

	96
	4
	2
	1
	N/A
	N/A

	192
	2
	1
	N/A
	N/A
	N/A

	268
	1
	N/A
	N/A
	N/A
	N/A


Table 2. Maximum number of CSI-RS measurement in one slot for each CC
Conclusion
In this contribution we provide our view on bandwidth of CSI-RS measurements in NR. After discussion, the following observations and conclusions are made:
Observation 1: Using multiple FFTs to handle CSI-RS measurements in parallel is hardware-consuming.
Observation 2: The size of buffer depends on both the measurement bandwidths of CSI-RS based measurements and the number of CSI-RS based measurements to evaluate in one slot.
Proposal 1: The configurable measurement bandwidth values of CSI-RS measurement under each SCS value should be limited.
Proposal 2: The maximum number of CSI-RS measurements to be evaluate in one slot should be limited.
Proposal 3: The configurable measurement bandwidth values of CSI-RS measurement under each SCS value are given by the following table.
	Subcarrier spacing of CSI-RS (in KHz)
	measurement bandwidth values for CSI-RS based measurements (in RBs)

	15
	24, 48, 96, 192, 268

	30
	24, 48, 96, 192

	60
	24, 48, 96

	120
	24, 48

	240
	24


Table 1. Configurable CSI-RS measurement bandwidth for each SCS
Proposal 4: For each CC, the maximum number of CSI-RS measurements to evaluate in one slot for is given by the following table.
	           SCS (KHz)
Bandwidth (RB)   
	15
	30
	60
	120
	240

	24
	4
	4
	4
	2
	1

	48
	4
	4
	2
	1
	N/A

	96
	4
	2
	1
	N/A
	N/A

	192
	2
	1
	N/A
	N/A
	N/A

	268
	1
	N/A
	N/A
	N/A
	N/A


Table 2. Maximum number of CSI-RS measurement in one slot for each CC
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