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Introduction
According ro the work plan of RAN plenary, discussion of CSI-RS based measurements starts from RAN4 #AH 1801. In this contribution we provide some initial considerations on the measurement periods of CSI-RS based measurements.
Discussion on time-domain locations of CSI–RS resource for mobility
Until now, RAN1 have already reached the following agreements on CSI-RS based measurements for mobility:
	RAN1 #88b Agreements:
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:
· Design:
· Reuse CSI-RS design for beam management as baseline
· Identify additional requirements on the CSI-RS to support L3 mobility
RAN1 #90 Working assumptions:
· Design of [1 or 2] port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility
· Values of D for CSI-RS for beam management are reused for CSI-RS for L3 mobility
· FFS: maximum number of CSI-RS resources in total for L3 mobility that can be configured to a UE
· For one cell, all CSI-RS resources for L3 mobility are confined to X slot(s)
· FFS: value of X
RAN1 #91 Agreements:
· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer
· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer
· In this case, UE may assume that the carrier is synchronized with the serving cell.
· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected


So the total number of CSI-RS resources configured per frequency layer will be 96 or some comparable value. But no conclusion is reached on the relative positions of these resources. There is only one working assumption that all CSI-RS resources for mobility purposes of one cell will be confined in X slots. Overall, network has been given huge freedom to configure the time-domain location of CSI-RS resources. Actually CSI-RS resource can be distributed over every slot in the CSI-RS periodicity. However, too much freedom on configuration of CSI-RS resources brings problems from both network side and UE side.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]From network side, too flexible CSI-RS configuration may result in a very scattered distribution of CSI-RS resources, so measurement gap cannot be effectively used for inter-frequency measurement case. For example, in the case of figure 1a only a small part of measurement gap is exploited. This obviously leads to substantial loss of scheduling opportunities. On the other hand, Scattered CSI-RS configurations also increase the complexity of UE implementation because it is more difficult for UE to decide when and where to perform measurements. Therefore, it is beneficial to make the time-domain locations of CSI-RS resources configured for one carrier be relatively concentrate (figure 1b) no matter from the aspect of network or from the aspect of UE.
Observation 1: it is beneficial to make the time-domain locations of CSI-RS resources configured for one carrier be relatively concentrate no matter from the aspect of network or from the aspect of UE.


Figure 1a. Demonstration of the scattered distribution of CSI-RS resources



Figure 1b. Demonstration of the concentrated distribution of CSI-RS resources

A good reference of the configuration of CSI-RS resources for mobility is the measurements based on discovery signals in LTE. In LTE, discovery signal, which can either be CRS or CSI-RS, is used for small cell detection and RRM measurements. Network need to ensure that the transmission of Discovery reference signal (DRS) occasions of all cells on a given carrier frequency are aligned within the window of discovery measurement timing configuration (DMTC). So UE can assume the presence of DRS only during the DMTC and only needs to perform measurements based on DRS during DMTC. Because NR has already introduced SMTC for SSB based measurements, introducing the concept CSI-RS measurement timing configuration for CSI-RS based measurement should be a good solution.
Proposal 1: Introducing CMTC for CSI-RS based measurements should be discussed. 
· CMTC: CSI-RS measurement timing configuration
Discussion on measurement periods
The measurement periods for CSI-RS based measurement may be finally determined based on link-level simulation results so it may be a little too early to discuss the measurement period. However, we still can carrying out some analysis based on the conclusion that already made for SSB based measurements. 
In RAN4 #85 some LLS results of SSB based RSRP measurements are provided [3]. Based on these results. The measurement periods for intra-frequency SSB based measurements without measurement gaps in FR1 is chosen to be , and measurement periods for intra-frequency SSB based measurements with measurement gaps in FR1 is chosen to be . These measurement periods are determined based on the observation that UE needs 5 or more samples to achieve a better accuracy performance than LTE for SS-RSRP measurements. In each SSB there are 127 REs that carry SSS hence the total number of REs for SSS in 5 samples are 635. If we want to achieve a comparable accuracy performance for CSI-RSRP, the number of REs for CSI-RS should also be similar.
The CSI-RS configuration parameters table agreed in RAN1 #91 is given as follows (unrelated parameters are removed for sake of simplify):
	Parameter Name
	Description
	Candidate values

	slotConfig
	Contains periodicity and slot offset for periodic/semi-persistent CSI-RS
FFS slot offset details (no additional RRC impact)
	Periodicity: {5, 10, 20, 40} msec
Offset: 0, 1, …, P-1 slots, where periodicity P is in terms of slots in the CSI-RS numerology

	Measurement-BW
	Allowed measurement BW for CSI-RS
	BW size: {24, 48, 96, 192, 268} PRBs in CSI-RS numerology
Starting PRB index: {0, 1, …, [251](=274-24+1)]} PRBs with respect to PRB0 in CSI-RS numerology

	RE-Mapping-Pattern
	RE mapping pattern for a CSI-RS resource
	Adopt the parameter values agreed in BM

	Density
	Frequency domain density for the 1-port CSI-RS
	{1,3}


And it is agreed in RAN1 #91 that only one port CSI-RS will be used for mobility hence there won’t be any OCC. As a result, The REs that carry CSI-RS in one CSI-RS resource will be , where
·  is the measurement bandwidth (in RBs) for CSI-RS.  can be 24, 48, 96, 192, 268;
·  is the frequency domain density for CSI-RS.  can be 1 or 3.
So we at least need  samples to collect enough CSI-RS REs for CSI-RS RSRP measurements. So it is reasonable to let the measurement period of CSI-RS measurements be inversely proportional to  because  determines the number of CSI-RS REs in each CSI-RS resource. 
Proposal 2: the measurement period for intra-frequency CSI-RS based measurements should be proportional to .
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: it is beneficial to make the time-domain locations of CSI-RS resources configured for one carrier be relatively concentrate no matter from the aspect of network or from the aspect of UE.
Proposal 1: Introducing CMTC for CSI-RS based measurements should be discussed. 
· CMTC: CSI-RS measurement timing configuration
Proposal 2: the measurement period for intra-frequency CSI-RS based measurements should be proportional to .
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