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1. Introduction

CSI-RS based RRM requirement was deprioritized in the phase of NSA standardization in RAN4 RRM. According to the WID, CSI-RS based RRM requirement is expected to be finalized in June. Considering only 4 meetings left, RAN4 shall start our work immediately.
In this contribution, we briefly summarize the progress of CSI-RS design related to RRM measurement, and then preliminarily provide the scope of CSI-RS based RRM requirement. After discussion, a RAN4 RRM work plan on CSI-RS is also provided.
2. Discussion
According to RAN1 design, CSI-RS can be used for multiple purposes, e.g. beam management, RLM, L3 mobility and etc. From RRM perspective, the most critical aspect is about CSI-RS measurement. Informatively, here we list the properties of CSI-RS for RRM measurement:
	Properties (Configurable)
	Comments

	periodicity
	{5, 10, 20, 40, [80, 160]} ms are supported.
This does not mean periodicity will be configured per CSI-RS resource

	transmission bandwidth 
	FFS candidate values

	CSI-RS port
	[1 or 2] ports for beam management CSI-RS is reused

	RE density D
	Reuse beam management design

	CSI-RS timing/duration
	all CSI-RS resources for L3 mobility for one cell are confined to X slot(s)

	measurement bandwidth and frequency location
	At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported

	parameters for sequence generation 
	CSI-RS sequence seed to generate CSI-RS sequence is UE-specifically configured

	numerology
	For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported

	Association between CSI-RS for RRM measurement and SS block
	It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused

	CSI-RS time/frequency resource 
	CSI-RS design including RE mapping and density for beam management is assumed as baseline


When UE is configured to do the CSI-RS based RRM measurement, the above parameters should be indicated to the UE. Additionally, time and frequency synchronization should be acquired before UE can do the CSI-RS measurement. 
In frequency domain, UE needs to know the PRB location of the CSI-RS resource to be measured. This information shall be included in measurement configuration. In time domain, network can also provide the relative timing information to the UE, e.g. in which slot and which symbol. However, UE also needs to know the absolute timing information of target cell. To acquire the full timing information, PSS/SSS detection is necessary. Even though network can indicate that target cell is synchronous (by using useServingCellTimingForSync), it only means that UE may not need to decode MIB (for the SSB index, SFN information, half-frame indication and etc), PSS/SSS detection is still needed. Considering 3km cell radius difference between serving and neighbor cell, the propagation delay difference (RSTD) could be up to 10us, which is larger than CP duration even in 15KHz SCS scenario, not to mentioned larger SCS scenarios. Thus if UE perform measurement on neighbor cell based on such coarse timing synchronization, poor measurement performance can be achieved. Therefore, the IE useServingCellTimingForSync can provide coarse timing synchronization to let UE know the SSB index. It cannot provide fine timing synchronization for UE to do the measurement.
Thus if UE is going to do the measurement on an unknown cell, it has to perform PSS/SSS detection first, even if it is indicated with useServingCellTimingForSync = true.
Observation 1: before performing CSI-RS measurement on an unknown cell, UE first needs to acquire fine timing synchronization by detecting SSB.

Observation 2: unless indicated with useServingCellTimingForSync = true, UE has to read MIB before it can perform CSI-RS measurement on an unknown cell.
The aforementioned ob1 and ob2 could be reflected in CSI-RS measurement reporting, which can be found in our companion contribution. With full timing information and the CSI-RS configuration, UE can perform CSI-RS measurement. One thing should highlighted is that CSI-RS resource used for measurement is per UE configured. And the time location of CSI-RS resource used for measurement could be different from that of SSB in the target cell. In other words, CSI-RS resource could be outside the SMTC window. This would make measurement quite complicated for inter-frequency scenario. Specifically, CSI-RS resource and SMTC may not be always covered by one single gap pattern:
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Figure 1 CSI-RS resource outside the SMTC window
As depicted in figure 1, assume that CSI-RS resource and SMTC have different periodicity. Considering this is an inter-frequency neighbour cell, UE needs measurement gap to do this inter-frequency CSI-RS measurement. But first of all, UE needs gap to perform PSS/SSS detection to acquire fine timing synchronization according to ob1. After the cell is identified (UE has full timing information), UE will need another gap to do the measurement on CSI-RS. However, from network point of view, network may have no idea when the neighbour cell is fully identified. Thus network may have to first configure measurement object on SSB based with gap pattern 1 according to the SMTC of neighbour cell. After receiving measurement report, network will need to reconfigure the UE with a new gap pattern 2 for CSI-RS measurement according to the CSI-RS configuration. This is quite inefficient. Configuring measurement objects and gap twice will also introduce additional delay, which will result in poor mobility performance. Thus we propose RAN4 to do more study for the case where CSI-RS is outside the SMTC window.
Observation 3: CSI-RS resource used for measurement could be outside the SMTC. This would make inter-frequency CSI-RS measurement quite complicated.
Proposal 1: RAN4 should be very careful on inter-frequency CSI-RS measurement requirements, considering the case where CSI-RS is outside the SMTC.
Regarding the detailed requirements, it is quite straightforward that the following requirements should be studied and defined:
1) Measurement period for both intra/inter-frequency
2) Measurement reporting delay for both intra/inter-frequency

3) RLM

4) Measurement accuracy

Note that CSI-RS based RRM measurement is supported only in RRC_CONNECTED mode. To complete the above requirement, here we also provide a work plan for core part:
· RAN4 AH-1801
· Discuss and agree the scope of CSI-RS RRM requirements

· Discuss and agree simulation assumption for CSI-RS based RSRP/RSRQ measurement

· Discuss and agree simulation assumption for CSI-RS based RLM

· RAN4 #86

· Provide preliminary simulation result for CSI-RS based RSRP/RSRQ measurement
· Provide preliminary simulation result for CSI-RS based RLM

· Continue discuss the open issues, if any

· RAN4 #86bis

· Align simulation result for CSI-RS based RSRP/RSRQ measurement

· Align simulation result for CSI-RS based RLM

· Continue discuss the open issues, if any

· Provide draft CR for CSI-RS RRM requirement

· RAN4 #87

· Conclude all the open issues.

· Agree formal CRs

3. Conclusions
In this contribution we provide overall discussion on CSI-RS based RRM requirement and work plan. After discussion the following conclusions are made:
Observation 1: before performing CSI-RS measurement on an unknown cell, UE first needs to acquire fine timing synchronization by detecting SSB.
Observation 2: unless indicated with useServingCellTimingForSync = true, UE has to read MIB before it can perform CSI-RS measurement on an unknown cell.
Observation 3: CSI-RS resource used for measurement could be outside the SMTC. This would make inter-frequency CSI-RS measurement quite complicated.
Proposal 1: RAN4 should be very careful on inter-frequency CSI-RS measurement requirements, considering the case where CSI-RS is outside the SMTC.
Proposal 2: the following requirements shall be defined for CSI-RS based RRM requirements in RRC_CONNECTED mode:

1) Measurement period for both intra/inter-frequency

2) Measurement reporting delay for both intra/inter-frequency

3) RLM

4) Measurement accuracy
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