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1 Introduction
RAN4 has completed the UE RRM requirements for the support of NSA option 3 (EN-DC) in RAN4#85. So far all the measurement requirements are defined for SSB based measurements, and per agreed work plan from RAN#77, RAN4 should start to discuss CSI-RS based measurement requirements from this meeting.
In this paper, we will provide our initial views on requirements for CSI-RS based measurement. 
2 Discussion
CSI-RS has been introduced for several purposes as follows. As the CSI-RS configuration and related procedures are different depending on the purposes, RAN4 first needs to discuss for which purpose RRM requirements should be defined. 

· CSI computation

· Beam management 

· RLM 

· Time frequency tracking

· L3 mobility 

CSI computation is related to UE performance and should be discussed in performance part. 
Beam management, in our understanding, is a mix with CSI and RRM. For example, the L1-RSRP computation as defined in section 5.1.6.1.2 of 38.214 is more within CSI framework as its measurement and reporting are controlled in the way as other traditional CSI like CQI and PMI. On the other hand, the link reconfiguration procedure as defined in section 6 of 38.213 is more like RRM scope since it is quite similar to an event triggered reporting and also it impacts which Tx beams (in some sense the beam can be considered as a cell) can be used for the UE for data transmission. We think RAN4 should discuss if some RRM requirement should be defined for CSI-RS based beam management. 
RLM based on CSI-RS is addressed in our companion paper [1].

CSI-RS for time frequency tracking is intended to enable UE to achieve fine time frequency synchronization and better channel estimation. One way to define requirements for CSI-RS based tracking is to consider it in the UE Tx timing. In RAN4#85 the UE Tx timing requirements are agreed based on the assumption that only SSB is used. Adding CSI-RS based timing requirement could improve some cases, e.g. 15kHz SSB SCS with 60kHz UL SCS, but we are not sure if this is the best way to reflect the improvement due to CSI-RS based tracking. For example, the better frequency tracking and channel estimation is not captured in this timing requirement. RAN4 may need to discuss the main use cases and main benefit of CSI-RS based tracking and what kind of requirements is proper for it. 

L3 mobility based on CSI-RS is quite a clear RRM functionality, and RRM requirements should be defined. 
Proposal 1: RRM requirements are defined for CSI-RS for L3 mobility. RAN4 should discuss if RRM requirements should be defined for CSI-RS for beam management and time frequency tracking.

In the next, we will provide some initial considerations from our side on the requirements.
Timing assumption
CSI-RS can only be measured when the timing of the associated cell is known. In RAN1#91, following agreements are reached regarding CSI-RS for L3 mobility.

	Agreements:
· For each CSI-RS resource, at most one associated SSB can be configured 
· 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


From those agreements, it can be seen that a CSI-RS resource may or may not have associated SSB configured. In our understanding, it means there are two cases for CSI-RS measurement:

· When associated SSB is not detected

· When associated SSB is detected, or when associated SSB is not configured 

In the first case, as UE is not expected to measure CSI-RS when associated SSB is not detected, the measurement delay, defined as the delay from when CSI-RS measurement is configured to when the measurement report is sent to the network, consists of SSB detection delay and CSI-RS measurement period. In the second case, the measurement delay only includes the measurement period. Therefore, two sets of requirements can be defined for the two cases, respectively. 
Proposal 2: For CSI-RS measurement for L3 mobility, two sets of requirements are defined for 

-
When associated SSB is not detected

-
When associated SSB is detected, or when associated SSB is not configured

Gap based requirements
For SSB based measurement, the gap based requirements are defined for intra-frequency since it may happen that the SSB for intra-frequency measurement is outside the UE active BWP, and frequency re-tuning is necessary to measure that SSB. CSI-RS, however, is UE specifically transmitted, and network could always transmit in UE active BWP (the same has been assumed for RLM). It is then a question if gap based requirements for intra-frequency are needed for CSI-RS measurement. 

For inter-frequency CSI-RS measurement, the gap is still needed. There are some open issues in the assumption about how CSI-RS and SSB are configured, and how gaps are used to measure them. For example, [2] proposed that requirement for inter-frequency CSI-RS measurement for L3 mobility is defined with SS block existing within the same gap. Such issues have to be clarified before RAN4 can define inter-frequency requirements for CSI-RS measurement. 
Proposal 3: RAN4 to discuss the need for gap based requirements for intra-frequency CSI-RS measurement, and the use of gaps for inter-frequency CSI-RS measurement.

Measurement period (BW, side condition)
The exact measurement period of CSI-RS measurement needs to be studied via simulation. Like in LTE CSI-RS measurement which was introduced for SCE, some side conditions need to be discussed for the requirements. For example, the measurement BW can be {24, 48, 96, 192, 268} PRBs, and they could lead to quite different performance. Also the SINR condition may need some consideration, e.g. due to beam coordination and configuration of ZP-CSI-RS. Density is another factor that will impact the performance, and RAN4 may study both possible values {3, 1}. 

Proposal 4: RAN4 needs to discuss the side conditions of CSI-RS measurement requirements, at least the measurement BW, SINR and RE density.

Measurement capability (# of carriers, # of resources)

The measurement capability also needs to be discussed in terms of 
· Number of carriers UE can monitor for CSI-RS

· Number of CSI-RS resources UE can monitor

For the number of carriers, it would be straightforward to re-use the same number (7) as for SSB based measurement, if CSI-RS and SSB are always configured to be measured on the same carrier. On the other hand, RAN4 needs to check if separate requirements for SSB and CSI-RS are needed if UE is configured to only measure SSB or CSI-RS on one carrier. 

For the number of CSI-RS resources, similar as for number of carriers, it should be discussed how to count the number beams since both CSI-RS and SSB can represent a beam from a cell.

Proposal 5: RAN4 should discuss the capability for CSI-RS based measurement.

3 Conclusions 

In this paper, we provided our initial views on the CSI-RS based measurement requirements. 
Specifically, we have the following proposals.

Proposal 1: RRM requirements are defined for CSI-RS for L3 mobility. RAN4 should discuss if RRM requirements should be defined for CSI-RS for beam management and time frequency tracking.
Proposal 2: For CSI-RS measurement for L3 mobility, two sets of requirements are defined for 

-
When associated SSB is not detected

-
When associated SSB is detected, or when associated SSB is not configured
Proposal 3: RAN4 to discuss the need for gap based requirements for intra-frequency CSI-RS measurement, and the use of gaps for inter-frequency CSI-RS measurement.
Proposal 4: RAN4 needs to discuss the side conditions of CSI-RS measurement requirements, at least the measurement BW, SINR and RE density.
Proposal 5: RAN4 should discuss the capability for CSI-RS based measurement.
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