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1 Introduction
In 3GPP TR 38.802, RAN1 specified the following paragraph to define RSs for CONNECTED mode RRM measurement for L3 mobility. 
	6.2.3.2
Mobility

For RRM measurement in NR, DL measurement is supported with the consideration on both single-beam based operation and multi-beam based operation. NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE. Note that IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2 and CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2. Also, note that cell refers to NR cell which is tied to a same ID carried by NR-SS. At least NR-SSS is used for DL based RRM measurement for L3 mobility in IDLE mode. For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS. Detection of neighbor cell for measurement is based on NR-SS.
…


Also, RAN2 specified the following paragraph in 3GPP TR 38.804. 
	5.5.4    Measurements

For the cell level mobility driven by RRC described in sub-clause 10.1.2, the baseline of the RRM measurement framework for DL is the one specified for LTE (measurement object, measurement ID, reporting configuration) as specified in TS 36.331 [6]. The DL RRM measurement should be performed based on a common framework regardless of network and UE beam configurations (e.g. number of beams). As for the event triggered reporting, Event A1 to A6 like the ones specified for LTE are at least to be supported with potential modifications. Other events may also be studied for NR. Measurement report contains at least cell level measurement results.

A UE in RRC_CONNECTED should be able to perform RRM measurements on always on idle RS (e.g. NR-PSS/SSS) and/or CSI-RS. The gNB should be able to configure RRM measurements via dedicated signalling to be performed on CSI-RS and/or idle RS. The event triggered reporting can be configured for NR-PSS/SSS and for CSI-RS for RRM measurements. At least, Even A1 to A6 can be configured for NR-PSS/SSS.

NOTE 1: It is FFS which events can be configured for CSI-RS.
In the multi-beam operation, the UE in RRC_CONNECTED measures at least one or more individual DL beams. The gNB should have the mechanisms to consider the measurement results of those DL beams for handover. This mechanism is needed at least to trigger inter-gNB handover and to optimise handover ping-pong and failure. The UE should be able to distinguish between the beams from its serving cell and the beams from neighbour cells. The UE should be able to learn if a beam is coming from its serving cell. Cell level signalling quality for the DL RRM measurement can be derived from N best beams, if detected, where the value of N can be configured to 1 or more than 1. This does not preclude the DL RRM measurement on a single beam. Measurement report may contain the measurement results of the N best beams if the UE is configured to do so by the gNB.

NOTE 2: It is FFS on details of filtering to be applied, and how the quality of the serving cell is determined (e.g. from serving beam only or cell quality).

NOTE 3: It is FFS how to derive the cell level quality applies to both CSI-RS and idle RS and whether to only consider beams above a threshold (good beams).


In this contribution, we will discuss cell measurement detail, considering both NR-SS and CSI-RS to be designed.  
2 Different RSs for CONNECTED mode mobility
With respect to the RAN1 agreement, an NR cell can transmit two types of RSs for UE L3 mobility in CONNECTED mode, such as: NR-SS and CSI-RS. The properties of the two types of RS are as follows:
· NR-SS
: To support initial access and cell reselection of IDLE mode UE

: To support UE L3 mobility in CONNECTED mode (RRM measurement and handover)
: Periodic and Always-on

· CSI-RS
: To support channel quality reporting

: To support UE L3 mobility in CONNECTED mode (RRM measurement and handover) 
: Configured to be ON/OFF
Since the properties and designs of two RSs are different, it is logical to consider that the characteristics (e.g., widths) of beams might also be different. In an example, NR-SS can be beamformed with wider-beam, while CSI-RS can be beamformed with narrower-beam. 
Observation 1: Since the properties and design of the two RS types (i.e. NR-SS and CSI-RS) are different it is reasonable to assume the two RS types can be transmitted with different beam characteristics.
3 RRM measurement with NR-SS and CSI-RS
According to the previous RAN2 agreements and TR, it is now captured that ‘A UE in RRC_CONNECTED should be able to perform RRM measurements on always on idle RS (e.g. NR-PSS/SSS) and/or CSI-RS’. And the RRM measurements could be configured using a dedicated signalling from the serving gNB, as TR text of ‘gNB should be able to configure RRM measurements via dedicated signalling to be performed on CSI-RS and/or idle RS’. Therefore, based on Observation 1, now it is obvious that the NR UE perform RRM measurement on NR-SS as a baseline, and on CSI-RS optionally. 
Proposal 1: RAN2 to agree that UE L3 mobility based on NR-SS is baseline while the UE L3 mobility based on CSI-RS is supported if configured for the UE.
During the RRM measurement, UE should derive cell level measurement quantityfrom selected good gNB beams of measured RSs. Please refer to [1] for the measurement model and how to derive the cell level quality. In order for thisWhen the CSI-RS is configured then the UE can measure both the NR-SS and CSI-RS, then there could be three operations possible as bellows:
Operation 1) Derive cell level measurement using NR-SS. 

This operation is the baseline for L3 mobility in NR, and can be used anytime since the NR-SS is periodic and always on signals, unlike CSI-RS. So, regardless of the CSI-RS configuration for L3 mobility, NR UE should perform RRM measurement on NR-SS. 

Operation 2) Derive cell level measurement using CSI-RS. 

This operation is possible if CSI-RS is configured to be measured by the UE for the serving cell and neighbour cell. Based on the cell level CSI-RS measurement comparison the L3 mobility across involved cells is possible. 

Option 3) Derive cell level measurement using both NR-SS and CSI-RS.

Of course a UE can measure all the visible RSs, and the UE may be able to use all the measured quantities of RSs to derive a single cell level measurement. However, as mentioned earlier those two types of RSs may have different properties e.g. signal design, periodicity and required measurement duration for full beam sweep and hence different characteristics such as beam width. Therefore, it should be studied how we derive cell level measurement from different measured RSs with different beam characteristics. 

Figure 1. shows an example of RRM measurement framework when the single-value cell level derivation is done for both NR-SS and CSI-RS based measurements. 
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Figure 1. An example of RRM measurement framework with both NR-SS and CSI-RS
Since the beam characteristics for the NR-SS and CSI-RS are different, there is a problem. Due to the different beamforming gain, measurement quality of wider beam based RS (i.e., NR-SS) can be lower than that of narrower beam based RS (i.e., CSI-RS) in general. Accordingly, a UE cannot fairly compare the serving cell and target cell since each cell’s single-value cell quality derivation may be of results from different compositions. As an example, it is not fair to compare serving cell with target cell, if serving cell’s N best beams are selected from both NR-SS beams and CSI-RS beams, while target cell’s N best beams are selected among from NR-RS beams only if CSI-RS is not available in target cell.  

Therefore, throughout the cell level measurement derivation process, samples of RSs with different properties should not be mixed to derive the single-value cell quality, jointly. So, as shown in Figure 2, it is desirable to filter and derive the single value from the same type of RSs. In order for the fair comparison, we propose NR UE to not filter and consolidate measurements from both NR-SS and CSI-RS together to derive a single cell measurement quantity.
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Figure 2. RRM measurement using different types of RSs

Proposal 2: NR UE shall not filter and consolidate NR-SS beam measurements and CSI-RS beam measurements together to derive a cell level measurement. 
With this, we may use the same RRM measurement framework for both NR-SS and CSI-RS as explained in [1]. Accordingly, the NR UE shall compare measurement quantity of different cells which are derived from the same RS. 

Proposal 3: NR UE shall compare cell level measurements of different cells using the same type of RS(s). In another words, NR does not support comparison between NR-SS based measurement of a cell and CSI-RS based measurement of another cell. 
4 Conclusions
This contribution has reviewed CONNECTED mode mobility regarding IDLE mode RS and additional RS to be designed by RAN1. Through the contribution, we made the following observation and proposals.
Observation 1: Since the properties and design of the two RS types (i.e. NR-SS and CSI-RS) are different it is reasonable to assume the two RS types can be transmitted with different beam characteristics.
Proposal 1: RAN2 to agree that UE L3 mobility based on NR-SS is baseline while the UE L3 mobility based on CSI-RS is supported if configured for the UE.
Proposal 2: NR UE shall not filter and consolidate NR-SS beam measurements and CSI-RS beam measurements together to derive a cell level measurement. 
Proposal 3: NR UE shall compare cell level measurements of different cells using the same type of RS(s). In another words, NR does not support comparison between NR-SS based measurement of a cell and CSI-RS based measurement of another cell. 
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