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1 Introduction
In the January RAN1 NR Ad-Hoc meeting, the followings are agreed on the mobility RS. 

	Agreements:
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:

· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or

· Note: How to use DM-RS for RRM measurement is up to UE implementation

· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported

· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:

· FFS: CSI-RS,

· FFS: RS separately designed from CSI-RS

· Note that possibility of multiplexing of wideband RS in SS block is not precluded


In the RAN2#96 meeting, we have agreed the following on CONNECTED mode RRM measurements. 
Agreements for CONNECTED active

1.
RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.

FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied:

(a)
best beam

(b)
N-best beams

(c)
all detected beams

(d)
beams above a threshold

Other options are not precluded.
In the previous adhoc meeting, RAN2 agreed to investigate the implications on the above agreements. 
RAN2 understanding of the LS is that RAN1 will define some form of additional RS to be used by the UE for RRM measurements in CONNECTED in addition ot the RS(s) available in idle.

=>
RAN2 will study the implications of this agreement on RAN2, for example:
1
Study the inter-gNB coordination required for UE-specific and/or cell-specific additional RSs for RRC_CONNECTED UEs and their usage (e.g. turning on/off BRS/MRSs, scheduling of CSI-RSs, exchange of RS resource allocation, etc.)

2
Study the required RRC configuration and inter-gNB coordination necessary required to map cell ID and the additional RSs if additional RS does not encode cell ID
In this contribution, we will discuss CONNECTED mode mobility, considering both IDLE mode RS and additional RS to be designed.  
2 Two types of RSs in the NR cell
With respect to the RAN1 agreement, an NR cell can transmit two types of RSs for CONNECTED mode L3 mobility, such as:

· IDLE mode RS

: To support initial access and cell reselection of IDLE mode UE

: Can support CONNECTED mode L3 mobility (RRM measurement and handover), also

: Always-on

· Additional RS
: To support CONNECTED mode L3 mobility (RRM measurement and handover) 

: Always-on or configurable (FFS)

: Maybe used for L1/L2 mobility, also (FFS)

Therefore, now NR UE in CONNECTED mode can measure two types of RSs, if the cell transmits the additional RS in addition to IDLE mode RS.
Observation 1: NR CONNECTED mode UE could be able to measure two types of RSs (IDLE mode RS and additional RS), if additional RS is used. 
Since the purposes and designs of two RSs are different, it is logical to consider that the characteristics (e.g., widths) of beams for additional RS might be different with IDLE mode RS, if they are both beamformed. In an example, IDLE mode RS can be beamformed with wider-beam, while additional RS is beamformed with narrower-beam. 
3 RRM measurement with two types of RSs
Accordingly, it is reasonable to re-visit the previous discussion on RRM measurement, considering the existence of two different types of RSs. Previously we have discussed on RRM measurement based on beams [1], without considering the possibility of having different RSs with different beam characteristics.
 Since there are two types of RSs, the possible options for RRM measurement are as follows: 
Option 1) Derive measurement quantity of a cell using IDLE mode RS only. 

This option disregards the purpose of introducing additional RS for L3 mobility. If RAN1 defines to use the additional RS for L3 mobility, this option must not be considered. 
However, if RAN1 agrees not to use additional RS for L3 mobility, of course there is no choice but to use this option 1). 

Option 2) Derive measurement quantity of a cell using additional RS only. 

This option is possible if it is guaranteed that there are additional RSs for L3 mobility, among all the NR cells. In LTE, UE uses the measurement results of CRS for L3 mobility, since CRS is always-on signal. 
Also, if RAN1 agrees not to use additional RS for L3 mobility, this option can be ignored. 
Option 3) Derive measurement quantity of a cell using both IDLE mode RS and additional 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 measurement quantity of a cell. However, those two types of RSs may have different purposes and different characteristics such as beam width, periodicity, signal design, and required measurement duration for full beam sweep. Therefore, it should be studied how we derive measurement quantity of a cell, among different RSs with different beam characteristics. 
Figure 1. shows an example of RRM measurement framework when the single-value derivation is done before L1 filtering [1]. 
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Figure 1. An example of RRM measurement framework with both IDLE mode RS and additional RS

If beam characteristics of both IDLE mode RS and additional RS are the same, there is no problem. 
However, if beam characteristics are different, there is a problem. Consider if the IDLE mode RS is wide-beam based and the additional RS is narrow-beam based. Due to the different beamforming gain, measurement quality of IDLE mode RSs will be lower than that of additional RSs, in general. Then, due to this different beamforming gain, a UE cannot fairly compare the serving cell and target cell since different cell’s single-value derivation may have different compositions. As an example, it is not fair to compare serving cell with target cell, if serving cell samples are selected as IDLE mode RS 80%, additional RS 20%, while target cell samples are selected as IDLE mode RS 20%, additional RS 80%. 
Note that even for the same cell, one derivation of cell-level quantity and another derivation of cell-level quantity might be different due to the time varying characteristics of wireless channel.  
Therefore, throughout the cell measurement quantity derivation process, samples of RSs with different properties should not be filtered jointly.
Observation 1: Throughout the cell measurement quantity derivation process, samples of RSs with different properties should not be filtered jointly.
Hence, it is desirable to filter and derive the single value from the same type of RSs. Figure 2. shows an example of deriving different cell measurement quantities using different types of RSs. With this, we may use the same RRM measurement framework, as in [1]. (FFS how single-value could be derived)
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Figure 2. RRM measurement using different types of RSs

Proposal 1: The measurements (samples) of IDLE mode RS and additional RS are filtered independently. 
The next step is how we can derive the measurement quantity of a cell, using the measured results of different RSs. 

Proposal 2: RAN2 needs to investigate how the measurement quantity of a cell is derived, using measurements after L3 filtering of IDLE mode RS and additional RS. (FFS whether to choose one, or how to consider both)
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: Throughout the cell measurement quantity derivation process, samples of RSs with different properties should not be filtered jointly.

Proposal 1: The measurements (samples) of IDLE mode RS and additional RS are filtered independently. 

Proposal 2: RAN2 needs to investigate how the measurement quantity of a cell is derived, using measurements after L3 filtering of IDLE mode RS and additional RS. (FFS whether to choose one, or how to consider both)
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