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1 Introduction

In the previous RAN2 Ad-hoc meeting, RAN2 agreed the following RRM measurement model for NR:
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Figure 1 RRM measurement model in NR 

As the next step, RAN2 is progressing to draft the TP on RRM measurement model and there have been extensive e-mail discussions. However, due to the lack of time, RAN2 could not be able to reach a consensus and there are remaining issues that need to be discussed. This contribution is to discuss and decide the remaining issues, with possible solutions. 
 
2 Discussion 

2.1 Configuration of different types of RSs

The first issue is the method of handling two different types of RSs. In the LTE, the RRM measurement was based on CRS. However, CSI-RS based measurement was also possible by configuring DRS configuration using MeasDS-Config IE. In order for LTE UE to measure CSI-RS, network only needs to configure  the MeasDS-Config IE.  If the LTE UE receives measObject which includes measDS-Config, the UE measures CSI-RS. And, if the UE receives measurement report configuration with eventID of C1 and/or C2 events, UE reports MR with CSI-RS measurement. Note that in LTE, the A1 to A6 events are solely for CRS measurement. 
However, in NR, there are two different types of RSs, NR-SS and CSI-RS, to be used for RRM measurement. In addition, A1 to A6 events are agreed to be used for both NR-SS and CSI-RS. Since the NR-SS and CSI-RS may have different characteristics, in order not to cross-compare the different measurement results of different types of RSs, RAN2 agreed to compare only the measurement results of the same type of RS, i.e., NR-SS vs. NR-SS, and CSI-RS vs. CSI-RS.

Therefore, in order for NR UE not to cross-compare the results and trigger MR correctly, we need to distinguish the measurement configurations from different types of RSs. Such distinguishment could be done in several levels, e.g., having different measurement identities for different types of RSs, or having different IEs for different types of RSs, or having different parameter to indicate the based RS type and reporting information. 
In order to simplify the UE behaviour and address the clear UE behaviour on the specification, we propose to have NR measurement ID linked with single type of RS, along with measurement object and reporting configuration associated with the measurement ID belongs to the same type of RS. 
Proposal 1: In NR, each measurement identity links one measurement object with one reporting configuration, based on single type of RS.
Proposal 1-1: In NR, each measurement object carries resource configuration of single type of RS.
Proposal 1-2: In NR, each measurement reporting configuration carries triggering event and reporting information of single type of RS.

Since RAN2 already agreed that network can configure multiple measurement identities to link more than one measurement object to the same reporting configuration, as well as to link more than one reporting configuration to the same measurement object, with the proposals, network can configure all the possible combinations of measurement object and reporting except cross-comparison of different RSs, which were already ruled out. 
2.2 Configuration of ‘N’ and ‘absolute threshold’ for cell quality derivation

Another remaining issue is regarding the configuration of N. In the previous meeting, we have agreed to configure N per carrier frequency. NR can configure NR-SS and/or CSI-RS for RRM measurement, and the characteristics of NR-SS and CSI-RS would different a lot, e.g., with different sequence length, different periodicities, different resource (time/frequency), and different beam pattern, and so on. Obviously, there is no need of configuring the CSI-RS that has the same beam pattern and characteristics with NR-SS, since NR UE can measure NR-SS. Consequently, NR can be able to configure the different values of N and threshold for NR-SS, e.g. wide-beam, and CSI-RS, e.g., narrow-beam. 
Moreover, we understand that some network may want to configure the same number of N and threshold for NR-SS and CSI-RS, if possible. Therefore, we propose ‘N’ and ‘threshold’ in NR for cell quality derivation to be configurable. 
Proposal 2: In NR, ‘N’ and ‘absolute threshold’ for cell quality derivation can be configured with different values, for different types of RSs.
2.3 Configuration of ‘X’ and ‘absolute threshold’ for beam measurement reporting

As discussed in the above subsection regarding ‘N’, we propose ‘X’ for beam measurement reporting shall also be configurable for different types of RSs. 

The other remained issue is whether to support ‘threshold- good beam concept’ for X beams or not. Since we have agreed that the beam measurement in MR is an optional feature, the possible measurement reporting in MR may contain the following options: 
Opt. 1) Cell IDs + Cell qualities

Opt. 2) Cell IDs + Cell qualities + Beam IDs

Opt. 3) Cell IDs + Cell qualities + Beam IDs + Beam qualities

If we just allow UE to always report best ‘X’ beams, in case of Opt. 2), if UE only reports beam IDs then  network cannot tell how many beams are taken into account as ‘good beams’ which can be used for actual data transmission. Therefore, we propose NR measurement reporting can contain up to ‘X’ best beams in a descending order of measured quality, which have the measurement quality above the ‘absolute threshold’. Note that the ‘absolute threshold’ can be reused of the configured value for cell quality derivation, or re-configured solely for beam measurement reporting. 
Proposal 3: In NR, measurement reporting can contain up to ‘X’ best beams in a descending order of measured quality, which have the measurement quality above the ‘absolute threshold’. 

Proposal 4: In NR, ‘X’ for beam measurement reporting can be configured with different values, for different types of RSs.
2.4 Configuration of ‘SMTC’ for NR-SS measurement
In the previous RAN1 ad-hoc meeting, RAN1 made the following agreements regarding NR-SS measurement: 

	Agreements:
•       Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
–      For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
•       UE can be informed of which cell(s) is associated with which measurement window periodicity
•       For cell(s) that is not listed, longer measurement window periodicity is used
•       Single measurement window offset and duration are configured per frequency carrier
–      For IDLE mode measurements, only single SMTC is configured per frequency carrier
–      For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
–      RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers 


Of course RAN2 should respect RAN1 decisions and agreements, however, since the measurement configuration is RAN2 business, we shall discuss first on the issue and evaluate the possibility, merit, and demerit of it in RAN2 perspective. 

In the agreement, RAN1 propose to have two measurement periodicities and to give UE information that which cell is using which periodicity for SS block based RRM measurement timing configuration (SMTC). This SMTC would be used for NR UE to measure NR-SS of the serving and neighbour cells. And we believe this configuration shall be signalled using RRC message of RRM measurement configuration. In the RRM measurement configuration, we shall first discuss that the UE RRM measurement shall be configured per frequency carrier or not. 
As in LTE, we yet do not see any strong motivation of supporting cell level measurement configuration, especially for NR-SS which needs to be used for neighbour cell discovery and detection. Therefore, as mentioned in the RAN1 agreement, we propose to have SMTC configuration to be done per frequency carrier, and not be done per cell. 
Proposal 5: For NR-SS measurement configuration, NR shall support configuration per frequency carrier and shall not allow configuration per cell. 

Now the remaining issue is for intra-cell CONNECTED mode, whether NR should support two periodicities and method of how to inform NR UE of which cell is using which periodicities. Throughout the discussion of RAN1 and contributions from companies, we try to discover any solid reason or benefit of having two periodicities for CONNECTED mode NR UE. 
Regarding NR-SS configuration for RRM measurement, we found the following problems: 

Problem 1: UE cannot fairly compare two cells with different periodicities. 

· Consider if RRM measurement mandate a UE to compare two cells with different periodicities. This UE will have more measurement samples of one cell with shorter period, and for the other cell UE will have less measurement samples. As we all know, if number of samples are not the same, the effect of filtering becomes different on each cell, e.g., a cell with less samples would fluctuate more compared with a cell with more samples. 

· Also we would like to remind that in the beam-based NR system, measurement period (SMTC period, NR-SS burst set period) would be much larger than LTE considering multiple beam sweeping duration (e.g., maximum 64 SS blocks in a SS burst with maximum 180ms periodicity). Therefore, it is inevitable that NR will have less measurement samples of a beam pair link for the same time duration, compared with single-beam based LTE system. Hence, the difference in number of measurement samples of two different cells affects the measurement results much more in NR multi-beam based system. 

Problem 2: Limited UE power saving of measurement of cells with long NR-SS periodicities. Since the UE is in CONNECTED mode and there are cells with short periodicity, this UE cannot save much power of just measuring part of cells with longer periodicity
· Some may consider that this configurability of different periodicities may benefit UE of power saving due to reduced beam measurements. However, since the UE is already in CONNECTED mode and receiving/ measuring cells with short periodicities, we expect limited gain of introducing two different periodicities. 
Problem 3: RAN2 had not agreed to have cell-specific RRM measurement configuration. 
· So far RAN2 have agreed to have carrier frequency specific configurations but yet not agreed to have any cell-specific configurations. In order to limit the overhead, configuration complexity, and UE implementation complexity, we prefer to have only carrier frequency specific RRM configurations in NR. 
· However, RAN1 agreement requests to have information signalling of relationship between cells and their different periodicities. This seems to agree to have cell-specific RRM measurement configuration for NR-SS. 
Therefore, we propose to discuss the above problems and limits of the previous RAN1 agreements, and would like to propose the following proposal for NR RAN2. 

Proposal 6: For NR-SS measurement configuration, single measurement window, single measurement duration, and single measurement window periodicity are configured as part of the measurement object for the corresponding frequency carrier. 
3 Conclusion

This contribution discusses the remaining issues for NR RRM measurement configuration. We request RAN2 to discuss the following proposals. 
Proposal 1: In NR, each measurement identity links one measurement object with one reporting configuration, based on single type of RS.
Proposal 1-1: In NR, each measurement object carries resource configuration of single type of RS.

Proposal 1-2: In NR, each measurement reporting configuration carries triggering events and reporting information of single type of RS.

Proposal 2: In NR, ‘N’ and ‘absolute threshold’ for cell quality derivation can be configured with different values, for different types of RSs.

Proposal 3: In NR, measurement reporting can contain up to ‘X’ best beams in a descending order of measured quality, which have the measurement quality above the ‘absolute threshold’. 

Proposal 4: In NR, ‘X’ for beam measurement reporting can be configured with different values, for different types of RSs.
Proposal 5: For NR-SS measurement configuration, NR shall support configuration per frequency carrier and shall not allow configuration per cell. 

Proposal 6: For NR-SS measurement configuration, single measurement window, single measurement duration, and single measurement window periodicity are configured as part of the measurement object for the corresponding frequency carrier. 
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