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1. Introduction

Followings are agreements on RRM measurements made in last RAN1 meetings [1]:

	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
Agreements:
A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band


Based on the agreements, we discuss DL measurement based RRM measurement in NR focusing on SS block based measurements in more detail in this document.
2. Discussion
2.1. DL RS for RRM measurement
In last meeting, it was determined that power offset of PBCH DM-RS to SSS is a fixed value defined in specification. In order to determine the value, we need to discuss the usage of resource elements not to be used as SS and PBCH in a SS block. 

If it is described in the specification that the null REs in a SSB are not used for any other channel, it is preferable that the power for the REs is used for SS (that is, it is used for SS power boosting). In this case, power offset of SSS to PBCH DM-RS can be determined to be 3.5dB if any other scheme (e.g. PBCH DM-RS power boosting) is not considered. However, the null REs in a SSB are considered as resources for other channels, the power boosting for SS becomes just an implementation issue and it is appropriate that 0 dB is determined as the power offset value.
The number of null REs in a SSB is 288, and it is a significant number to use as resources for various channels (e.g. some REs for PDSCH, paging indicator, etc). Therefore, it can be proposed that the null REs are used for resource of some channel and the power offset of SSS to PBCH DM-RS is fixed to 0dB. In this case, the power boosting of SS for coverage enhancement is an implementation issue of gNodeB.
Proposal 1. Power offset of PBCH DM-RS to SSS is fixed to 0dB. If the power boosting of SS and PBCH DM-RS is considered for coverage enhancement, it is just an implementation issue of gNodeB.
2.2. Definition of RSRP and RSRQ 
Definition of RSRP
RSRP is defined considering measurement based on CRS in LTE system, but it was agreed that RSRP is measured using SS and PBCH DM-RS in NR system. Based on the agreement, it is initially defined as below table in TS 38.215 draft version (similar definition with LTE) and details are under discussion.

· RSRP of SSS or PBCH DM-RS : According to agreement, SS/PBCH RSRP can be measured over both SSS and PBCH DM-RS, and which signal(s) is/are actually used is an implementation issue. However, it should be defined which channel the reporting value is based on. Basically, most of companies have considered that PBCH DM-RS is a supplementary signal to SSS. Therefore, it is preferred that actual SSS RSRP is used as SS/PBCH RSRP and PBCH DM-RS RSRP should be compensated by power offset value in order to obtain SS/PBCH RSRP. This issue was discussed in e-mail reflector, and it is expected that this would be reflected in next draft version.
· Beam-level or Cell-level : In NR system, RSRP is first measured in beam-level and cell-level RSRP is calculated & reported based on beam-level RSRP (“Cell quality should be derived by averaging the best beam with the up to N-1 best beams above absolute configured threshold” from RAN2 agreement). That is, it is sufficient to define only beam-level RSRP in physical layer. This issue was also discussed in e-mail reflector, and it is expected that this would be reflected in next draft version.
· Antenna connector : In NR system, a diversity branch (receiver antenna port) may consist of multiple antenna element for analog beamforming and we need to specify the exact measurement point. When we discuss about MCL or channel quality which UE experiences, it includes antenna gain including beamforming gain. Therefore, antenna connector for a diversity branch (measurement point) should be defined as the position after the analog beamforming is done.

	Definition
	Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals within the considered measurement frequency bandwidth.

For RSRP determination the secondary synchronization signals according to 3GPP TS 38.211 [4] shall be used. UE may use demodulation reference signals for physical broadcast channel in addition to secondary synchronization signal to determine RSRP.

RSRP per cell shall be derived by the UE by linear averaging over best N RSRP above absolute configured threshold.

[The reference point for the RSRP shall be the antenna connector of the UE

[If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches.]


Proposal 2. SSS RSRP is used for SS/PBCH RSRP, and PBCH DM-RS RSRP is compensated by power offset defined in spec in order to obtain SS/PBCH RSRP. In addition, beam-level RSRP is used as SS/PBCH RSRP in physical layer.

Proposal 3. The exact definition of antenna connector needs to be described in the specification, and it is proposed that antenna connector is defined as the position after the analog beamforming is done. .
Definition of RSSI & RSRQ
RSRQ is simply defined to be RSRP / RSSI in linear domain, and we just need to define RSSI. If any specific configuration is not used, RSSI can be measured only from all resource elements within SS block used for RSRP measurement. However, when beams are coordinated in multi-beam scenario or scheduling is coordinated between cells or TRPs, resource elements for RSSI measurement can be specified by network and UE should measure RSSI using OFDM symbols configured by gNodeB, where resource elements for RSSI measurement is beam-specific or beam-common.
Proposal 4. With default configuration, RSSI is beam-specifically measured only from all resource elements within SS block used for RSRP measurement. In case of beam coordination, resource elements for RSSI measurement can be specified by network.
3. Configuration of SSB-based measurement
Configuration of SSB-based measurement
Basic configurable parameters for SSB-based measurement consists of measurement duration, periodicity and slot offset to frame(s) boundary. Among them, the number of measurement periodicity is up to two for intra-frequency measurement or just one for idle mode and inter-frequency measurement. Measurement duration and slot offset to frame(s) boundary should be configured so that all SSBs for cells included in cell list or target cells are confined in the configured measurement window. In case of multiple measurement periodicity, measurement opportunity among configured windows is configured per cell according to agreement in last meeting.
Proposal 5. The measurement window (consisting of measurement duration, periodicity and slot offset) is configured as parameters for SSB-based measurement. In case of multiple measurement periodicity, measurement window sub-set among measurement windows is configured per cell based on agreement in last meeting.

Actual transmitted SS blocks
In addition to basic configurable parameters, information on actual transmitted SSB (for neighbour cells, it is used as an information on measurement subset of candidate SSBs) needs to be configured for UE complexity mitigation. 
For idle mode, information on actual transmitted SSB of neighbour cells is sent to UEs as a configuration parameter of SSB-based measurement, and it could be configured per-cell together with default value (per-frequency) for cells not included in cell list if per-cell configuration is not large in the perspective of signalling overhead. And information on actual transmitted SSB of serving cell can be additionally configured for optimization of serving cell operation. 
For connected mode, information configured in idle mode could be used as default values and additional information could be configured per-cell for both serving cell and neighbour cell together with measurement periodicity. For serving cell, information on actual transmitted SSB should be configured with full information (e.g. 64 bit bitmap information for L=64) for exact rate matching information of PDSCH as well as optimization of measurement operation. On the other hand, since per-cell configuration for neighbour cell requires large size of signalling message, it would be transmitted in compressed form for minimization of signalling overhead and exact way for compression is given in companion contribution [3]. In addition to per-cell configuration, default configuration for actual transmitted SS block should be included for cells not included in cell list.
Proposal 6. Information on actual transmitted SSB is transmitted per cell including serving cell together with default configuration for neighbour cell (per frequency).
4. Conclusion
In this contribution, we discussed SSB-based measurement for both idle mode and connected mode and our proposals are given as follows:
Proposal 1. Power offset of PBCH DM-RS to SSS is fixed to 0dB. If the power boosting of SS and PBCH DM-RS is considered for coverage enhancement, it is just an implementation issue of gNodeB.
Proposal 2. SSS RSRP is used for SS/PBCH RSRP, and PBCH DM-RS RSRP is compensated by power offset defined in spec in order to obtain SS/PBCH RSRP. In addition, beam-level RSRP is used as SS/PBCH RSRP in physical layer.

Proposal 3. The exact definition of antenna connector needs to be described in the specification, and it is proposed that antenna connector is defined as the position after the analog beamforming is done. .
Proposal 4. With default configuration, RSSI is beam-specifically measured only from all resource elements within SS block used for RSRP measurement. In case of beam coordination, resource elements for RSSI measurement can be specified by network.
Proposal 5. The measurement window (consisting of measurement duration, periodicity and slot offset) is configured as parameters for SSB-based measurement. In case of multiple measurement periodicity, measurement opportunity within measurement window is configured per cell.

Proposal 6. Information on actual transmitted SSB is transmitted per cell including serving cell together with default configuration for neighbour cell (per frequency).
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