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1. Introduction

At the last RAN1 NR adhoc meeting, NR RRM measurement based on SS/PBCH block (SS block) was discussed and RAN1 made following agreements [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


In this contribution, we discuss on remaining issues on measurement configuration, RSRP definition for SS block based measurement, and necessity and definition of signal quality measurement such as RSRQ/SINR based on SS block. 
2. Discussion on remaining issues on measurement configuration
At the last RAN1 NR adhoc meeting, it was agreed that for inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier. It is still under discussion whether single SMTC or multiple SMTCs across different frequency carriers can be configured for inter-frequency CONNECTED mode measurement.
For cells on different carrier frequencies, different SS burst set periodicities and different number of SS blocks within a SS burst set may be applied to different cells according to different antenna configuration/deployment place. In that case, appropriate measurement timing/duration for each cell on different frequencies may be different. RAN1 agreed that up to two measurement window periodicities can be configured for intra-frequency CONNECTED mode measurement. For inter-frequency CONNECTED mode measurement, considering the tradeoff between flexibility and complexity, only single SMTC could be configured at least per frequency carrier. However, for different carriers, it would be beneficial if different sets of information regarding SS burst periodicity/timing/duration for RRM measurement can be configured. Therefore, NR should support to configure single SMTC per frequency carrier (i.e., multiple SMTCs for multiple inter-freq. carriers).
In addition to the SS burst set timing/periodicity/duration information, it is also beneficial to notify the range or list of SS block index actually used by neighboring cells [2]. The range or list information could be common to multiple or all neighbor cells to reduce the operation effort and signaling overhead. When the maximum number of SS blocks defined in specification is large but the actually used SS block index (and its range) is limited, such information on range or list of index could significantly reduce UE measurement effort.

Proposal 1:
· For inter-frequency CONNECTED mode measurement, single SMTC per frequency carrier (i.e., multiple SMTCs for multiple inter-freq. carriers) can be configured.
· NR supports indication of the range or list of SS block index actually used by multiple/all neighboring cells.
3. Discussion on RSRP definition for SS block based measurement
In LTE, CRS based RSRP is defined in TS 36.214 as shown in Table 1 below [3]. In previous RAN1 meetings, it was agreed that UE uses at least NR-SSS to derive SS block RSRP, and PBCH-DMRS can be used in addition to NR-SSS to derive SS block RSRP. Currently TS 38.215 draft including RSRP definition for SS block based measurement is discussed. Current version of RSRP definition for SS block based measurement is shown in Table 2 [4]. The basic SS/PBCH-RSRP definition is fine. Regarding the name of “SS/PBCH-RSRP”, some companies prefer “SS-RSRP” rather than “SS/PBCH-RSRP” since PBCH-DMRS “may” be used for SS/PBCH-RSRP determination. We also think some UEs would satisfy RAN4 requirements on SS/PBCH-RSRP based only on NR-SSS. However, since PBCH-DMRS is always available together with NR-SSS, we think utilizing both NR-SSS and PBCH-DMRS should be considered as baseline to derive RRM requirements as long as utilizing PBCH-DMRS does not cause significant UE burden. 
Table 1 CRS based RSRP in LTE [3]


	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. 
	

	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


NOTE 1: 
The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

NOTE 2: 
The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

Table 2 SS/PBCH-RSRP definition [4]

	Definition
	SS/PBCH reference signal received power (SS/PBCH-RSRP) is defined as the average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals.

For SS/PBCH-RSRP determination demodulation reference signals for physical broadcast channel in addition to secondary synchronization signals may be used. SS/PBCH-RSRP using demodulation reference signal shall be measured by averaging over the power contributions of the resource elements that carry demodulation reference signals taking into account power scaling for the reference signals as defined in 3GPP TS 38.213 [5]. 


SS/PBCH-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.

[The reference point for the SS/PBCH-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.]

	Applicable for
	[RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency,

RRC_INACTIVE inter-frequency,

RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency]


NOTE 1: 
The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

NOTE 2: 
The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

Proposal 2:
· The current SS/PBCH-RSRP definition in draft TS 38.215 v0.0.2 is fine.
4. Discussion on necessity and definition of signal quality measurement 
In LTE, RSRQ is defined and supported for RRC_IDLE UEs and RRC_CONNECTED UEs for intra-frequency and inter-frequency measurement. RS-SINR is defined in Rel-13 and supported for RRC_CONNECTED UEs for intra-frequency and inter-frequency measurement. RS-SINR measurement is introduced mainly for the purpose of allowing network to better predict the achievable user throughput for multi-carrier load distribution. Hence, similar as LTE, both RSRQ and SINR could be defined and supported in NR as they may have different usage scenarios and purposes. However, whether beam-level RSRQ/SINR and/or cell-level RSRQ/SINR is necessary or not should be discussed further. In NR, SS block based RSRQ should be supported for RRC_IDLE UEs and RRC_CONNECTED UEs for intra-frequency and inter-frequency measurement. SS block based SINR can also be supported for RRC_CONNECTED UEs for intra-frequency and inter-frequency measurement. The definition of beam-level/cell-level RSRQ and SINR based on SS block should be further studied, e.g., the resources for RSSI measurement and the resources for interference and noise measurement, the UE Rx beam for measurement, the calculation method for RSRQ and SINR, etc. 
Proposal 3:
· In NR, SS block based RSRQ should be supported for RRC_IDLE UEs and RRC_CONNECTED UEs for intra-frequency and inter-frequency measurement. 
· FFS beam level RSRQ and/or cell level RSRQ

· In NR, SS block based SINR should be supported for RRC_CONNECTED UEs for intra-frequency and inter-frequency measurement.
· FFS beam level RSRQ and/or cell level RSRQ
5. Conclusion 

In this contribution, we discussed remaining issues on measurement configuration, RSRP definition for SS block based measurement, and necessity and definition of signal quality measurement such as RSRQ/SINR based on SS block. Based on analysis above, we have following proposals.
Proposal 1:
· For inter-frequency CONNECTED mode measurement, single SMTC per frequency carrier (i.e., multiple SMTCs for multiple inter-freq. carriers) can be configured.

· NR supports indication of the range or list of SS block index actually used by multiple/all neighboring cells.
Proposal 2:
· The basic SS block RSRP definition in draft TS 38.215 is fine.
· The cell level RSRP definition in draft TS 38.215 needs some modification
Proposal 3:
· In NR, SS block based RSRQ should be supported for RRC_IDLE UEs and RRC_CONNECTED UEs for intra-frequency and inter-frequency measurement. 
· FFS beam level RSRQ and/or cell level RSRQ

· In NR, SS block based SINR should be supported for RRC_CONNECTED UEs for intra-frequency and inter-frequency measurement.
· FFS beam level RSRQ and/or cell level RSRQ
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