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1. Introduction
Last meeting, RAN4 discussed the signal quality metrics for NR. A WF was approved in [1]. The possible candidates of NR signal qualities are RSRQ and SINR like metrics.

In this contribution, we further discussed how to measure RSRQ/SINR based on SS block and CSI-RS.
2. SS block based measurements
An SS block consists of PSS-PBCH-SSS-PBCH as illustrated in Figure 1. The bandwidth of PSS/SSS is 127 subcarriers, the bandwidth of PBCH is 288 subcarriers. The center frequency of NR-PSS and SSS is aligned with center frequency of NR-PBCH. SSS and PBCH DMRS can be used for RRM measurement.
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Figure 1: SS block composition
2.1 RSRQ

SS block based RSRQ definition could be similar as LTE RSRQ: 
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SS block RSRP is the linear averaged power of the REs that carry SSS and PBCH DMRS. NR carrier RSSI is the linear averaged of the total received power observed on OFDM symbols containing SSS and PBCH DMRS.
In LTE, RSSI is measured from OFDM symbols containing reference signals. Since the OFDM symbols includes both data and CRS REs, RSRQ can reflect the real serving cell and interfering cell data condition. 
However, the OFDM symbols of NR SS block contains only common reference signals (PSS SSS) and common physical channel (PBCH), the measured NR RSSI is static and cannot reflect real cell quality. Hence, SS block based RSRQ measurement needs to contain sufficient number of data REs in order to reflect real cell quality.
Observation 1: SS block based RSRQ lack of data channel cannot reflect real cell quality.
Proposal 1: SS block based RSRQ containing sufficient number of data REs should be considered as NR signal quality metric.
One possible solution is to transmit some data in SS blocks, i.e. the empty space between PSS/SSS and PBCH. The feasibility is up to RAN1 decision. In this way, legacy RSRQ definition can be reused and no extra UE complexity is introduced. 
Another solution is to extend the measured bandwidth [2]. This can be implemented by network configuration, similar as LTE wideband RSRQ. 
Extension on measured time duration is also a candidate solution [3], which needs to modify the legacy RSRQ definition. RSSI measurement needs to be performed over certain time duration containing SS blocks and data, instead of only OFDM symbols containing SS blocks.
Before discussing how to measure RSSI over extended time duration, we need to understand RAN1 S burst set composition and SS block symbols mapping. SS burst set is confined to a 5ms window. RAN1 agreed SS burst set composition is shown in Figure 2. 
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Figure 2: SS block mapping pattern
In each SS burst set, SS blocks are not transmitted consecutively. SS blocks occupy 9 symbols in every 14 symbols, some symbols are preserved for DL/UL control and guard period. For example, in case of 15KHz, two candidate locations of SS blocks are at symbols 2-5 and 8-11 (Figure 3). The density of SS blocks is the same under different number of SSBs and SCS. Table 3 summarizes the SS burst set duration under different cases.
In order to include sufficient data REs for RSRQ measurement, RSSI could be measured over T ms time duration starting form the first symbol of the slot containing SS block. T is same as the SS burst set duration (see Table 3), which is varied according to different number of SSBs and SCS.
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Figure 3: SS block mapping for 15KHz
Table 3: SS burst set duration
	Frequency range
	SCS
	Number of SSBs per SS burst set (L)
	SS burst set duration

	F<3GHz
	15KHz
	4
	2ms

	3GHz<F<6GHz
	15KHz
	8
	4ms

	F<3GHz
	30KHz
	4
	1ms

	3GHz<F<6GHz
	30KHz
	8
	2ms

	F>6GHz
	120KHz
	64
	5ms

	F>6GHz
	240KHz
	64
	2.5ms


2.2 SINR
SS block based SINR definition could be similar as LTE RS-SINR:

[image: image7.emf]SS —SINR =

SS

SS

I..+N

SS









 

SS

-

SINR

=

E

SS

I

SS

+

N

SS


ESS, ISS and NSS  are the linear averaged power of the SSS and PBCH DMRS in the measured bandwidth for the serving cell, interfering cell and thermal noise respectively.

Since SINR is measured only on reference signals, it may not fully indicate the interference experienced on all REs. In the case of colliding SS block, SINR measurement represents always the worst case, i.e. interferer with full load. So SS block SINR may be underestimated in the case of colliding SS block with very low interferer load.
Observation 2: SS block based SINR may be underestimated in the case of colliding SS block with very low interferer load.

In NR, according to RAN1 agreement, the SS blocks belonging to different cells could be transmitted in different carrier frequencies even the cells are on the same centre frequency, in order to mitigate the interference on SSS, PSS and PBCH. Hence, for intra-frequency cells or inter-frequency cells in synchronized network, SS blocks are not necessarily colliding. 
This is also related to another topic of how to define intra-frequency and inter-frequency measurements in NR. Based on our understanding, if SS blocks from intra-frequency cells are transmitted on different carrier frequencies, from UE perspective, intra-frequency may become an inter-frequency measurement. 
Observation 3: SS blocks from intra-frequency cells can be transmitted on different carrier frequencies in order to avoid collision.
Proposal 2: SS block based SINR should be considered as NR signal quality metric.

3. CSI-RS based measurements
	RAN1 NR AH#2 Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR

· Configurable periodicity (as already agreed)

· {5, 10, 20, 40, [80, 160]} ms are supported

· This does not mean periodicity will be configured per CSI-RS resource

· Configurable transmission bandwidth (as already agreed)

· FFS candidate values

· Configurable measurement bandwidth (as already agreed) and frequency location

· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported

· FFS other candidate values for wider bandwidth for each SCS

· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported

· Configurable parameters for sequence generation 

· Configurable numerology

· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported

· Association between CSI-RS for RRM measurement and SS block

· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused

· Configurable CSI-RS time/frequency resource (as already agreed)

· CSI-RS design including RE mapping and density for beam management is assumed as baseline

· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties
Agreements:

· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management

· Value of D>=1 represents RE/RB/port within a OFDM symbol.

· For the case of 1-port

· No CDM

· Subcarrier spacing within a PRB for D>1

· Even spacing

· Constant subcarrier spacing across PRB(s)

· Constant subcarrier spacing within a BWP

· FFS the values of D 

· For the case of 2-port:

· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)

· FFS: the potential number of CSI-RS OFDM symbols for beam management

· FFS: other values of X and D for beam management 

· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”


According to RAN1 agreements in NR AH#2, The CSI-RS resource with 1-port and 2-port can be used for beam management and RRM measurement. Since the CSI-RS RE mapping are not likely to occupy all the REs in one OFDM symbol, certain number of data REs will be included in RSRQ measurement. Hence no problem is foreseen for CSI-RS RSRQ measurement. 
Observation 4: No problem is foreseen for CSI-RS based RSRQ measurement.

CSI-RS for RRM measurements for L3 mobility design is more flexible than SS blocks. Since the transmission periodicity, transmission bandwidth, measured bandwidth are all configurable, it seems feasible to configure non-colliding CSI-RS for serving and target cells. Also, zero power CSI-RS can be configured to measure the interference. Hence, no problem is foreseen for CSI-RS based SINR measurement.
Observation 5: No problem is foreseen for CSI-RS based SINR measurement.

Proposal 3: CSI-RS based RSRQ and SINR should be considered as NR signal quality metrics.
4. Conclusion
In this contribution, we further discuss the signal quality measurements for NR mobility including RSRQ and SINR. Observations and proposals are provided as follows:
Observation 1: SS block based RSRQ lack of data channel cannot reflect real cell quality.
Observation 2: SS block based SINR may be underestimated in the case of colliding SS block with very low interferer load.

Observation 3: SS blocks from intra-frequency cells can be transmitted on different carrier frequencies in order to avoid collision.
Observation 4: No problem is foreseen for CSI-RS based RSRQ measurement.

Observation 5: No problem is foreseen for CSI-RS based SINR measurement.
Proposal 1: SS block based RSRQ containing sufficient number of data REs should be considered as NR signal quality metric.

Proposal 2: SS block based SINR should be considered as NR signal quality metric.
Proposal 3: CSI-RS based RSRQ and SINR should be considered as NR signal quality metrics.
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