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1. Introduction

Currently, NR carrier RSSI measurement can be performed on indicated slots in time domain. This network controlled RSSI measurement applies not only in CONNECTED state, but also in IDLE and INACTIVE state. However, doing such measurement in IDLE and INACTIVE state will bring extra UE power consumption and complexity.
In this contribution we elaborate this problem and propose to inform RAN1 and RAN2 to address this issue.

2. Discussion
SS-RSRQ definition is specified in TS38.215 [1]:
	Definition
	Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio of N×SS-RSRP / NR carrier RSSI, where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

NR carrier Received Signal Strength Indicator (NR carrier RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The measurement time resource(s) for NR Carrier RSSI are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.
If indicated by higher-layers, for a half-frame with SS/PBCH blocks the NR Carrier RSSI is measured from OFDM symbols of the indicated slots and the OFDM symbol are given by Table 5.1.3-1. Otherwise, if measurement gap is not used, NR Carrier RSSI is measured from OFDM symbols within SMTC window duration and, if measurement gap is used, NR Carrier RSSI is measured from OFDM symbols corresponding to overlapped time span between SMTC window duration and minimum measurement time within the measurement gap.

Table 5.1.3-1: NR Carrier RSSI measurement symbols

OFDM signal indication

SS-RSSI-MeasurementSymbolConfig
Symbol indexes

0

{0,1}

1

{0,1,2,..,10,11}

2

{0,1,2,…, 5}

3

{0,1,2,…, 7}
If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRQ measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).
For frequency range 1, the reference point for the SS-RSRQ shall be the antenna connector of the UE. For frequency range 2, NR Carrier RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch, where the combining for NR Carrier RSSI shall be the same as the one used for SS-RSRP measurements. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRQ value shall not be lower than the corresponding SS-RSRQ of any of the individual receiver 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


Observation 1: Even in IDLE and INACTIVE state, SSB based RSSI measurement shall be performed on certain slots if indicated by network.
It is agreed in RAN1,

	Agreements:
•
For intra-frequency measurements, SS-RSSI configured by higher layers is measured with timing reference from serving cell in the frequency layer.

•
For inter-frequency measurements, SS-RSSI configured by higher layers is measured with timing reference from any one of the cells in the target frequency layer


Regarding intra-frequency SS-RSSI measurement in idle/inactive mode, it is clear that the SS-RSSI measurements are based on the timing of serving cell. UE clearly knows the timing of its own serving cell. No extra effort is needed to perform intra-frequency SS-SINR measurement.
Observation 2: No extra effort is needed to perform intra-frequency SS-SINR measurement.
However for inter-frequency SS-RSSI measurement in idle/inactive mode, the RSSI measurement is based on the timing reference of the target frequency layer. Herein we duplicated the related content of inter-frequency RSSI measurements from TS 38.331.
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= endSymbol-
Within a slot that is configured for RSSI measurements (see measurementSiots) the UE measures the RSS! from symbol 0 to symbol endSymbol. This field identifies the entry
in Table 5.1.3-1 in TS 38.215 which determines the actual end symbol.

=measurementSlots.
Indicates the slots in which the UE can perform RSSI measurements.
The first (left-most / most significant) bit in the bitmap corresponds to the first slot in the SMTC window, the second
bit in the bitmap corresponds to the second slot in the SMTC window, and so on. The UE measures in slots for which the corresponding bit in the bitmap is set to 1.
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It can be observed that network indicates the slots and symbols for SS-RSSI measurement. The to-be-measured slots are indicated within 5ms, in other words, network indicates the slots within SMTC window. The indicated OFDM symbols are within the indicated slot. Thus in order to perform inter-frequency SS-RSSI measurement, the symbol level timing and the slot level timing shall be acquired.
- The symbol level timing can be obtained by PSS/SSS detection. 
-The slot level timing within SMTC window can be obtained by SSB time index decoding.

· When the target frequency is below 3GHz, the SSB time index can be obtained without decoding PBCH. 
· When the target frequency is above 3GHz and below 6GHz, the SSB time index can be obtained by matching the DMRS on PBCH. 
· When the target frequency is above 6GHz, the completed time index information is included in PBCH. 
As we know, in LTE idle mode, UE doesn’t need to read PBCH of the target frequency when performing inter-frequency measurements.

Observation 3: For inter-frequency RSSI measurements in idle/active mode, UE cannot measure RSSI on indicated slots of the target cell without reading its PBCH when the target frequency is above 3GHz.
To our knowledge, reading PBCH to perform inter-frequency RSSI measurement in idle/ active mode will bring some disadvantages:

1. Additional power consumption and complexity results from PBCH decoding. As we discussed when defining the PBCH decoding delay, additional 3 SMTC occasions are needed for FR1. Compared with the implementation without PBCH decoding, the additional complexity and power consumption are foreseen.
2. At last meeting, some company point out that for inter-frequency RSSI measurement, any one of the cells in the target frequency layer can be as time reference, and UE is not request to read PBCH every time. We agree with this logic. But one thing shall be noted that when UE is moving, the selected cell for timing reference may be not in the neighbour cell list. So UE still needs to monitor and decode PBCH on the target frequency.
3. The mobility performance shall be considered. Decoding PBCH especially in FR2 will extend the RSRQ measurement period and this will inevitably degrade the mobility performance.
To address this issue, we propose to inform RAN1 and RAN2, e.g. add condition on this indicated slots measurement that this should only apply for UE in connected state, or remove measurementSlots out of the measurement configuration IE in system information.

Proposal 1: inform RAN1 and RAN2 to address this issue.
3. Conclusions
In this contribution we point out that measuring RSSI on indicated slots for UE in IDLE and INACITVE state will bring extra power consumption, complexity and loss of paging in certain scenario. After discussion the following observations and proposal are provided:
Observation 1: Even in IDLE and INACTIVE state, SSB based RSSI measurement shall be performed on certain slots if indicated by network.
Observation 2: For inter-frequency RSSI measurements in idle/active mode, UE cannot measure RSSI on indicated slots of the target cell without reading its PBCH when the target frequency is above 3GHz.
Proposal 1: inform RAN1 and RAN2 to address this issue.
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