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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 not only bring extra UE power consumption and complexity, but also lead to potential loss of paging in certain scenario.
In this contribution we elaborate this problem and propose to inform RAN1 and RAN2 to address this issue.

2. Discussion
How to measure RSSI is specified in SS-RSRQ definition 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


The yellow highlighted content is troublesome for measurement in RRC_IDLE and RRC_INACTIVE state. For UE in idle and inactive state, RSSI measurement is controlled by system information:
[image: image1.png]SIB3-information-element.-

ASN1START«

—— “TAG-SIB3-START«

- IAG-SIB3- START:

SIB3 -+ SEQUENCE - {«

~ _intraFregNeighCellList+ - -~ - IntraFregNeighCellList- —» OPTIONAL, » —--Need-Ne
intraFregBlackCellList» —» ~ - IntraFregBlackCellList- — OPTIONAL, » —— -Need-Ne

lateNonCriticalExtension » -+ —+ » OCTET-STRING » — - - OPTIONAL«

~+ SEQUENCE - (STZE - (1..maxCellIntra)) -OF -IntraFregNeighCellInfoe

L
@
IntraFregNeighCellList -
3
T

traFregNeighCellInfo - ~+ SEQUENCE -{+

n
~ physCellld> - » —» —» = - PhysCellld,
~ g oOffsetCell = - = - =+ - o OffsetRange,«

-FIXME: -The -ssb-ConfigMobility -does 'no -longer -contain -the -timing -configuration!!

T Esb-configMebility- - - - - sSsConfigMobility+ - -~ OPTIONAL,»

@





[image: image2.png]SIB4- SEQUENCE - {+
~+ _interFreqCarrierfreqList

~ InterFreqcarrierfreqList,«

-+ OCTET -STRING » -

OPTIONALs

-SEQUENCE - (SIZE - (1. .maxFreq) ) -OF -InterFreqCarrierFregInfc

@
InterFreqCarrierFregList
3
T

nterFreqCarrierFreqInfo -:

-SEQUENCE - {«

dl-Carrierfreq- - -

ARFCN-ValueNR,«

multiFrequencyBandLiStNR - »

MultiFrequencyBandListNR,«

nrofSs-BlocksToAverage -+

INTEGER - (2. .maxNrofSs-BlocksToAverage) » —

OPTIONAL,

absThreshss—BlocksConsolidationsThresholdNR+ —» —» - = -

OPTIONAL, ¢

5S-RSSI-Measurements -

= ~ - SS-RSSI-Measurement» - - =~ - — — - OPTIONAL,«
~ g-RxlevMin- - - » - - -~ Q-RxlevMin,«

~ Q- RxLevMinSUL » » =~ - - - QO-RxlevMin-» - - OPTIONAL, -» - ---Need-Ne

~ q-QualMin - - =~ =~ - =~ - Q-OualMin,s

> pMax » - » » + » 5 o P-Max » - —+ » _» o - OPTIONAL, » - ——-Need"N
~ t-ReselectionNR» —» — - - T-Reselection,«

~ threshX-HighP » » =~ - - - ReselectionThreshold,«

~ threshX-LowP - =~ — - - - ReselectionThreshold,«

~ threshxQ - - =~ =~ - - SEQUENCE-{«

~ - threshXx-Highg» =~ - - - - ReselectionThresholdg,«

~ - threshX-Lowg » =~ - - - - ReselectionThresholdgw

> J o o o > 5 5 5 5 5 5 5 5 5 5 5 5 5 OPTIONAL, -—— -Cond ‘RSRQw
~ cellReselectionPriority» - - CellReselectionPriority+ —» OPTIONAL, » - ---Need-Ne

~ g OffsetFreq = — = - - - Q-OffsetRange » - =~ — — DEFAULT-dBO,«

~ interFreqNeighCellList» - - InterFreqNeighCellList— - OPTIONAL, = - ---Need-Nv

~ interFregBlackCelllist» - - InterFreqBlackCellList— - OPTIONAL, = - ---Need N«

”

SEQUENCE - (SIZE - (1..maxCellInter)) -OF -InterFregNeighCelllInfox

@
InterFregNeighCellList -:
3
T

nterFreqNeighCellInfo -:

SEQUENCE - {+

physCellld»> - -+ -

PhysCellld,«

q-OffsetCell » - -

Q-OffsetRange,

—— ‘FIXME

-The -ssb-ConfigMobility -does -no -longer -contain -the -timing -configuration!

SSB-ConfigMobility » -

OPTIONAL, ¢





[image: image3.png]+ -+ -+~ SEQUENCE-{«

-

-+ ssb-ToMeasure » - —+ —+ - -+ - SetupRelease{ SSB-ToMeasure-}- - - —+ = —+ = > - - OPTIONAL, - ——
~ useServingCellTimingForSync+ -+ —» -~ BOOLEAN,¢

- PEBRESERMESEEEWERE- - - - - <~ - SS-RSSI-Measurement- - -~ <+ + -+ o - o - - OPTIONAL, - — -Need M





[image: image4.png]ASN1START.
TAG-SS—RSSI-MEASUREMENT-START«

SEQUENCE - {«

TAG-SS—RSSI-MEASUREMENT-STOP
ASN1STOP«





Observation 1: even in IDLE and INACTIVE state, SSB based RSSI measurement shall be performed on certain slots if indicated by network.
1) Intra-frequency measurement

For intra-frequency synchronous network, UE can simply do the measurement following serving cell timing if useServingCellTimingForSync is set to TRUE. 

However, when useServingCellTimingForSync is set to FALSE (most likely in FDD bands), UE cannot use the serving cell timing to derive the SSB index of neighbour cells. Thus, the UE cannot get frame boundary unless it reads PBCH of the target cell (above 3GHz). Without frame boundary information, UE is not able to do the measurement on the indicated slots.
Observation 2: without reading neighbour cell PBCH, UE cannot measure the neighbour cell RSSI on indicated slots if useServingCellTimingForSync is set to FALSE (above 3GHz).

2) Inter-frequency measurement

When measuring an inter-frequency neighbour cell, the serving cell timing cannot be used anymore even if useServingCellTimingForSync is set to TRUE. According to RAN1 progress in #93 meeting, when useServingCellTimingForSync is set to TRUE, it means for inter-frequency UE may use timing of any detected cell in the target frequency layer to derive the SSB index of neighbor cells of the target frequency layer. Note cells in different frequency layer are not assumed to be half radio frame aligned. Therefore, UE cannot get frame boundary unless it reads PBCH of the target cell (above 3GHz). Without frame boundary information, UE is not able to do the measurement on the indicated slots.
Observation 3: UE cannot measure RSSI on indicated slots for an inter-frequency target cell without reading its PBCH (above 3GHz).
For target cell in low frequency band (below 3GHz), UE doesn’t need to read PBCH to get frame and slot boundary. Instead, UE can get this information by detecting DMRS. However, this also requires extra effort.
One thing we need to highlight is that in RAN4 UE is not assume to be able to simultaneously receive paging in serving cell and PBCH from neighbour cell. Corresponding requirement can be found in TS38.133 section 4.2.2.6, wherein interruption in paging reception is only allowed when UE determines to perform cell reselection and receive system information of target cell.
Observation 4: as baseline, UE is not assumed to be able to simultaneously receive paging in serving cell and PBCH from neighbour cell.

Therefore, in order to receive PBCH from target cell, UE needs to smartly wake up outside the paging window to read the neighbour cell PBCH. This will bring extra power consumption and complexity. What is worse is the case that the paging window is collided with SMTC window of the target cell. In such scenario if UE is mandated to read PBCH of target cell, then some loss of paging can be expected.

Observation 5: reading PBCH of neighbour cell will bring extra UE power consumption, complexity and loss of paging in certain scenario.
To address this issue, we propose to inform RAN1 and RAN2 to, 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: without reading neighbour cell PBCH, UE cannot measure the neighbour cell RSSI on indicated slots if useServingCellTimingForSync is set to FALSE (above 3GHz).
Observation 3: UE cannot measure RSSI on indicated slots for an inter-frequency target cell without reading its PBCH (above 3GHz).
Observation 4: as baseline, UE is not assumed to be able to simultaneously receive paging in serving cell and PBCH from neighbour cell.
Observation 5: reading PBCH of neighbour cell will bring extra UE power consumption, complexity and loss of paging in certain scenario.
Proposal 1: inform RAN1 and RAN2 to address this issue.
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