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1 Introduction
This is document of email discussion#54 in RAN2#105:
· [105#54][NR/eCA-DC] – Measurement configuration (Qualcomm)


Details of measurement configurations and measurement reporting 


Whether LTE UE in idle mode is provided with NR measurements


Intended outcome: Report to next meeting


Deadline: Thursday 28/03/2019
Rapporteur would like to have following schedules for this email discussion to have enough time for preparing the summary report.
· Phase 1 (2019-03-25): Companies are invited to provide inputs and comments for questions.
· Phase 2 (2019-03-28): Rapporteur will provide email discussion reports with proposals.

2 Discussion 
First note that as indicated in the WID of DCCA enhancement [1], “the LTE Rel-15 euCA work should be utilized, when applicable”:

RP-181469:

Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]

o
This objective applies to MR-DC, NR-NR DC and CA

o
The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode

o
The impacts on UE power consumption should be minimized

o
The LTE Rel-15 euCA work should be utilized, when applicable
Therefore, in Section 2.1, we will first provide an overview of the existing early measurement configuration specified for LTE, and then discuss configuration IE one by one whether it can be reused in NR.  
Meanwhile, note that RAN2#105 [2] made the following agreements on introducing NR specific measurement configurations and beam measurements: 
Agreements:

For IDLE/INACTIVE

1 Rel-16 early measurement configuration may contain both NR and LTE configuration, only NR configuration or only LTE configuration, to support various MR-DC and CA scenario. FFS on details.  IDLE mode and INACTIVE mode details will be discussed separately

2 NR early measurement configuration should include NR specific measurement parameters configurations.

3 Available beam and cell level measurement results can be included in early measurement reporting if configured.  

Therefore, in Section 2.2, we will discuss what NR (Rel-15) specific measurement parameters are required to be introduced in early measurement of Rel-16 DCCA.  

Finally, in Section 2.3, we will discuss some other related issues identified in RAN2#105 contributions [4-12].

2.1 Discussion on reusing LTE euCA measurement configuration

In rel-15 LTE euCA, early (IDLE) measurement configuration can be provided in the RRCConnectionRelease message and SIB5. The followings are the ones in the RRCConnectionRelease message [3]:
RRCConnectionRelease-v1530-IEs ::=
SEQUENCE {


drb-ContinueROHC-r15



ENUMERATED {true}


OPTIONAL,
-- Cond UP-EDT


nextHopChainingCount-r15


NextHopChainingCount

OPTIONAL,
-- Cond UP-EDT


measIdleConfig-r15




MeasIdleConfigDedicated-r15
OPTIONAL,
-- Need ON


rrc-InactiveConfig-r15



RRC-InactiveConfig-r15

OPTIONAL,
-- Need OR


cn-Type-r15






ENUMERATED {epc,fivegc}

OPTIONAL,
-- Need OR


nonCriticalExtension



RRCConnectionRelease-v1540-IEs


OPTIONAL

}

MeasIdleConfigDedicated-r15 ::= SEQUENCE {


measIdleCarrierListEUTRA-r15
EUTRA-CarrierList-r15



OPTIONAL,
-- Need OR


measIdleDuration-r15

ENUMERATED {sec10, sec30, sec60, sec120,













sec180, sec240, sec300, spare},


...

}

EUTRA-CarrierList-r15 ::= SEQUENCE (SIZE (1..maxFreqIdle-r15)) OF MeasIdleCarrierEUTRA-r15

MeasIdleCarrierEUTRA-r15::=


SEQUENCE {


carrierFreq-r15




ARFCN-ValueEUTRA-r9,


allowedMeasBandwidth-r15


AllowedMeasBandwidth,


validityArea-r15




CellList-r15




OPTIONAL,
-- Need OR


measCellList-r15




CellList-r15




OPTIONAL,
-- Need OR


reportQuantities




ENUMERATED {rsrp, rsrq, both},


qualityThreshold-r15



SEQUENCE {



idleRSRP-Threshold-r15



RSRP-Range




OPTIONAL,
-- Need OR



idleRSRQ-Threshold-r15



RSRQ-Range-r13



OPTIONAL
-- Need OR


}
















OPTIONAL, 
-- Need OP


...

}

CellList-r15 ::=

SEQUENCE (SIZE (1.. maxCellMeasIdle-r15)) OF PhysCellIdRange

And the followings are the ones in the SIB5 [3]:
SystemInformationBlockType5 ::=

SEQUENCE {


interFreqCarrierFreqList


InterFreqCarrierFreqList,


...,
     Omit unrelated part

     …

lateNonCriticalExtension



OCTET STRING
(CONTAINING SystemInformationBlockType5-v8h0-IEs

[[
interFreqCarrierFreqList-v15x0

InterFreqCarrierFreqList-v15x0
OPTIONAL,
-- Need OR



interFreqCarrierFreqListExt-v15x0
InterFreqCarrierFreqListExt-v15x0
OPTIONAL,

-- Need OR



measIdleConfigSIB-r15



MeasIdleConfigSIB-r15
OPTIONAL
-- Need OR

]]
}

MeasIdleConfigSIB-r15 ::= SEQUENCE {


idleMeasuredCarriersEUTRA-r15
EUTRA-CarrierList-r15,

...

}

As a summary, LTE euCA provides below early measurement configurations:

· RAT related configurations

· carrierFreq: LTE carrier frequency to be used for measurements during IDLE mode
· allowedMeasBandwidth: downlink bandwidth for LTE CRS based measurements
· reportQuantities: cell level measurement quantities UE is requested to report

· qualityThreshold: cell level quality thresholds for reporting the measured cells.  
· Non-RAT related configurations

· measCellList: a list of cells the UE is requested to measure and report during IDLE mode
· validityArea: a list of cells within which UE is requested to do IDLE mode measurements. If the UE reselects to a cell outside this list, the measurements are no longer required.
· measIdleDuration: a limitation on the duration of UE performing configured IDLE mode measurements

· It is only included in the RRCConnectionRelease message and mandatory indicated.
We will discuss RAT-related configuration in section 2.2 since it needs to be changed to NR specific measurements. We will focus on Non-RAT related part in this section.
First, we have a simple question to confirm whether NR early measurement configuration can be configured in both NR RRCRelease message and NR system information, as LTE euCA.

Question 1: Do you agree NR early measurements can be configured in both NR RRCRelease message and NR system information, as LTE euCA
	Company
	Yes/No
	Comments

	Qualcomm
	Yes
	Similar to LTE euCA, early measurement configuration in RRCRelase message can be UE dedicated and can override the ones in system information if different. But it is related to signalling procedures, which is out of scoping of this email discussion.

	OPPO
	Yes 
	Similar to LTE euCA.

	NEC
	Yes
	Agree, and we think SIB is to be applied for Idle but not for Inactive (with assuming early measurement is introduced also in Inactive). For Inactive, dedicated signalling (i.e. RRCRelease) is sufficient.

	Ericsson
	Yes
	

	ZTE
	Yes
	We also think the same approach as in LTE can be reused in NR.

	Vivo
	Yes
	

	CATT
	Yes
	Similar to LTE euCA

	Nokia
	Yes
	Similar to euCA LTE, NR early measurements can be configured in both dedicated (RRCRelease) and broadcasted way (NR system information). Dedicated RRCRelease can override the system information.

	Huawei, HiSilicon
	Partially yes
	If the UE only performs early measurements according to information provided when the RRC connection is released, the RRCRelease message is sufficient. The only possible usage of system information would be to perform early measurements according to information from the cell where the UE is camping. FFS whether this is needed.

	Intel
	Yes
	

	LG
	Yes
	We think that both configuration can be applied to Idle. But in Inactive, dedicated signalling is preferred. Further details needs to be discussed.

	Mediatek
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	We think that dedicated signalling should be supported if these measurements require the UE to perform more measurements than needed for re-selection. I.e. in such case the additional measurement burden should only be configured to UEs that really need it.

We think dedicated control is needed at least to support measurement of frequencies only be used to configure SCells on (but not for camping).

	DOCOMO
	Yes
	LTE approach should be the baseline

	Xiaomi
	Partially yes
	For non-stationary case, both SI and dedicated signalling are possible.

For enhancement for stationary case, maybe only dedicated signalling is suitable in certain scenarios.

	China Telecom
	Yes
	


Summary of Question 1: 
· Almost all companies agree that NR early measurements can be configured in both NR RRCRelease message and NR system information. 

· 1 company (Huawei) proposed FFS whether to include early measurement configuration in NR SIB.

· Two companies (Qualcomm and Nokia) proposed that early measurement configuration in RRCRelase message can override the ones in system information if different, as LTE euCA.
· Three companies (NEC and LG) proposed that FFS any difference for INACTIVE state. 

To make progress, rapporteur would like to have below observation and try to see whether we can agree it as general principle but FFS any difference between IDLE and INACTIVE:

Observation 1: Almost all companies agree that NR early measurements can be configured in both NR RRCRelease message and NR system information. FFS any difference between IDLE and INATIVE state. 
IE measCellList indicates a list of cells the UE is requested to measure and report during IDLE mode in LTE. The network can configure it according to network deployment and its preference. It seems that it can be reused in NR and can apply to both IDLE and INACTIVE UEs. Companies are invited to share their opinions on whether it can be reused in NR.
Question 2: Whether a list of cells (similar to measCellList in LTE euCA) can be configured per frequency the UE is requested to measure and report during both IDLE and INACTIVE state in NR 
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	We don’t see any reason why it can’t be reused in NR. And we don’t see difference to apply this configuration for IDLE and INACTIVE UEs 

	OPPO
	Yes 
	Agree .

	NEC
	Yes
	Agree that a list of cells should be configurable per frequency.

	Ericsson
	Yes
	It should be possible to provide a list of carriers/cells separately for LTE and NR

	ZTE
	Yes
	The network can provide the cell list based on network deployment, which can avoid irrelevant UE measurement reporting. So far, we don’t see much necessity to differentiate the cell list for IDLE and INACTIVE UEs. 

However, considering the deployment for CA and DC might be different, we think it would be beneficial to inform the UE about whether a given cell can be used for CA and/or DC, so that the UE can filter the measured frequencies/cells based on UE’s BC capability. 

BTW, the term “per frequency” can be reconsidered based on the conclusion of Q22.

	vivo
	Yes
	

	CATT
	Yes
	Agree

	Nokia
	Yes
	This can be similar to euCA LTE, but for both IDLE and INACTIVE.

	Huawei, HiSilicon
	Yes
	This would be useful so that the UE only measures cells which can really be used for CA or DC according to the network deployment.

	Intel
	Yes
	The same signalling framework can be used for both IDLE and INACTIVE, while the actual content provided by the NW to the UE can be different between IDLE and INACTIVE, for eg., to align with the UE CA/DC capabilities as mentioned by ZTE.

	LG
	Yes
	

	Mediatek
	Yes
	The number of cells per frequency should be limited, which may requires RAN4 input. 

	Apple 
	Yes
	

	Samsung
	Yes
	When introducing dedicated control (see question 1), we think it should be possible to limit the measurement burden. At least a timer should be supported. We think that limiting the measurement burden (of measurements performed on top of those for re-selection) also by defining the area in which to perform these measurements can be regarded as a further enhancement/ optimisation. It should also be noted that network can re-configure upon RNA update.

	DOCOMO
	Yes
	As is in LTE

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 2: 

· All companies agree that a list of cells (similar to measCellList in LTE euCA) can be configured per frequency the UE is requested to measure and report in NR, and it is applied to both IDLE and INACTIVE state. 

· Two companies (ZTE and Intel) proposed that it could be up to NW implementation whether to configure different lists for IDLE and INACTIVE UE.

To make progress, rapporteur would like to have below observation, and try to see whether we can agree it can be introduced and it is up to NW implementation whether to set different lists for IDLE and INACTIVE state:
Observation 2: All companies agree that a list of cells (similar to measCellList in LTE euCA) can be configured per frequency the UE is requested to measure and report in NR, and it is applied to both IDLE and INACTIVE state.

IE measIdleDuration is the duration of UE performing configured IDLE mode measurements in a range from 10 to 300s. When this timer expires, the UE is allowed to stop idle measurements. It can achieve a trade-off between UE power saving and latency reduction. And it also provides flexibility for the network to control the UE behaviour. Companies are invited to share their opinions on whether it can be reused in NR for both IDLE and INACTIVE UEs.
Question 3: Whether validity timer (similar to measIdleDuration in LTE euCA) can be reused in NR to control the duration of UE performing both IDLE and INACTIVE measurements
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	We think this IE is useful to achieve trade-off between UE power saving and latency reduction. In addition, if the UE stays in IDLE/INACTIVE for a long duration beyond the configuration duration, it is left to UE implementation whether to perform any measurements or not. UE can also perform Aperiodic measurements before RACH or during RACH and provide measurement available indication to gNB.

We also think this IE can be applied to both IDLE and INACTIVE UE. Whether candidate value set of the timer is same for IDLE or INACTIVE can be discussed in stage 3.  

	OPPO
	Yes 
	Agree 

	NEC
	Yes
	This is the useful configuration for the network to control a trade-off between the expected measurements information and the UE battery saving. 

	Ericsson
	Yes
	In general, we agree to have a timer controlling for how long the early measurement is to be performed. However, we think we need to reconsider the euCA mechanism to leave it to UE implementation to perform measurements after the timer has expired. Also, another thing to reconsider is that there was no criteria in euCA regarding how long the measurement results are kept after the UE has been suspended or finished performing measurements. 

	ZTE
	Yes
	We agree to introduce “measIdleDuration” to control UE’s measurement, and a similar approach as in LTE can be adopted. 

For IDLE and INACTIVE UEs, so far we don't see the necessity to differentiate the timer, but it is worth to clarify how to cope with the timer when the UE moves from INACTIVE state to IDLE state without informing network, e.g. continue? re-start? or stop? In our understanding, it makes sense to continue the timer counting.

	vivo
	Yes
	Agree with QC, such configuration can allow UE with enough flexibility to avoid too much UE power consumption.

	CATT
	Yes
	It is useful to control UE power consumption.

	Nokia
	Yes
	The validity timer is a way to ensure that there is a positive trade-off between latency and power consumption. This could be applied for both IDLE and INACTIVE mode measurements. One validity timer should be enough (for both IDLE and INACTIVE state measurements).

	Huawei, HiSilicon
	Yes
	This timer is useful to avoid higher power consumption for a very long time if the UE doesn't have any reason to initiate an RRC connection.

	Intel
	Yes
	Same logic as in LTE euCA can be used, and we think the timer value can be different between IDLE and INACTIVE. Can be discussed. 

	LG
	Yes
	

	Mediatek
	Yes
	Agree with QC that it can be left to UE implementation whether to perform measurement after the expiry of the timer. 

	Apple
	Yes
	We agree that the timer is good for UE power consumption in general. 

However, according to current LTE euCA mechanism, the benefit will be diminished if next connection is triggered after the timer expiry since the measurement result will be cleared upon timer expiry. Hence, the optimal trade off that increases the probability of CA/DC configuration without incurring higher power consumption should be considered, i.e. how to start the timer and store the measurement result.

	Samsung
	Yes
	We think that duration is primary mechanism to limit UE measurement burden as it is simple, general and since early measurement results may be less needed for UEs staying inactive for very long (i.e. such inactive UE probably don’t require additional resources).

Note that we think that the UE only reports early measurements (includes results of measurements configured by dedicated signalling) in cells broadcasting related information (i.e. thereby indicating support of the concerned feature)

	DOCOMO
	Yes
	As is in LTE. It is useful for saving UE power consumption and for the network to control the UE behaviour

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 3: 

· All companies agree that validity timer (similar to measIdleDuration in LTE euCA) can be reused in NR to control the duration of UE performing both IDLE and INACTIVE measurements. 

· Two companies (Qualcomm and MediaTek) proposed that we can follow LTE euCA way that it can be left to UE implementation whether to perform measurement after the expiry of the timer. While two companies (Ericson and Apple) think UE behaviors after timer expiry and how long UE stores the measurement result needs further study.
To make progress, rapporteur would like to have below observation, and try to agree it can be introduced but FFS the UE behaviors after timer expiry and FFS how to avoid outdated measurement reporting:
Observation 3: All companies agree that a validity timer (similar to measIdleDuration in LTE euCA) can be reused in NR to control the duration of UE performing both IDLE and INACTIVE measurements. FFS the UE behaviors after timer expiry. FFS how to avoid outdated measurement reporting.
If your answer to Question 3 is Yes, then note that IE measIdleDuration is only included in the RRCConnectionRelease message (i.e. not in LTE SIB5) and mandatory indicated. Companies are invited to share their opinions on whether this rule can be same in NR.
Question 4: if your answer to Question 3 is “Yes”, then whether validity timer (similar to measIdleDuration in LTE euCA) is only included in NR RRCRelease message and mandatory indicated.
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	As we comment in Question 2, we think this IE is important. So, the same rule as euCA should be reused (i.e. mandatory indicated in NR RRCRelease message). If included in system information, the UE will have timer starting timing ambiguity.

Furthermore, we think that including it only in UE dedicated RRCRelease message will provide NW flexibility to set different values of durations when NW sends the UE to IDLE or INACTIVE state, if it would like.  

	OPPO
	Yes 
	Agree 

	NEC
	Yes
	We agree with adding this as mandatory field in RRCRelease message.

	Ericsson
	Yes
	We agree that it should be a mandatory IE in the RRCRelease message. However, even in the case of the non-dedicated early measurement configuration (i.e. via SIB), it should be discussed for how long the measurement results should be kept at the UE. 

	ZTE
	Yes
	Fine to make it mandatory in RRCRelease message.

	Vivo
	Yes
	If this measurement duration configuration is from SIB5, any time UE acquires new configuration from system information after cell reselection, UE would have to perform new measurement. This would lead to excessive UE power consumption

	CATT
	Yes
	We don’t see a strong need to introduce validity timer in SIB

	Nokia
	Yes
	Similar as in euCA LTE, validity timer is only defined for configuration given in RRCConnectionRelease. The reason why here validity timer may not make sense if included in system information is that different Ues have different needs/capabilities. As this would be a broadcasted parameter, all Ues (regardless of their capabilities) would need to comply with it – which is not very optimal. 

	Huawei, HiSilicon
	Yes
	The timer is useful to avoid wasting UE power to do measurements if the UE doesn’t need to go for RRC_CONNECTED for a long time.

	Intel
	Yes
	Should be mandatorily included whenever UE goes out of CONNECTED mode to IDLE or INACTIVE.

	LG
	
	It is sufficient that validity timer is included in release message

	Mediatek
	Yes
	The timer is only used for the dedicated signalling. No need to have it for system information. 

	Apple
	Yes
	It’s fine to only configure the timer in dedicated signalling. 

	Samsung
	Yes
	As indicated in the previous, this should be for additional measurements that are controlled by dedicated signalling. We think it should be avoided that UE is required to perform such measurements indefinitely

	DOCOMO
	Yes
	As is in euCA LTE, only included in RRCRelease is fine.

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 4: 

· All companies agree that the validity timer (similar to measIdleDuration in LTE euCA) is only included in NR RRCRelease message and mandatory indicated. 

It looks companies are aligned. So, Rapporteur would like to have below observation:

Observation 4: All companies agree that the validity timer (similar to measIdleDuration in LTE euCA) is mandatory indicated only in NR RRCRelease message (i.e. not included in NR SIB).

IE validityArea indicates a list of cells within which UE is requested to do IDLE mode measurements. If the UE reselects to a cell outside this list, the measurements are no longer required. It also provides flexibility for the network to control the UE behaviour based on network deployment. In LTE, it is configured as a list of PCIs. Rapporteur noticed some separate discussions on its application in IDLE and INACTIVE state [8, 10], so rapporteur would like to discuss the IDLE and INACTIVE state, respectively. First for IDLE UE, companies are invited to share their opinions on whether it can be reused.
Question 5: Whether validity Area configured as a list of PCIs (as LTE euCA) can be reused in NR to control the area of UE performing IDLE measurements
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	It may be useful but at the expense of NW configuration complexity. It can be reused for IDLE UE as Optional. 

	OPPO
	Yes 
	

	NEC
	Yes
	

	Ericsson
	TBD
	In our view, this parameter could be relevant, but it is an optimization of the feature. Hence, it can be decided later once we have progressed with the basics.

	ZTE
	TBD
	Similar view with Ericcsson, prefer to discuss this later.
In addition, different from LTE euCA, both CA and DC are considered in NR, due to the different deloyment (intra-site, inter-site), so far it is unclear how to configure the Validity Area from network perspective.

	vivo
	Yes
	In some scenarios, CA and DC are only applied in certain area e.g. hop spots, performing idle mode measurement out of the area will bring no benefit, but, on the contrary would unnecessarily consume UE power. Validity area can be configured, as PCIs list, to limit the area where UE should perform idle mode measurement.

	CATT
	Yes
	It may be useful.

	Nokia
	TBC
	Similar view as Ericsson 

	Huawei
	Yes
	The validity area is useful to avoid wasting UE power to do measurements of cells that cannot be used for CA or DC, because the UE can move much further away.

	Intel
	Yes
	Can be useful. 

	LG
	Yes
	

	Mediatek
	Yes
	It is useful to for UE power saving. 

	Apple
	Yes
	

	Samsung
	TBD
	We are not sure this is really needed i.e. seems an enhancement (see question 3).

	 DOCOMO
	Yes
	

	Xiaomi
	TBD
	Same view as Ericsson.

	China Telecom
	Yes
	


Summary of Question 5: considering correlation with Question 6, rapporteur would like to have a joint summary for Question 5 and 6.

Then for the case of INACTIVE UE, [10] proposed that validity area configuration for INACTIVE UE should be further studied, e.g. reduce configuration overhead with RNA list. While [8] thought validity area should strictly smaller than the RNA. Companies are invited to share their opinions.
Question 6: Whether validity Area can be reused in NR to control the area of UE performing INACTIVE measurements, and whether RNA can be used to reduce its configuration overhead in some scenarios
	Company
	Yes/No

for inactive
	Yes/No

to use RNA
	Comments

	Qualcomm
	Yes
	   Yes
	It can be reused for inactive UE configured as a cell list, similar to idle UE. Moreover, we think RNA can be used to reduce configuration overhead in some scenarios, i.e. validity Area can be configured with a cell list and/or RNA list, depending on NW configuration:
If validity area is configured with a cell list for inactive UE, it may introduce large signaling overhead when all the cells in the UE’s RNA list are valid. As we know, as long as UE is still in RNA, the resumed cell can retrieve UE context from UE’s last serving cell via UE context retrieve message. Therefore, if the UE’s resumed MN can retrieve early measurement configuration from the last serving MN, then it can be regarded that the early measurement configuration still valid. Therefore, we think maybe we could reduce configuration overhead of inactive UE through configuring validity area as RAN list. 

As one example, a flag can be included in the RRCRelease message with suspend configuration for RRC inactive UEs. When flag is setting to be “true”, the UE regards the validity area same as the assigned RNA list in the RRCRelease message.

	OPPO
	Yes 
	Yes 
	

	NEC
	Yes
	Yes (and..)
	On the use RNA, with the understanding that the intention is to apply the exactly same as RNA config for validity area, we agree.

On the other hand, we think a simple choice can also workable, i.e. CHOICE of { RNA, cell list (similar to Idle mode) }, because the RNA is potentially big and the measurement results for such big area may not be necessary.

	Ericsson
	TBD (same as for IDLE)
	In principle it is not a good idea to mix concepts of RNA and this validity area
	In our view this parameter could be relevant, but it is an optimization of the feature. Hence, it can be decided later once we have progressed with the basics.

	ZTE
	TBD(same as for IDLE)
	No
	We prefer to discuss this later, even if Validity Area is needed, we haven’t seen much necessity to different validity area for Idle and Inactive Ues. If this is allowed, then considering UE may fall back to Idle mode in specific scenario, does network have to configure two sets of validity areas to UE when UE is released to inactive state?

	Vivo
	Yes
	Yes
	

	CATT
	Yes
	No
	If the validity area is same as RNA list in the RRCRelease message, no additional bit need to be introduced. As the UE performs RNA update procedure if the UE moves out of configured RAN notification area and the network can re-configure early measurement configurations via RNA update procedure, this already can ensure early measurement configuration is only valid in the configured RAN notification area. 

If the validity area is smaller than RNA list in the RRCRelease message, cell list can be used.

	Nokia
	TBD
	
	Prerably to discuss this later but generally we do not see why to add complexity by changing the mechanism for INACTIVE.

	Huawei, HiSilicon
	Yes
	No
	We need to think more whether the validity area would be so large. A possible signalling optimization would be to omit the validity area in the case early measurements are to be performed in the whole ran-NotificationArea configured to the UE.

	Intel
	Yes
	No
	Agree with Ericsson’s comments on not mixing the RNA with the validity area.

	LG
	
	
	We do not have strong preference. We think that reusing the validity timer can be considered


	Mediatek
	Yes
	No
	From function point of view, it would be clearer to have both RNA and validity area and maintain them separately and not mix them for different purposes. From network point of view, it’s possible to configure same sets of cells for those two areas. 

	Apple
	Yes
	No
	If NW cannot promise the fully overlapping of CA/DC deployment and RNA, from signaling perspective, it should support the independent configuration of RNA and validity area.  

	Samsung
	No
	No
	We think the timer may be sufficient. 

Probably too detailed:

We assume that delta signalling is used i.e. when release does not indicate changes, UE maintains the previous configuration and that timer is not restarted. This ensure that if UE temporarily passes a legacy cell, the configuration remains.

It is noted that a legacy eNB is able to release by doing a fallback to setup (i.e. which it may trigger when it does not comprehend some configuration in the UE context). We can discuss whether it should be possible to do a fullConfig for inactive configuration that is maintained in his manner.



	DOCOMO
	Yes
	No
	We prefer not to mixing RNA area with validity area, the details can be decided later on. 

	Xiaomi
	TBD
	TBD
	See our previous comments

	China Telecom
	Yes
	No
	Prefer not mixing the RNA with the validity area.


Summary of Question 5 and 6: 

· 11 companies agree to introduce validity timer. 5 companies (Ericsson, ZTE, Nokia, Samsung and Xiaomi) prefer to further study whether validity Area can be reused in NR to control the area of UE performing IDLE and INACTIVE measurements. 

· 4 companies (Qualcomm, OPPO, vivo and NEC) proposed to consider some signaling optimization for validity Area in INACTIVE state (e.g. based on RNA)
To make progress, rapporteur will try to see whether we can agree the compromised way: introduce validity area as optional. If absent, the UE will not have area limitation of early measurements. FFS any difference in IDLE and INACTIVE state.
So, rapporteur would like to have below observation, 
Observation 5: 11 companies agree to introduce validity timer. 5 companies (Ericsson, ZTE, Nokia, Samsung and Xiaomi) prefer to further study whether validity Area can be reused in NR to control the area of UE performing IDLE and INACTIVE measurements.

2.2 Discussion on NR specific measurement configuration

Different from CRS based measurement in LTE, NR can rely on SSB and CSI-RS for CONNECTED measurements, and only SSB for IDLE/INACTIVE measurements. For Rel-16 early measurements, almost all companies showed their supports for SSB based measurement in their contributions, and only two companies showed some interests for CSI-RS based measurements [7, 12]. To make progress, rapporteur assumes SSB based measurements are accepted by all companies and only discussed its details. Interested companies can make comments in Question 22 on whether CSI-RS based measurements should be further studied. 
For SSB based measurement, it is still per frequency configuration like LTE. Thus, LTE euCA signalling structure which includes a list of frequency can be reused. According to 38.331 [13], the following configurations are provided for IDLE/INACTIVE measurements in SIB4:

InterFreqCarrierFreqInfo ::=
 SEQUENCE {


omitted
     dl-CarrierFreq




ARFCN-ValueNR,


frequencyBandList



MultiFrequencyBandListNR-SIB


OPTIONAL,
-- Need R


nrofSS-BlocksToAverage


INTEGER (2..maxNrofSS-BlocksToAverage)

OPTIONAL,


absThreshSS-BlocksConsolidation
ThresholdNR








OPTIONAL,


smtc







SSB-MTC







OPTIONAL,
-- Need R

ssbSubcarrierSpacing



SubcarrierSpacing,


ssb-ToMeasure




SSB-ToMeasure 





OPTIONAL,
-- Need R

ss-RSSI-Measurement



SS-RSSI-Measurement







OPTIONAL,
     omitted


...

}

For frequency of SSB (dl-CarrierFreq), it is indicated as AFRCN value. For IDLE / INACTIVE UE, it is only required to perform measurements in frequencies located in sync raster which are identifiable with a GSCN value in TS 38.101 [14]. However, as indicated in [5], cells configured as PSCell / Scells may not have any SSB in the sync raster, i.e. the cells do not support Ues to camp there and they are only used for Ues working in DC or CA. Such a cell could then instead have an SSB that is located out of the sync raster. Then the question is whether SSB frequencies to be measured can be located out of sync raster. Companies are invited to share their preference.
Question 7: Whether SSB frequencies to be measured for early measurements (in IDLE and INACTIVE) can be located out of sync raster

	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	In NR rel-15, CD-SSB of Pcell is always in sync raster but CD-SSB of PSCell / Scell can be located out of sync raster, so that NW can offload the limited resource of frequencies located in sync raster. Then for fast DC or CA setup with Scells out of sync raster, the measurements of these Scells (out of sync raster) are useful. Therefore, we think it makes sense to allow SSB frequencies out of sync raster. 

Meanwhile, note that it puts an extra effort for UE IDLE / INACTIVE measurements in NR. It may also mean extra UE power consumption. Similar to LTE euCA, we think the number of frequency layers and the number of cells in each frequency layer should be limited. And exact values require input from RAN4.

	OPPO
	Yes 
	

	NEC
	Yes
	This seems necessary for the early measurement reporting in possible network configurations.

	Ericsson
	Yes
	

	ZTE
	Yes
	Agreed with the observation from Qualcomm. The detailed UE requirements can be further studied in RAN4.

	Vivo
	Yes
	

	CATT
	Yes 
	For RRM measurement in connected mode, SSB frequencies can be located out of sync raster. The similar principle can be reused for early measurement configuration.

	Nokia
	Yes
	It would be very difficult to do anything else and keeping early measurement viable

	Huawei, HiSilicon
	Yes
	It should be possible to configure the UE to perform early measurement of any SSB which can be used for PSCell and Scell, including not on the sync raster. The network is responsible to limit the additional power consumption by limiting the number of cells to measure, the validity area and the validity timer.

	Intel
	Yes
	

	LG
	Yes
	

	Mediatek
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	SSB located out-of-sync raster is already supported for measurements of cells in connected. We can have this as a baseline for early measurement in IDLE/INACTIVE.

	DOCOMO
	Yes
	

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 7: 

· All companies agree that SSB frequencies to be measured for early measurements (in IDLE and INACTIVE) can be located out of sync raster.

Rapporteur would like to have below observation:

Observation 6: All companies agree that SSB frequencies to be measured for early measurements (in IDLE and INACTIVE) can be located out of sync raster.

If answer to Question 7 is Yes, then a followed issue is that it may put an extra effort for UE to perform idle / inactive measurements in NR, as indicated in [4, 9]. Note that in LTE euCA, we have limitation of number for measured frequency and cells, i.e. at most 3 inter-frequencies and at most 8 cells per carrier frequency are supported. [4] proposed that similar limitations can be introduced in NR to resolve the concerns on UE power consumption. If we introduce similar frequency / cell number limitation, then their exact values should be decided by RAN4. Companies are invited to share their preference. 
Question 8: For NR early measurement, whether the maximum number of frequency layers and the number of cells in each frequency layer should be limited, as LTE euCA. 
	Company
	Yes/No
	Comments (if your answer is Yes, please indicating whether we send LS to RAN4)

	Qualcomm
	   Yes
	As we commented in Question 7. IDLE / INACTIVE UE measuring out of sync raster means extra UE power consumption. Like LTE euCA, we think at least the number of frequency layers and the number of cells in each frequency layer should be limited. 

We think exact values require input from RAN4. Thus, we think we should send LS to RAN4 for consulting the exact limitations / requirements.

	OPPO
	Yes 
	Based on euCA.

	NEC
	Yes
	The number can be discussed later (e.g. maybe different from those in LTE euCA).

	Ericsson
	Yes
	This assumption seems reasonable. Details TBD by RAN4.

	ZTE
	Yes
	We share the same view that a LS can be sent to RAN4 for more input on this question.

	vivo
	Yes
	This would reduce UE power consumption

	CATT
	Yes
	NR cell on FR2 has smaller coverage than LTE cell. And early measurement report can also be used to set up DC. The maximum number of frequency layers and the number of cells in each frequency layer need to be larger than those in LTE euCA. We have no strong view on whether to send LS to RAN4.

	Nokia
	Yes
	Infinity is not good option. But actual limit is best to be discussed in RAN4

	Huawei, HiSilicon
	Not relevant
	The signalling is anyway limited. The actual measurement requirements should be defined by RAN4, as usual. It is enough to inform RAN4 of RAN2 agreements.

	Intel
	Yes
	The details are to be decided by RAN4.

	LG
	Yes
	

	Mediatek
	Yes
	The limited number should be discussed by RAN4. Furthermore, we also needs to limit the number of beams. 

	Apple
	Yes
	The limitation of max frequency layers and cell number is necessary and should be discussed in RAN4. 

	Samsung
	Yes
	It would be another way to reduce UE power consumption. Any additional frequency to measure should be controlled by dedicated signaling and timer based limitation (as for any additional measurement burden/ on top of what UE does for re-selection)

	DOCOMO
	Yes
	There should be limited number of frequency layers for early measurement. The details can be discussed in RAN4.

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 8: 

· Almost all companies agree that the maximum number of frequency layers and the number of cells in each frequency layer should be limited.

· Most companies (Qualcomm, Ericsson, ZTE, MediaTek, Intel, Apple and DCM) prefer to send LS to RAN4 for exact limitation values.
To make progress, Rapporteur would like to have below observation:

Observation 7: Almost all companies agree that the maximum number of frequency layers and the number of cells in each frequency layer should be limited. And most companies (Qualcomm, Ericsson, ZTE, MediaTek, Intel, Apple and DCM) prefer to send LS to RAN4 for exact limitation values.
For various measurement configuration of SSB, we would like to discuss IE one by one to get consensus on whether each IE is required to be included in early measurement configurations. Note that although some of them are provided per carrier in system information. However, for early measurements, the Network may configure NR carriers which is not being broadcasted in SIBs, especially if your answer to Question 7 is “Yes” (i.e. NR PSCell / SCell carrier can be located out of sync raster).
SMTC of SSB (smtc) is used to provide timing window to detect SSB. They are indicated in both IDLE/INACTIVE and CONNECTED measurements in Rel-15. Companies are invited to share their preference whether it can be included in NR early measurement configuration. 
Question 9: Whether SMTC of SSB frequencies to be measured can be included in NR early measurement configuration (for both IDLE and INACTIVE).
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	SMTC is the most important configuration for SSB based measurement. Different from CRS in LTE with fixed 5ms periodicity, SSB may be configured with much more sparse distribution in time domain (up to 160ms). Thus, if without SSB, the UE has to perform blind detection for SSB, whose complexity is intolerant when SMTC periodicity is large than or equal to 20ms. Meanwhile, please note that SMTC is included in both idle/inactive and CONNECTED measurements, and various handover (e.g. reconfiguration with sync, LTE to NR HO…) in Rel-15 NR. 

	OPPO
	Yes 
	Same as NR idle measurement configuration.

	NEC
	Yes
	For carrier(s) not provided in SIBs, SMTC is to be provided. For carrier(s) provided in SIBs, the same configuration can be reused.

	Ericsson
	Yes
	SMTC should at least be optional. It could possibly be omitted for SSB carriers whose SMTC is indicated in system information.

	ZTE
	Yes
	For SSB based measurement, SMTC configuration is essential for UE to get the SSB positions of measured neighbour cells. And it applies to both IDLE and INACIVE Ues.

However, besides providing per-frequency level SMTC configuration, we need to further discuss the timing reference aspect. 

For example, a UE is released by serving cell A, and all the SMTC configurations provided are based on the timing reference of cell A. When the UE re-selects inter-freq NR cell B for camping which is not synchronized with cell A, can UE adjust the SMTC configurations accordingly without other assistance? 
In our opinion, maybe the simplest solution is to reuse the SMTC broadcast in system information because the timing reference cell is clear, and this also implies that the SSBs off sync raster are required to be indicated in system information. 

	Vivo
	Yes
	

	CATT
	Yes
	Same as other RRM measurement configurations.

	Nokia 
	Yes
	In NR, while in IDLE/INACTIVE, UE cannot rely on always-on reference signals, as there is no CRS concept. Instead, UE will be measuring in IDLE/INACTIVE based on SSBs (broadcast beams in IDLE/INACTIVE mode). SSB measurement timing configuration is the interval where UE would expect to find SSB and do measurements.

	Huawei, HiSilicon
	Yes
	This is useful to reduce UE power consumption.

	Intel
	Yes
	The main aim of the early measurement configuration by the NW is to give the UE the potential frequencies (and cells) which the UE can measure and report, so that they can be added. The configuration of the measurement for a particular frequency/cell would already be present in the SIBs. 
We should discuss the configuration of frequencies/cells only for the ones that are not broadcasted in the SIBs. 
And our intention is to minimize additional measurement related operations in the UE compared to existing idle mode operation for these frequencies/cells.

Even so, there could be some parts which can create ambiguity at the UE (For eg., the application of SMTC as timing reference).
We think this needs discussion. 

	LG
	
	We think that SMTC should be configured to a frequency which is to be measured

	Mediatek
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	It may need to be broadcast.

	DOCOMO
	Yes
	For SSB whose SMTC is indicated in SIB, it can be reused.

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 9: 

· All companies agree that SMTC of SSB frequencies to be measured can be included in NR early measurement configuration (for both IDLE and INACTIVE).

· Most companies (NEC, Ericsson, ZTE, Intel, DCM) think that NW only indicates SMTC for SSB carriers not included in NR SIB2/4.

To make progress, rapporteur will try whether we can agree SMTC of SSB frequencies not indicated in NR SIB2/4 is included in NR early measurement configuration.

Rapporteur would like to have below observation:

Observation 8: Almost all companies agree that SMTC of SSB frequencies not indicated in NR SIB2/4 is included in NR early measurement configuration (for both IDLE and INACTIVE).
Subcarrier spacing of SSB (ssbSubcarrierSpacing) is provided in Rel-15 RRM because multiple NR operation bands allow 2 SCSs in Table 5.4.3.3-1 of 38.101 (e.g. in band n5, both 15KHz and 30KHz SCSs are allowed). It is provided in NR SIB2/4 and MeasObjectNR. Companies are invited to share their preference whether SCS of SSB is mandatory indicated. 
Question 10: Whether subcarrier spacing of SSB frequencies to be measured is mandatory indicated in NR early measurement configuration (for both IDLE and INACTIVE).
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	In our understanding, if without SCS, the UE has to perform blind detection in overlapping bands, especially if SSB is out of sync raster. Thus, it should be mandatory indicated.

	OPPO
	Yes 
	Same as NR idle measurement configuration.

	NEC
	Yes (but..)
	We understand “mandatory” means that when SIB-based configuration is used, the network shall include SSB subcarrier spacing for frequencies not provided in the SIB but can omit it for frequencies already provided in the SIB. For dedicated configuration (i.e. RRCRelease), we think it can be mandatory field but we are open for discussions.

	Ericsson
	Yes
	

	ZTE
	Yes
	We think the value is probably same with the one in SIBx, so the field can be optional, and the corresponding value in SIB4 can be reused when it is not provided in RRCRelease.

	Vivo
	Yes
	

	CATT
	Yes
	At least for dedicated configuration, it is mandatory configured in NR early measurement configuration.

	Nokia
	Yes
	

	Huawei, HiSilicon
	Yes
	This is useful to reduce UE power consumption.

	Intel
	Yes
	Pls see comments for Q9. The main aim of the early measurement configuration by the NW is to give the UE the potential frequencies (and cells) which the UE can measure and report, so that they can be added.

The configuration is already present in SIB (SCS is mandatory). For frequencies which are not broadcasted, the configuration can be provided in dedicated config, that can result in same operation at the UE as inter-freq measurement in idle mode.

	LG
	Yes
	It is necessary to reduce power consumption of UE.

	Mediatek
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	

	DOCOMO
	Yes
	

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 10: 

· All companies agree that subcarrier spacing of SSB frequencies not indicated in NR SIB2/4 is mandatory included in NR early measurement configuration (for both IDLE and INACTIVE).

To make progress, Rapporteur would like to have below observation with similar modification as SMTC:

Observation 9: All companies agree that subcarrier spacing of SSB frequencies not indicated in NR SIB2/4 is mandatory included in NR early measurement configuration (for both IDLE and INACTIVE).
Another configuration related to SSB is ssb-ToMeasure which indicates the set of SSB for UE to measure within the SMTC measurement duration. It is configured as the following bitmap:

SSB-ToMeasure ::=




CHOICE {


shortBitmap





BIT STRING (SIZE (4)),


mediumBitmap





BIT STRING (SIZE (8)),


longBitmap





BIT STRING (SIZE (64))

}

Only the SSB indicated with bitmap value “1” needs to be measured. Companies are invited to share their preference whether ssb-ToMeasure can be included in NR early measurement configuration. 
Question 11: Whether ssb-ToMeasure of SSB frequencies to be measured can be included in NR early measurement configuration (for both IDLE and INACTIVE).
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	In our understanding, this configuration can reduce UE efforts to only measure a subset of SSBs indicated by NW. We think it is useful. Note that it has been included in SIB2 / SIB4 for cell reselection for IDLE / INACTIVE state, and measurement object for CONNECTED measurements in NR rel-15. 

	OPPO
	Yes 
	Same as NR idle measurement configuration.

	NEC
	Yes
	This seems beneficial to reduce UE complexity and power consumption.

	Ericsson
	Yes
	

	ZTE
	Yes?
	In our understanding, SSB-ToMeasure is used to optimise measurement behaviour and save UE’s power consumption, for early measurement, different from legacy measurement, UE may move to cells other than previous serving cell as long as within the validity area. In this case, we are not sure whether the transmitted SSBs are always the same among those cells.

But to save UE’s power, maybe we can optionally introduce this field.

	vivo
	Yes
	

	CATT
	Yes
	Same as SSB measurement configurations in SIB

	Nokia
	Yes
	It is beneficial for UE power saving to avoid unnecessary measurements. If the field is absent the UE measures on all SS-blocks. 

	Huawei, HiSilicon
	Yes
	This is useful to reduce UE power consumption.

	Intel
	Yes
	This is already present in SIB config. Pls see comments on Q9,Q10

	LG
	Yes
	

	Mediatek
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	

	DOCOMO
	Yes
	

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 11: 

· All companies agree that ssb-ToMeasure of SSB frequencies not indicated in NR SIB2/4 is mandatory included in NR early measurement configuration (for both IDLE and INACTIVE). And if the field is absent the UE measures on all SSB SMTC window.
To make progress, Rapporteur would like to have below observation with similar modification as SMTC:

Observation 10: All companies agree that ssb-ToMeasure of SSB frequencies not indicated in NR SIB2/4 is optional included in NR early measurement configuration (for both IDLE and INACTIVE). If the field is absent the UE measures on all SSBs within SMTC window.
Cell quality derivation configuration includes maximum number of SSB (nrofSS-BlocksToAverage) and beam threshold for consolidation (absThreshSS-BlocksConsolidation). It is used to derive a single cell quality from multiple SSB. Companies are invited to share their preference whether cell quality derivation configuration can be included in NR early measurement configuration. 
Question 12: Whether cell quality derivation configuration (maximum number of SSB and threshold) of SSB frequencies to be measured can be included in NR early measurement configuration (for both idle and inactive).
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	Different from LTE, the NR UE needs to derive cell quality from multiple beams which may have large offset in their measurements. Thus, maximum number of SSB and threshold are required for cell quality derivation. In addition, we need to clarify that if they are not included, the UE reports the best beam, as CONNECTED measurements.

	OPPO
	Yes 
	Same as NR idle measurement configuration. 

	NEC
	Yes
	In the case of the field being absent, the UE derives a cell measurement quantity as the highest beam measurement quantity value as specified in 38.304.

	Ericsson
	Yes
	

	ZTE
	Yes
	We think the value is probably same with the one in SIBx, so the field can be optional, and the corresponding value in SIB4 can be reused when it is not provided in RRCRelease.

	vivo
	Yes
	

	CATT
	Yes
	

	Nokia
	Yes 
	Averaging may have some use, but primary option should be to only report based on the best beam.

	Huawei, Hisilicon
	Yes
	

	Intel
	No (BUT)
	The main aim of the early measurement configuration by the NW is to give the UE the potential frequencies (and cells) which the UE can measure and report, so that they can be added. Pls see our response to Q9-11.

	LG
	Yes
	

	Mediatek
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	

	DOCOMO
	Yes
	

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 12: 

· Almost all companies agree that cell quality derivation configuration (including maximum number of SSB and threshold) of SSB frequencies not included in NR SIB2/4 is optionally included in NR early measurement configuration (for both idle and inactive). If it is absent, the UE derives a cell measurement quantity as the highest beam measurement quantity.
To make progress, Rapporteur would like to have below observation with similar modification as SMTC:

Observation 11: Almost all companies agree that cell quality derivation configuration (including maximum number of SSB and threshold) of SSB frequencies not included in NR SIB2/4 is optionally included in NR early measurement configuration (for both idle and inactive). If it is absent, the UE derives a cell measurement quantity as the highest beam measurement quantity.
For cell quality reporting, RSRP / RSRQ / both can be configured in LTE euCA. As rapporteur, we think it should be reused. In addition, [5] proposed that SINR should also be considered. Companies are invited to share their preference whether SINR can be configured as cell measurement quantity.
Question 13: Besides RSRP / RSRQ, whether SINR can be configured as cell measurement quantity in NR early measurement configuration (for both IDLE and INACTIVE).
	Company
	Yes/No
	Comments

	Qualcomm
	   No
	We think its usage is quite limited. In most scenarios, RSRQ can provide similar information as SINR. As 1st release of early measurement, we think we should focus on essential issue, and don’t want to complicate the IDLE/INACTIVE measurement for fast DC/CA setup
Meanwhile please note that SINR is not supported in IDLE / INACTIVE measurements for cell selection / reselection in both LTE and NR. If we introduce SINR in IDLE / INACTIVE measurements, we need to send LS to RAN1 and RAN4 for consultation, and request RAN4 to define its measurement requirement. Considering the limited time budge of Rel-16 DCCA, it is not preferred.

	OPPO
	NO
	Agree 

	NEC
	No
	we do not see strong need for this.

	Ericsson
	Preferable
	SINR may be useful to decide whether an SCell/PSCell should be added/removed or activated.

	ZTE
	Not sure
	We understand that current SINR measurement is not supported for IDLE/INACTIVE Ues, which may add extra burden to UE measurement. However, since RSRQ may be inaccurate and fluctuate due to cell load change, SINR result is valuable from network perspective to know the interference.

	Vivo
	
	No strong view

	CATT
	No
	No need to introduce additional work with limited benefit

	Nokia
	No
	We haven’t identified strong need to do more than we do currently for IDLE/INACTIVE Ues.

	Huawei, HiSilicon
	No
	

	Intel
	No
	Agree with Qualcomm’s comments.

	LG
	No
	It seems to be not essential.

	Mediatek
	No
	

	Apple
	No
	

	Samsung
	No
	

	DOCOMO
	Not sure
	No strong preference on it. As mentioned by ZTE, SINR may be useful to know the interference from network view.

	Xiaomi
	No
	

	China Telecom
	No
	


Summary of Question 13: 

· Most companies agree that SINR is not required to be introduced as cell measurement quantity in NR early measurement configuration. 3 companies (ZTE, Ericsson and DCM) think cell SINR may be useful.
To make progress, Rapporteur would like to have below observation:

Observation 12: Most companies think both cell RSRP and RSRQ can be supported, but cell SINR is not essential to be introduced as cell measurement quantity in NR early measurement configuration. (ZTE, Ericsson and DCM think it may be useful)
If SSB based RSRQ is supported, then the UE needs to know which slots during configured SMTC to perform RSSI measurement, which is indicated in IE ss-RSSI-Measurement. Companies are invited to confirm whether they have the same understanding.
Question 14: whether IE ss-RSSI-Measurement can be included in NR early measurement configuration (for both IDLE and INACTIVE) to support RSRQ.
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	If RSRQ is supported, it is required to be configured. 

	OPPO 
	Yes 
	

	NEC
	Yes
	

	Ericsson
	Yes
	

	ZTE
	Yes
	Same comments as for Q11.

	Vivo
	Yes
	

	CATT
	Yes
	

	Nokia
	Yes 
	

	Huawei, HiSilicon
	FFS
	Depending if RSRQ is supported for early measurements.

	Intel
	FFS
	

	LG
	Yes
	

	Mediatek
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	

	DOCOMO
	Yes
	

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 14: 

· All companies agree that ss-RSSI-Measurement can be included in NR early measurement configuration (for both IDLE and INACTIVE) to support RSRQ.
To make progress, Rapporteur would like to have below observation:

Observation 13: All companies think ss-RSSI-Measurement can be included in NR early measurement configuration (for both IDLE and INACTIVE) to support RSRQ.
In LTE euCA, there is one cell quality threshold (i.e. qualityThreshold). UE is required to report the measurement results for the frequencies and cells which met the configured thresholds. Companies are invited to share their preference whether this cell quality threshold can be reused in NR.
Question 15: Whether cell quality threshold (similar to qualityThreshold in LTE euCA) can be included in NR early measurement configuration (for both IDLE and INACTIVE), where the UE is required to report the measurement results for the frequencies and cells which met the configured thresholds
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	It looks fine to reuse it.

	OPPO 
	Yes 
	Based on LTE euCA.

	NEC
	Yes
	

	Ericsson
	Yes
	

	ZTE
	Yes
	This is useful to filter the good candidate cells, and no need to differentiate IDLE and INACTIVE.

	Vivo
	Yes
	

	CATT
	yes
	

	Nokia
	Yes
	This would ensure a quality of the measured cell.

	Huawei, HiSilicon
	Yes
	This can avoid reporting if all cells are too weak. By the way: this kind of optimization may be less important than validity area.

	Intel
	Yes
	Same logic of euCA is applicable here.

	LG
	Yes
	

	Mediatek
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	

	DOCOMO
	Yes
	

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 15: 

· All companies agree that a cell quality threshold (similar to qualityThreshold in LTE euCA) can be included in NR early measurement configuration (for both IDLE and INACTIVE), where the UE is required to report the measurement results for the frequencies and cells which met the configured thresholds.
To make progress, Rapporteur would like to have below observation:

Observation 14: All companies agree that a cell quality threshold (similar to qualityThreshold in LTE euCA) can be included in NR early measurement configuration (for both IDLE and INACTIVE), where the UE is required to report the measurement results for the frequencies and cells which met the configured thresholds.
Besides ARFCN, frequency band indicator list is also included in NR IDLE measurement configuration. During rel-15 discussion, the purpose is that the NR ARFCN value does not encode the band number, which is different from LTE. Thus, the UE could not derive the band number from ARFCN value in case of overlapping bands. Then frequency band number (FreqBandIndicatorNR) can be used for UE to choose the correct band filter for SSB measurement in given frequency. Companies are invited to share their preference whether FreqBandIndicatorNR can be included in NR early measurement configuration.
Question 16: Whether FreqBandIndicatorNR of each SSB frequency to be measured can be included in NR early measurement configuration (for both IDLE and INACTIVE).
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	We think it is useful for the UE to choose the correct band filter for SSB measurement in given frequency, especially in case of overlapping bands. Thus, it should be included.

	OPPO 
	Yes 
	Agree, but maybe it is a frequencyBandList.

	NEC
	Yes
	We guess the intention is to include a list of FreqBandIndicatorNR as commented by OPPO. Also, good to clarify that it is reusing MultiFrequencyBandListNR but not MultiFrequencyBandListNR-SIB including nr-NS-PmaxList which would not be necessary for measurements not impacting on cell reselection.

	Ericsson
	Yes
	

	ZTE
	Yes
	Similar to above parameters, we think the value is probably same as the one in SIBx, so the field can be optional, and the corresponding value in SIB4 can be reused when it is not provided in RRCRelease.
In addition, considering the deployment for CA and DC might be different, to avoid irrelevant UE measurement, we think it would be beneficial to inform the UE about whether a given frequency can be used for CA and/or DC, so that the UE can filter the measured frequencies based on UE’s BC capability. 

	Vivo
	Yes
	

	CATT
	Yes 
	It may be a frequencyBandlist in system information while a frequencyBand in RRCRelease message for early measurement configuration.

	Nokia
	Yes
	

	Huawei, HiSilicon
	Yes
	This allows applying the band filter that will be used once the cell is configured as PSCell or Scell.

	Intel
	Yes
	This is needed for the UE to choose the correct band, as part of potential BCs it can support.

	LG
	Yes
	

	Mediatek  
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	

	DOCOMO
	Yes
	

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 16: 

· Almost all companies agree that FreqBandIndicatorNR of SSB frequency not included in NR SIB2/4 can be included in NR early measurement configuration (for both IDLE and INACTIVE).
To make progress, Rapporteur would like to have below observation with similar modification as SMTC:

Observation 15: Almost all companies agree that FreqBandIndicatorNR of SSB frequency not included in NR SIB2/4 is optionally included in NR early measurement configuration (for both IDLE and INACTIVE).
In RAN2#105, it was agreed that available beam level measurement results can be included in early measurement reporting if configured. This is intended to provide dedicated RACH resource configuration in the target cell during HO/SCG change. For fast DC/CA setup, contention free RA procedure can help to reduce the latency to setup DC operation. In NR rel-15, beam measurement configuration (in CONNECTED state) includes:
· reportQuantityRsIndexes: beam measurement quantities, i.e. RSRP/RSRQ/SINR. When not configured, the UE does not include beam measurements.
· Report Type: it can be configured to one of 3 types: no beam reporting, or only reporting beam identities, or reporting both beam identities and quantities, though different value combination of IE reportQuantityRsIndexes and IE includeBeamMeasurements
· maxNrofRSIndexesToReport
: maximum number of SSB to report. Note that only beams whose measurement quantities above configured threshold for cell quality derivation are required to be reported.   


Companies are invited to share their preference whether the above beam measurement configuration for NR rel-15 can be reused in NR early measurement configuration.
Question 17: In NR early measurement configuration (for both IDLE and INACTIVE), whether the UE can be configured with one of the 3 beam reporting types: 1) no beam reporting; 2) only beam identifier; 3) both beam identifier and quantities, as NR CONNECTED measurements   
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	It is useful to provide NW flexibility to achieve trade-off between reporting overhead and mobility performance (e.g. CFRA resource in PSCell). 

	OPPO
	Yes 
	Agree 

	NEC
	Yes
	This can avoid unnecessary beam level measurement reporting.

	Ericsson
	Yes
	In our view, we see no reason to deviate from the configuration in connected mode.

	ZTE
	Yes
	This indeed provides flexibility for the network.

	Vivo
	Yes
	This would avoid UE to report unnecessary beam measurement information/quantities

	CATT
	Yes
	

	Nokia
	No and Yes if this does not increase specification complexity
	We think having only option 3 is sufficient. It is the most useful and adding complexity for options 1 and 2 is not that beneficial. But from specification point of view it might be easier to specify same support for beam reporting as is now done.

	Huawei, HiSilicon
	Yes but
	for RRC_INACTIVE, since CA can be configured in the RRCResume message, if some kind of report is provided by the UE before the RRCResume message, the cell level information may also need to be reduced in size, not only the beam level information.

	Intel
	Yes but with modification on (3)
	We think the UE can just report the best beam it has selected (option 3 but for one best beam), rather than providing detailed measurements of multiple beams. It is a significant overhead for the UE to measure all the beams as configured for all the potential Scells, since this measurement is not for reselection, but as potential addition. We should minimize additional measurement related operation compared to existing idle mode operation, and it is noted that L3 filtering on beams is not performed in idle/inactive mode.
We have not yet concluded on the Scell beam management as such, and so having detailed measurements on different beams is too early to discuss. There is no beam failure recovery for Scell (some of the Scells do not even have UL).  In our view, the UE can provide the index of the beam it thinks is the best for a particular cell, along with the measurement quantity, if the quantity is higher than a threshold. 

The measurements requirements for beams (for NR-DC enh) could be addressed in RAN4.

	LG
	Yes
	

	Mediatek
	Yes
	The flexibility should be allowed that the network can decide which information is needed for different purpose, e.g. DC setup or Scell addition. 

	Apple
	Yes
	Agree with Intel. If beam reporting is configured, it is sufficient to report at most one beam info. 

	Samsung
	Yes
	The beam reporting may not be essentially needed (e.g. not for allocating RA resources). The network can decide one of the 3 beam reporting types.

	DOCOMO
	Yes
	

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 17: For NR early measurement configuration (for both IDLE and INACTIVE),
· All companies support below 2 beam reporting types
· No beam reporting; 
· Only beam identifier;

· Most companies also support beam reporting with both beam identifier and quantities, as CONNECTED RRM.

· Two companies (Intel and Apple) support beam reporting with best 1 beam’s identifier and quantity.
To make progress, Rapporteur would like to have below observation:

Observation 16: For NR early measurement configuration (for both IDLE and INACTIVE),

· All companies support below 2 beam reporting types

· No beam reporting; 

· Only beam identifier;

· Most companies also support beam reporting with both beam identifier and quantities, as CONNECTED RRM. While Two companies (Intel and Apple) prefer to restrict to best 1 beam’s identifier and quantity.
Question 18: In NR early measurement configuration (for both IDLE and INACTIVE), whether the UE can be configured with maximum number for beam reporting and only beams above configured threshold for cell quality derivation are required to be reported
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	It is useful to reduce overhead of UE reporting beam measurements, as CONNECTED measurements.

	OPPO
	Yes 
	Agree 

	NEC
	Yes
	

	Ericsson
	Yes
	In our view we see no reason to deviate from the configuration in connected mode. This would simplify discussions and network implementation (decision made based on measurement reports similar to the decision based on early measurements).

	ZTE
	Yes
	

	vivo
	Yes
	

	CATT
	Yes
	

	Nokia
	Yes
	Similar comment as Ericsson.

	Huawei, HiSilicon
	?
	In RRC_CONNECTED, there are independent numbers for number of beams for cell quality derivation and for number of beams to be reported. Is the proposal to only have one value?

	Intel
	No
	Similar to Huawei, it is not clear what the question is. In any case, from our perspective, we prefer simpler approach for early measurement reporting because the measurement is performed in idle/inactive instead of connected. Therefore, we prefer to not have additional configuration for the number of beams to be reported. If the UE needs to report beam results, we prefer to report the measurement result of the best beam only.

	LG
	Yes
	

	Mediatek
	Yes
	

	Apple
	No
	We agree with HW and Intel and think it is sufficient to report at most one beam value. 

	Samsung
	Yes
	

	DOCOMO
	Yes
	

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 18: For NR early measurement configuration (for both IDLE and INACTIVE),
· Most companies think the UE can be configured with an independent maximum beam number for beam reporting (can be different from maximum beam number for cell quality derivation)
· Two companies (Intel and Apple) prefer to restrict to only best 1 beam reporting (i.e. no need of a configuration of independent maximum beam number for beam reporting).
To make progress, Rapporteur would like to have below observation:

Observation 17: Most companies think the UE can be configured with an independent maximum beam number for beam reporting (can be different from maximum beam number for cell quality derivation). While two companies (Intel and Apple) prefer to restrict to only best 1 beam reporting (i.e. no need of a configuration of maximum beam number for beam reporting).
Rapporteur would like to suggest online discuss whether to allow only best 1 beam reporting in NR early measurement reporting.
Question 19: Besides SS-RSRP / SS-RSRQ, whether SS-SINR can be configured as beam measurement quantity in NR early measurement configuration (for both IDLE and INACTIVE).
	Company
	Yes/No
	Comments

	Qualcomm
	   No
	As we comment in Question 13, we think its usage is quite limited. In most scenario, RSRQ can provide similar information as SINR. In addition, we are not actually sure what beam SINR means and its usage. As 1st release of early measurement, we think we should focus on essential issue, and don’t want to complicate the IDLE/INACTIVE measurement for fast DC/CA setup.

Meanwhile please note that SINR is not supported in IDLE / INACTIVE measurements for cell selection / reselection in both LTE and NR. If we introduce SINR in IDLE / INACTIVE measurements, we need to send LS to RAN1 and RAN4 for consultation, and request RAN4 to define new beam measurement requirement. Considering the limited time budge of Rel-16 DCCA, it is not preferred.

	OPPO
	NO
	Agree with Qualcomm.

	NEC
	No
	same as SINR, do not see strong need for this.

	Ericsson
	Preferable
	Same answer as for SINR (Q13)

	ZTE
	Not sure
	Similar comments as for Q13.

	Vivo
	No
	

	CATT
	No
	Same as cell measurement quantity for NR early measurement above.

	Nokia
	No
	See Q13

	Huawei, HiSilicon
	FFS
	It may not be essential. About the complexity: requirements for early measurements could be based on existing requirements in RRC_CONNECTED, in which case there is no impact to RAN4 whether SINR is supported or not (since it is supported for RRC_CONNECTED already).

	Intel
	No
	Same comments as in Q13.

	LG 
	No
	It seems not to be essential

	Mediatek 
	No
	

	Apple
	No
	

	Samsung
	No
	

	DOCOMO
	Not sure
	Similar as Q13

	Xiaomi
	No
	

	China Telecom
	No
	


Summary of Question 19: 

· Most companies agree that beam SINR is not required to be introduced as beam measurement quantity in NR early measurement configuration. 3 companies (ZTE, Ericsson and DCM) think beam SINR may be useful.
To make progress, Rapporteur would like to have below observation:

Observation 18: Most companies think both beam RSRP and RSRQ can be supported, but beam SINR is not essential to be introduced as beam measurement quantity in NR early measurement configuration. (ZTE, Ericsson and DCM think it may be useful)
Similar to the concern raised by Question 8, [4] proposed to additionally introduce beam number limitation for each cell, and its exact value should be decided by RAN4. Companies are invited to share their preference whether to introduce this limitation.
Question 20: For NR early measurement, whether the maximum number of beams in each  frequency should be limited, and whether LS to RAN4 is required. 
	Company
	Yes/No
	Comments (if your answer is Yes, please indicating whether we send LS to RAN4)

	Qualcomm
	   Yes
	Beam measurement for IDLE / INACTIVE UE means extra UE power consumption. Similar to the number of frequency layers and the number of cells in each frequency layer, we think the maximum number of beams in each cell should also be limited. 

We think exact values require input from RAN4. Thus, we think we should send LS to RAN4 for consulting the exact limitations / requirements.

	OPPO
	FFS
	We think we should discuss it online and no strong opinion.

	NEC
	FFS
	but.. our assumption is that since RAN2 agreed the available beam level measurement results can be included, there is no additional configuration necessary for beam measurements, except for configuration to reduce the size/amount of beam reporting as discussed in previous questions.

	Ericsson
	Yes
	This is also then case in connected mode, partially due to the L3 filtering that needs to be maintained. Herein, we may first need to discuss whether we will have L3 filtering or not for beam measurements or, discuss the issue with reporting too many beams, at least beyond the report size.

	ZTE
	Yes
	We agree to send a LS to RAN4 asking for more input. Since different cells may have different number of beams, we are not sure if a single value can be applicable to all cases. This could also be highlighted in the LS to RAN4.

	Vivo
	No
	For early measurement, we should take in to account UE power consumption, however, we think we should restrict the number of beams to report, but not the maximum number of beams to measure. By restricting the number of measured beams, UE may not measure best beams of concerned cell. Thus UE may report beam early measurement, which is not accurate, to network.

	CATT
	FFS
	The maximum number of beams in each cell should be limited. However, we have no strong view on whether to send LS to RAN4.

	Nokia
	Yes
	For UE power saving purposes, this could be limited.

	Huawei, HiSilicon
	?
	Does “maximum number of beams in each cell” refer to the number of beams for cell quality derivation or number beams to be reported? In RRC_CONNECTED, both are configurable. What does it mean to “limit” this maximum number of beams? Lower max value than the one configurable in RRC_CONNECTED?

	Intel
	No
	Agree with Vivo’s comments. 

	LG
	Yes
	

	Mediatek
	Yes
	The number of beams should be limited. But it is ffs whether the limitation is per cell or per frequency. RAN4 inputs are required. 

	Apple
	No
	Agree with Intel and vivo’s comments. 

	Samsung
	Yes
	If the beam reporting is configured, the limitation thereof would be helpful with respect to UE power saving.

	DOCOMO
	Yes
	The maximum number of beams per cell should be limited, it is better to ask for more input from RAN4.

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 20: 

· Different companies had diverse opinions on whether LS to RAN4 is required to consult maximum number of beams to monitor in each frequency:
· Yes: Qualcomm, Ericsson, ZTE, Nokia, LG, MediaTek, Samsung, Xiaomi, China Telecom
· No: vivo, Huawei, Intel, Apple
· No strong opinion: CATT, OPPO, NEC
Rapporteur would like to have below observation:

Observation 19: Different companies had diverse opinions on whether LS to RAN4 is required to consult maximum number of beams to monitor in each frequency.
Another concern for beam measurements in NR early measurement is that beam quality may change frequently compared with cell level measurements, especially in mmW deployment. Then if the UE stays in IDLE / INACTIVE for a long duration, maybe beam measurements are outdated when the UE resumed / established its RRC connection. In this case, outdated beam measurements may mislead the Network. If your answer to Question 3 on validity timer is “Yes”, then considering cell level measurement is generally more stable than beam level measurement, whether a separate validity timer can be introduced for beam measurements.   

Question 21: If you think validity timer is required in NR early measurements (Question 3), whether to introduce separate validity timers: one for cell level measurements and one for beam level measurements. 
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	As we know, beam quality may change quite frequently (e.g. in FR2) compared with cell level measurements. Furthermore, beam measurements may have large overhead if multiple beam results are included. Since the UE needs to store these beam measurements, it may be a burden for the UE. We also think it is useless to report beam measurements if they are outdated. And even worse, outdated beam measurements may mislead NW in bad CFRA configuration in SCG change, which may slow down DC setup. Thus, we think separate validity timers for cell and beam are required. When the timer for beam measurements expires, the UE is allowed to discard beam measurement results. In addition, NW can have the flexibility to configure the duration of this separate validity timer for beam measurements in RRCRelease message depending on UE status (e.g. FR1 or FR2) and NW requirements. 

	OPPO
	NO
	

	NEC
	No
	There should be (almost) nothing for beam measurement related configurations, with some exceptions as commented to Q20.

	Ericsson
	No
	We see no reason to introduce separate timers for beam and cell level measurements. We also need to emphasise our comments to Q3/4, the measIdleDuration is not actually a validity timer (i.e. not determining for how long the measurement results are valid) but rather just controlling for how long the measurement should be performed. 

	ZTE
	No
	In our understanding, UE performs measurement at least before timer expires. For a given frequency/cell, the new measurement result samples will override the old measurement samples. Once a beam becomes undetectable, then UE will remove the corresponding beam results in UE’s memory, as in connected mode measurement. So, the benefit of introducing this timer is not clear to us.

	Vivo
	No
	Cell level measurement is derived from beam level measurement, We do not think cell level measurement and beam level measurement can be stopped at different time. Thus we think the timer should be the same. 

	CATT
	No
	We agree with Ericsson that validity timer is to control how long the measurement should be performed, but not an indication on whether the measurements are valid or outdated. 

	Nokia
	No
	We see no compelling reason to have two validity timers. One validity timer could cover both cases (cell level & beam level). 

	Huawei, HiSilicon
	No
	In our understanding, the purpose of the validity timer is not to determine whether the measurement results are valid, it is to stop doing measurements after some time in RRC_INACTIVE or in RRC_IDLE, in order to save UE power. So it does not make any sense to have 2 timers.

	Intel
	No
	The timer is to control how long the UE has to measure. Beam measurement is part of cell measurements (wherever the cells support beams),

	LG
	No
	We think validity timer in Q3 is different in Q21. As QC’s comments, validity timer in Q21 is related to UE internal behaviour that how long beam measurement results would be considered to be valid for reporting. Hence, it is RAN4 issue.

	Mediatek 
	No
	Not convinced on the benefits to have two timers for cell measurement and beam measurement respectively. The cell quality is derived from the beams. The variation trend of the cell and beams should be similar, considering the same sets of reference signals are measured e.g. SSB. 

	Apple
	No
	We agree with Ericsson and CATT. 

	Samsung 
	No
	The purpose of timer is just to save UE power consumption. How to handle the old measurement results should be discussed, separately.  

	DOCOMO
	No
	We do not see necessity to have two validity timer

	Xiaomi
	No
	

	China Telecom
	No
	We do not see the need for two validity timer.


Summary of Question 21: 

· Almost all companies think there is no need to introduce one additional validity timer for beam measurement.

Rapporteur would like to have below observation:

Observation 20: Almost all companies think there is no need to introduce one additional validity timer for beam measurement.
2.3 Other issues

Besides SSB based measurements, [7] and [12] showed interest in CSI-RS based NR early measurement. Companies are invited to share their preference whether to support CSI-RS based NR early measurements.

Question 22: Whether to support CSI-RS based NR early measurements. 
	Company
	Yes/No
	Comments 

	Qualcomm
	   No
	· For DC setup, SSB is always required for PSCell. For CA setup, the SCell with SSB can be configured first. For CSI-RS based measurement, SSB also needs to be configured for timing reference. Thus, SSB based early measurements are necessary, but CSI-RS based measurement is just nice to have. Considering only limited TU is allocated to DCCA enhancement, we don’t want to complicate the IDLE/INACTIVE measurement for fast DC/CA setup.

· Different from SSB based measurements, CSI-RS is configured per cell, and the concept of “frequency layer” of CSI-RS is not clear up to now. It may lead to change structure of per-frequency early measurement configuration. Considering SSB based measurement can cover almost all cases of fast CA/DC setup. We don’t think it is worth considering in its 1st release.

· CSI-RS based measurements are quite power consuming. It works only in CONNECTED mode in NR rel-15. We don’t think it is good idea to introduce it in IDLE / INACTIVE measurements. 

	OPPO
	NO
	

	NEC
	No
	Agree with Qualcomm. This is too much complicated for Idle, Inactive Ues.

	Ericsson
	No
	

	ZTE
	Yes
	As agreed in RAN2, Scells can be allocated without SSB in frequency domain. In this case, CSI-RS measurement is used to add/remove the Scell. For early measurement, we think this scenario should be considered as well. Otherwise, network has no way to setup this kind of Scells earlier.

For timing reference aspect, in our understanding, the UE can just measure these cells based on the timing of previous serving cells (i.e. considering that in most cases,way to setup these































































































 they are co-located). 

The signalling structure can refer to the CSI-RS configuration in measObjectNR. Whether extra restriction is needed regarding “per frequency layer” can be further studies based on RAN1’s feedback of LS (R2-1902730). 

Note that we are not aiming to introduce parallel CSI-RS based measurement with SSB based measurement for a given cell. We just think this is essential for “Scells without SSB”, as we have done for “Scells with SSB off sync raster”.

	Vivo
	No
	

	CATT
	No
	Agree with Qualcomm

	Nokia
	No
	Introducing CSI-RS for IDLE/INACTIVE measurements seems unnecessary complexity to manage. We think SSB based measurements are sufficient.

	Huawei, HiSilicon
	Yes
	CSI-RS can better reflect the quality of DL transmissions than SSB. From RAN2 perspective, CSI-RS based measurements are already supported in RRC_CONNECTED. If RAN4 specifies requirements in Rel-16 for RRC_CONNECTED for CSI-RS, this can be reused for early measurements in RRC_INACTIVE. UE power consumption can be reduced by limiting the amount of measurements configured.

	Intel
	No
	Along with agreeing to the points mentioned by Qualcomm, we wonder on the NW’s usage of resources to transmit CSI-RS on potential cells, in anticipation that UE may use them as Scells later.

	LG
	NO
	

	Mediatek
	No
	

	Apple
	Yes
	We agree with HW that CSI-RS could better reflect the quality of DL transmission. If the UE power consumption can be reduced, we would like to support it.  

	Samsung
	No
	

	DOCOMO
	No
	SSB based measurements are sufficient.  

	Xiaomi
	No
	

	China Telecom
	No
	


Summary of Question 22: 

· Almost all companies think there is no need to support CSI-RS based NR early measurements in Rel-16. Huawei, ZTE and Apple prefer to support it.
To make progress, Rapporteur would like to have below observation:

Observation 21: Almost all companies think there is no need to support CSI-RS based NR early measurements in Rel-16.
In RAN2#105, we have agreed that NR early measurement configuration may contain both NR and LTE configuration, only NR configuration or only LTE configuration. It can support NR-DC, NE-DC and NR CA. However, it can’t support fast setup of (NG)EN-DC. In [5], it was proposed that LTE UE in idle mode can be configured with NR measurements, to support fast setup of (NG)EN-DC. Companies are invited to share their preference.

Question 23: Whether the UE in IDLE mode can be configured with NR early measurements, to support fast setup of (NG)EN-DC
	Company
	Yes/No
	Comments 

	Qualcomm
	   Yes
	It is useful for fast setup of (NG)EN-DC

	OPPO
	Yes 
	UE can be configured with NR early measurement reports no matter the UE is in LTE idle or NR idle.

	NEC
	Yes/No
	Generally we also think this would be useful for fast setup of (NG)EN-DC, which is not just blind configuration.
However, the network should consider the UE RF capability. For instance, if the UE supports per-FR gap and the target NR frequency is only FR2, then there may not be a problem However, if the UE does not support the per-FR gap, RAN2 should be careful about this additional UE requirement for inter-RAT measurement in Idle. From our view, it would be good to introduce the dedicated configuration via LTE RRCConnectionRelease considering the UE capability but not for SIB based configuration.

	Ericsson
	Yes
	With regard to the comments above regarding gaps, we think it is a concern for connected mode UE and not for IDLE mode. 

	ZTE
	TBD
	We suggest to focus on NR scenario first, this can be discussed with low priority.

	vivo
	Yes
	Agree with QC.

	CATT
	Yes
	Could consider NR first if prioritisation is required.

	Nokia
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Intel
	Yes
	Helps with EN-DC setup faster in rel-16 (assuming EN-DC is still required in rel-16 (..).

	LG
	Yes
	

	Mediatek 
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	

	DOCOMO
	Yes
	

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 23: 

· Almost all companies agree the UE in IDLE mode can be configured with NR early measurements to support fast setup of (NG)EN-DC.

Rapporteur would like to have below observation:

Observation 22: Almost all companies agree the UE in IDLE mode can be configured with NR early measurements to support fast setup of (NG)EN-DC.
In [10], it was proposed that on-demand SIB can be introduced to reduce latency of early measurement configuration acquisition from SIB, i.e. early measurement configurations can be included in one separate NR SIB (e.g. SIB10) which can be on-demand acquired with short SI periodicity (e.g. 80ms), to reduce acquisition latency. Companies are invited to share their preference.

Question 24: Whether early measurement configurations can be included in one separate NR SIB which can be on-demand acquired with short SI periodicity, to reduce acquisition latency
	Company
	Yes/No
	Comments 

	Qualcomm
	   Yes
	As we know, NR SIB4 is cell common configuration with all parameters for general inter-frequency cell re-selection, which may have to be broadcast in a long periodicity (up to 5120ms) to reduce NW overhead. Then, one straight forward way is that we can include early measurement configurations in one separate NR SIB (e.g. SIB10) which can be on-demand acquired with short SI periodicity (e.g. 80ms), to reduce acquisition latency. Note that it is not expected that many UEs need to acquire SIB10 simultaneously. So, overhead should not be an issue even with short SI periodicity.

	OPPO
	NO
	Based on current SIB as LTE euCA.

	NEC
	FFS
	Should be remained open until the basic mechanism is (about to be) stable.

	Ericsson
	NO
	We may discuss this later once we have progressed with the basic functionalities.

	ZTE
	FFS
	No strong view, we are not so convinced that the periodicity of early measurement configuration in SIB should be smaller than SIB4, as this is only useful when frequency list is not provided in RRCRelease in LTE.

Even if SIB4 is reused, we think UE needs to differentiate the purpose of those frequencies, for instance which are used for cell re-reselection and which are not (e.g. for SSBs off sync raster).

	Vivo
	No
	We think can be included in SIB4 (inter-frequency) and SIB5 (E-UTRAN). 

	CATT
	FFS
	Could be discuss after finalising the basic functionalities

	Nokia
	No
	No strong need seen for separate SIB – anyway UE needs to acquire reselection SIBs. 

	Huawei, HiSilicon
	FFS
	Can be considered if RAN2 agrees that the UE can take the configuration from the cell where the UE is camping, otherwise the RRCRelease message is enough.

	Intel
	FFS
	Can be discussed online.

	LG
	NO
	We are not sure if short SI periodicity for early measurements needs. 

	Mediatek 
	FFS
	

	Apple
	No
	It’s not clear why the early measurement configuration requires shorter SI periodicity.  

	Samsung
	FFS
	Can be discussed later based on the basic functionality RAN2 agree. 

	DOCOMO
	FFS
	It can be further discussed

	Xiaomi
	No
	We are not convinced that short SI periodicity is needed.

	China Telecom
	No
	We do not see strong need for shorter SI periodicity.


Summary of Question 24: for the question whether early measurement configurations are indicated in one separate NR SIB
· One company thinks ‘Yes’; 9 companies think it is FFS until the basic mechanism stable. 7 companies see no need for it.
Rapporteur would like to have below observation:

Observation 23: whether early measurement configurations are indicated in one separate NR SIB can be discussed after basic mechanism stable.
Finally, in LTE euCA, there is one-bit indication (i.e. idleModeMeasurements) in LTE SIB2 to indicate that this cell supporting early measurement reporting. Companies are invited to share their preference whether to reuse it in NR.

Question 25: Whether to introduce one-bit flag in NR SIB1 (similar to idleModeMeasurements in LTE euCA) to indicate the cell supporting early measurement reporting
	Company
	Yes/No
	Comments

	Qualcomm
	   Yes
	Looks reasonable if NR SIB1 payload size is not an issue.

	OPPO
	Yes 
	Based on LTe euCA.

	NEC
	Yes
	

	Ericsson
	FFS
	In general, it makes sense to have some indication about early measurement support. But how exactly it is indicated could depend on what solution(s) we adopt for the signalling of the early measurement reports. 

	ZTE
	FFS
	Similar view with Ericsson.

	Vivo
	Yes
	

	CATT
	Yes
	

	Nokia
	Yes
	

	Huawei, HiSilicon
	FFS
	The validity area could be sufficient.

	Intel
	Yes
	The UE needs to know if all the measurements it has been doing are of any use once if reselects to a cell. 

	LG
	Yes
	

	Mediatek
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	

	DOCOMO
	Yes
	

	Xiaomi
	Yes
	

	China Telecom
	Yes
	


Summary of Question 25: Whether to introduce one-bit flag in NR SIB1 (similar to idleModeMeasurements in LTE euCA) to indicate the cell supporting early measurement reporting:
· Almost all companies think it is required.
· 3 companies (Ericsson, ZTE and Huawei) agree to have some indication about early measurement support in NR SIB, but prefer to FFS details.
To make progress, rapporteur will try whether we can agree with some compromised wording: “Introduce some indication about early measurement support in NR SIB, but FFS details of how to indicate in NR SIB”.
Rapporteur would like to have below observation:

Observation 24: Almost all companies agree to introduce some indication about early measurement support in NR SIB, but details of how to indicate it can be FFS.
Besides all the questions list in this document, companies are welcome to indicate other issues / comments not covered in this email discussion.

	Company
	Other comments

	OPPO
	The UE will perform cell selection/reselection based on the measurements and the measurement results will not perform L3 filter because the measurement results will be only used for UE inside. However, the early measurement result reporting will aid the network to configure the CA or DC, so if the measurement result of the signal fluctuate too much, it wil impact the experience of the user and mobility performance of UE. So we should consider introduce the L3 filter to the early measurement result reporting. 
[Rapporteur] In our understanding, the UE still performs L3 filtering in IDLE/INACTIVE state measurements, but how to do it is up to UE implementation as long as the below TS38.133 requirements are satisfied in Section 4.2.2.2
=============================================

4.2.2.2
Measurement and evaluation of serving cell
The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in [1] for the serving cell at least once every M1 DRX cycle; where:

M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤  0.64 second,

otherwise M1=1.

The UE shall filter the SS-RSRP and SS-RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.

So your question should be whether or not specify L3 filter for early measurement. Please note if agreed, it will bring new UE requirements on IDLE/INACTIVE RRM. Then RAN4 is required to be involved. We are not sure whether it is worth such significant efforts for it in DCCA enhancement. Furthermore, since early measurement is just for DC/CA, not for HO, then as long as UE has same L3 filter for the measured cells (e.g. using last NW configured L3 filter coefficiency), why this is an issue? 
But OK, since Ericsson also raised to discuss this issue, we can discuss this issue online.


	CATT
	The early measurement configuration is signalling heavy, hence method for signalling compression such as delta signalling should be considered. Considering that the network can store the dedicated configuration for inactive UEs and early measurement configuration does not change when UEs transit from inactive->connected->inactive, the similar principle of handling RNA configuration (as per use of delta signalling) can be applied for dedicated early measurement configuration for inactive UEs.
[Rapporteur] It looks like a signalling optiomization (delta signalling), rapporteur suggested to discuss it after basic early measurement signalling is stable based on company’s contribution (e.g. whether overhead of early measurement signalling is heavy).



3 Summary of observations

Observation 1: Almost all companies agree that NR early measurements can be configured in both NR RRCRelease message and NR system information. FFS any difference between IDLE and INATIVE state. 

Observation 2: All companies agree that a list of cells (similar to measCellList in LTE euCA) can be configured per frequency the UE is requested to measure and report in NR, and it is applied to both IDLE and INACTIVE state.

Observation 3: All companies agree that a validity timer (similar to measIdleDuration in LTE euCA) can be reused in NR to control the duration of UE performing both IDLE and INACTIVE measurements. FFS the UE behaviours after timer expiry.

Observation 4: All companies agree that the validity timer (similar to measIdleDuration in LTE euCA) is mandatory indicated only in NR RRCRelease message (i.e. not included in NR SIB).

Observation 5: 11 companies agree to introduce validity timer. 5 companies (Ericsson, ZTE, Nokia, Samsung and Xiaomi) prefer to further study whether validity Area can be reused in NR to control the area of UE performing IDLE and INACTIVE measurements.

Observation 6: All companies agree that SSB frequencies to be measured for early measurements (in IDLE and INACTIVE) can be located out of sync raster.

Observation 7: Almost all companies agree that the maximum number of frequency layers and the number of cells in each frequency layer should be limited. And most companies (Qualcomm, Ericsson, ZTE, MediaTek, Intel, Apple and DCM) prefer to send LS to RAN4 for exact limitation values.

Observation 8: Almost all companies agree that SMTC of SSB frequencies not indicated in NR SIB2/4 is included in NR early measurement configuration (for both IDLE and INACTIVE).

Observation 9: All companies agree that subcarrier spacing of SSB frequencies not indicated in NR SIB2/4 is mandatory included in NR early measurement configuration (for both IDLE and INACTIVE).
Observation 10: All companies agree that ssb-ToMeasure of SSB frequencies not indicated in NR SIB2/4 is optional included in NR early measurement configuration (for both IDLE and INACTIVE). If the field is absent the UE measures on all SSBs within SMTC window.
Observation 11: Almost all companies agree that cell quality derivation configuration (including maximum number of SSB and threshold) of SSB frequencies not included in NR SIB2/4 is optionally included in NR early measurement configuration (for both idle and inactive). If it is absent, the UE derives a cell measurement quantity as the highest beam measurement quantity.
Observation 12: Most companies think both cell RSRP and RSRQ can be supported, but cell SINR is not essential to be introduced as cell measurement quantity in NR early measurement configuration. (ZTE, Ericsson and DCM think it may be useful)

Observation 13: All companies think ss-RSSI-Measurement can be included in NR early measurement configuration (for both IDLE and INACTIVE) to support RSRQ.
Observation 14: All companies agree that a cell quality threshold (similar to qualityThreshold in LTE euCA) can be included in NR early measurement configuration (for both IDLE and INACTIVE), where the UE is required to report the measurement results for the frequencies and cells which met the configured thresholds.

Observation 15: Almost all companies agree that FreqBandIndicatorNR of SSB frequency not included in NR SIB2/4 is optionally included in NR early measurement configuration (for both IDLE and INACTIVE).

Observation 16: For NR early measurement configuration (for both IDLE and INACTIVE):
· All companies support below 2 beam reporting types

· No beam reporting; 

· Only beam identifier;

· Most companies also support beam reporting with both beam identifier and quantities, as CONNECTED RRM. While Two companies (Intel and Apple) prefer to restrict to best 1 beam’s identifier and quantity.

Observation 17: Most companies think the UE can be configured with an independent maximum beam number for beam reporting (can be different from maximum beam number for cell quality derivation). While two companies (Intel and Apple) prefer to restrict to only best 1 beam reporting (i.e. no need of a configuration of maximum beam number for beam reporting).

Observation 18: Most companies think both beam RSRP and RSRQ can be supported, but beam SINR is not essential to be introduced as beam measurement quantity in NR early measurement configuration. (ZTE, Ericsson and DCM think it may be useful).

Observation 19: Different companies had diverse opinions on whether LS to RAN4 is required to consult maximum number of beams to monitor in each frequency.

Observation 20: Almost all companies think there is no need to introduce one additional validity timer for beam measurement.

Observation 21: Almost all companies think there is no need to support CSI-RS based NR early measurements in Rel-16.

Observation 22: Almost all companies agree the UE in IDLE mode can be configured with NR early measurements to support fast setup of (NG)EN-DC.

Observation 23: whether early measurement configurations are indicated in one separate NR SIB can be discussed after basic mechanism stable.

Observation 24: Almost all companies agree to introduce some indication about early measurement support in NR SIB, but details of how to indicate it can be FFS.

Observation 25: Ericsson and OPPO proposed to discuss whether to specify L3 filter for early measurements.

4 Proposals
#Proposals on NR early measurement configuration structure:

Proposal 1: NR early measurements can be configured in both NR RRCRelease message and NR system information. 
FFS any difference between IDLE and INATIVE state.
Proposal 2: Introduce some indication about early measurement support in NR SIB.
FFS details of how to indicate in NR SIB
#Proposals on Non-RAT related configurations:
Proposal 3: To control the duration of UE performing both IDLE and INACTIVE measurements, a validity timer (similar to measIdleDuration in LTE euCA) is mandatory indicated only in NR RRCRelease message (i.e. not included in NR SIB).
· It is up to NW implementation whether to set different values of durations for IDLE and INACTIVE state.
· FFS the UE behaviours after timer expiry (e.g. up to UE implementation whether to continue early measurement as in LTE euCA).
· FFS how to avoid outdated measurement reporting
Proposal 4: For both IDLE and INACTIVE early measurements, the following IEs can be optionally configured per NR frequency in both NR RRCRelease message and NR SIB:

· A list of cells (similar to measCellList in LTE euCA) the UE is required to perform early measurements. 
· It is up to NW implementation whether to set different lists for IDLE and INACTIVE state.

· A cell quality threshold (similar to qualityThreshold in LTE euCA) the UE is required to report the measurement results only for the cells which met the configured thresholds.
· A validity Area (similar to validityArea in LTE euCA) to indicate the list of cells within which UE is required to perform early measurements. If the UE reselects to a cell outside this list, the early measurements are no longer required.
· If it is absent, the UE will not have area limitation of early measurements. 
· It is up to NW implementation whether to set different lists for IDLE and INACTIVE state. FFS any difference in IDLE and INACTIVE.
#Proposals on SSB based cell level measurement configurations:
Proposal 5: For both IDLE and INACTIVE early measurements, SSB frequencies to be measured can be located out of sync raster, and can be included in both NR RRCRelease message and NR SIB.

Proposal 6: For both IDLE and INACTIVE early measurements, RSRP and RSRQ can be configured as cell and beam measurement quantity. 

Proposal 7: For both IDLE and INACTIVE early measurements, the following IEs can be configured per SSB frequency in both NR RRCRelease message and NR SIB:

· SMTC of SSB frequency not indicated in NR SIB2/4. 
· Subcarrier spacing of SSB frequency not indicated in NR SIB2/4 (mandatory indicated).
· ssb-ToMeasure of SSB frequency not indicated in NR SIB2/4.
· If absent, the UE measures all SSBs within configured SMTC window.
· FreqBandIndicatorNR of SSB frequency not included in NR SIB2/4.
· ss-RSSI-Measurement of SSB frequency not included in NR SIB2/4.
· Cell quality derivation configuration (including maximum number of SSB nrofSS-BlocksToAverage and threshold absThreshSS-BlocksConsolidation) of SSB frequency not indicated in NR SIB2/4
· If absent, the UE derives a cell measurement quantity as the highest beam measurement quantity.
Proposal 8: As LTE euCA, cell / beam SINR is not essential to be introduced as measurement quantity in NR early measurement configuration in Rel-16.
#Proposals on SSB based beam level measurement configurations:
Proposal 9: For both IDLE and INACTIVE early measurements, online discuss to adopt which alternatives on beam reporting:
· Alt-1: as CONNECTED RRM, the UE can be configured with an independent maximum beam number for reporting (e.g. maxNrofRSIndexesToReport). 
· Only beams whose measurement quantities above configured threshold for cell quality derivation are required to be reported. 
· If absent, the UE reports the beam with the highest measurement quantity. 
· Alt-2: the UE is only required to report the beam with the highest measurement quantity.
Proposal 10: For both IDLE and INACTIVE early measurements, the UE can be configured with one of the 3 beam reporting types, as CONNECTED RRM 

1) No beam reporting; 

2) Only beam identifier (number of beams to report depends on Proposal 9); 

3) Both beam identifier and quantity (number of beams to report depends on Proposal 9)   
#Proposals on RAN4 requirements:
Proposal 11: For both IDLE and INACTIVE early measurements, introduce limitation of max frequency layers and max cell number per frequency layer for the UE to monitor, as LTE euCA. Send LS to RAN4 for exact limitation values.
Proposal 12: For both IDLE and INACTIVE early measurements, online discuss: 

· Whether to introduce limitation of max beam number per frequency layer for the UE to monitor, and whether send LS to RAN4 for exact values.

· Whether to specify L3 filter for cell and beam level measurement reporting.
#Other Proposals:
Proposal 13: For both IDLE and INACTIVE early measurements, it is not essential to support CSI-RS based NR early measurements in Rel-16.
Proposal 14: LTE UE in IDLE mode can be configured with NR early measurements to support fast setup of (NG)EN-DC.
Proposal 15: FFS whether NR early measurement configurations are indicated in NR SIB5 or one separate NR SIB (can discuss after basic mechanism stable).
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