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1 Intra-frequency and inter-frequency definition (~40min)
1.1 Contributions list
	Agenda
	Tdoc number
	Type/for
	Title
	Source

	9.6.1
	R4-1708384
	Discussion
	Analysis of Intra-frequency and Inter-frequency Measurement Definitions
	Ericsson

	9.6.1
	R4-1708385
	LS
	LS on Definitions of Intra-frequency and Inter-frequency Measurements
	Ericsson

	9.6.1
	R4-1707909
	Discussion
	Intra-frequency and Inter-frequency Definition for NR
	Qualcomm Incorporated

	9.6.2
	R4-1707413
	Discussion
	Further discussion on inter-frequency and intra-frequency measurement definition
	Intel

	9.6.2
	R4-1707414
	LS
	LS on inter-frequency and intra-frequency measurement definition
	Intel

	9.6.2
	R4-1707487
	Discussion
	Further discussion on definition of intra-frequency and inter-frequency measurement
	CATT

	9.6.2
	R4-1707871
	Discussion
	Definitions of intra and inter frequency measurement
	MediaTek

	9.6.2
	R4-1707837
	Discussion
	Discussion on measurement capability for NR
	LG Electronics Mobile Research

	9.6.2
	R4-1708192
	Discussion
	Discussion on intra frequency and inter frequency definition in NR
	ZTE

	9.6.2
	R4-1708251
	Discussion
	Discussion on definitions of intra and inter frequency measurement
	Huawei, HiSilicon

	9.6.2
	R4-1708252
	LS
	LS on definitions of intra and inter-frequency measurements
	Huawei, HiSilicon

	9.6.2
	R4-1707457
	Discussion
	Discussion on measurement categorization for NR
	Nokia, Nokia Shanghai Bell


1.2 Proposals summary
	Companies
	Proposals

	Ericsson
	· Proposal # 1: A measurement performed by the UE on a neighbour cell is called as an intra-frequency measurement provided that the center frequency of the measurement resources (MRSC) used for measurement on the serving cell and the center frequency of the measurement resources (MRNC) used for measurement on the neighbour cell are the same. SSB and CSI-RS based intra-frequency measurements are expressed as follows:

· A SSB based measurement performed by the UE on a neighbour cell is called as an intra-frequency measurement provided that the center frequency of the SS block used for measurement on the serving cell and the center frequency of the SS block used for measurement on the neighbour cell are the same.

· A CSI-RS based measurement performed by the UE on a neighbour cell is called as an intra-frequency measurement provided that the center frequency of the CSI-RS resources configured for measurement on the serving cell and the center frequency of the CSI-RS resources configured for measurement on the neighbour cell are the same.

· Proposal # 2: A measurement performed by the UE on a neighbour cell is called as an inter-frequency measurement provided that the center frequency of the measurement resources (MRSC) used for measurement on the serving cell and the center frequency of the measurement resources (MRNC) used for measurement on the neighbour cell are different. SSB and CSI-RS based inter-frequency measurements are expressed as follows:

· A SSB based measurement performed by the UE on a neighbour cell is called as an inter-frequency measurement provided that the center frequency of the SS block used for measurement on the serving cell and the center frequency of the SS block used for measurement on the neighbour cell are different. 

· A CSI-RS based measurement performed by the UE on a neighbour cell is called as an inter-frequency measurement provided that the center frequency of the CSI-RS resources configured for measurement used for measurement on the serving cell and the center frequency of the CSI-RS resources configured for measurement used for measurement on the neighbour cell are different. 

· Proposal # 3: If the serving cell of the UE transmits multiple SS blocks then the UE should be configured with a reference SS block in the serving cell for performing SSB based intra-frequency measurements.

	Qualcomm
	1. Intra-frequency, no gaps needed -> serving cell and neighbor cell SS block overlap and are within the UE operating bandwidth - SS blocks 1 and 2 in Figure 1

2. Intra-frequency, gaps needed -> SS block of serving cell (and possibly neighbor) is outside the UE operating bandwidth – SS block 5 (and possibly 6) in Figure 1

· This case could also be referred as inter-frequency even though the serving cell is being measured

3. Inter-frequency, gaps not needed ->SS block of neighbor cell is not aligned with serving cell SS block but is within the UE operating bandwidth – SS block 3

· Even though the SS block is within the UE operating bandwidth, whether the UE can perform measurements on different frequencies (for example parallel measurements on f1 and f3) depends on the UE capability. Baseline assumption should be that the UE can only perform measurements in one frequency location at a time and measurement delays should be scaled

4. Inter-frequency, gaps needed -> SS block of neighbor cell is not aligned with serving cell SS block and is outside UE operating bandwidth – SS block 4

	Intel
	Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the neighbour cell can be measured or synchronized without measurement gap.

Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the neighbour cell can be measured or synchronized with measurement gap.


	CATT
	•
Intra-frequency SS block based measurement: Neighbour cell measurements performed by the UE are intra-frequency measurements when one of the SS block(s) for current and target cell operate on the same carrier frequency.  

•
Inter-frequency SS block based measurement: Neighbour cell measurements performed by the UE are inter-frequency measurements when the SS block(s) for current and target cell operate on different carrier frequency. 

	MediaTek
	Proposal 1: RAN4 to add side condition to prioritize of some scenarios in Rel-15. Rule for inter and intra frequency can be set at least for prioritized scenarios.
Proposal 2: Measurement on a target cell is regarded as intra-frequency measurement if UE can measure that cell at the same time when UE measures its serving cell(s). Otherwise, it is treated as inter-frequency measurement.
Proposal 3: Rel-15, only narrow band measurement is considered.

	LG Electronics Mobile Research
	· Proposal 1: Define intra-frequency measurement and inter-frequency measurement based on Option3.
· Proposal 2: Define naming for NR intra-frequency measurement as follows
· Intra-frequency type0 measurement = intra-frequency measurement without MG by RF tuning

· Intra-frequency type1 measurement = intra-frequency measurement with MG by RF tuning

	ZTE
	Proposal 1: Definition of intra-frequency and inter-frequency measurement should be used in NR.

Proposal 2: Definition of intra-frequency and inter-frequency is decoupled with measurement gaps.

Proposal 3: Definition of intra-frequency and inter-frequency in LTE is reused in NR.

Proposal 4: Definition of intra-frequency and inter-frequency is not coupled with measurement requirements.

	Huawei, HiSilicon
	Proposal 2: Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements in NR are defined as follows:
-
Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell has at least one SS burst set transmitted on the same carrier frequency.

-
Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when all the SS burst set(s) from neighbour cell is/are transmitted on the different carrier frequency, compared to the current cell.

	Nokia, Nokia Shanghai Bell
	Proposal 1: Two measurement categorizations are defined for NR.

-
Intra-frequency and inter-frequency measurements 

-
Measurements with re-tuning and without re-tuning

Proposal 2: A default SSB is defined per cell.

Proposal 3: Measurement on the frequency of the default SSB of the serving cell is categorized as intra-frequency measurements, and measurements on other frequencies are categorized as inter-frequency measurements.

Proposal 4: The measurement on a SSB frequency does not require RF re-tuning if the SSB frequency is included in the UE operating BW, otherwise the measurement requires RF re-tuning.


1.3 Discussion:

· Consider what is the reference for intra-frequency SS block based measurement objects

· Option 1 : Intra frequency is defined as when serving cell and target cell share the same SS block centre frequency 
· Question:
· Option 2 : Same gNB transmission centre frequency for serving cell and target cell

· Option 3 : SS block can be measured without retuning UE RF or measurement gap

· Option 4 : Other reference
Ericsson: depending on if SS block fully overlapped

QCOM: it may be possible there are more than one SCS for SS block. May need to come back revisit the definition of center frequency.

HW: what if there are multiple SS block per cell

E///:NW should indicate which is the reference SSB. Send LS to RAN2 about this.

Nokia: should leave the decision to RAN2

MTK: agree with the reference SSB idea and should inform RAN2

HW: reference SSB should be clarified

E///: no direct relation between gap and reference SSB. UE specific reference SSB. Should let RAN2 know RAN4’s preference.

HW: let’s focus on the single SSB assumption

ZTE: IDLE and CONNECTED mode UE may have different behavior on the reference SSB. It is not clear if the reference SSB is dynamically indicated or not.

E///: should not change too fast.
· Options to define the categories of measurements

· Option 1: (Samsung)
· Intra-frequency measurement without RF retuning

· Inter-frequency measurement without RF retuning

· Intra-frequency measurement with RF retuning

· Inter-frequency measurement with RF retuning

· Definition:

· Intra-frequency: Same SS block center frequency location for serving cell and target cell within cell identification/measurement period 
· Inter-frequency: Different SS block center frequency location for serving cell and target cell within full or partial cell identification/measurement period
E///: intra-frequency with RF tuning should keep, inter-frequency should always assume gap

ZTE: 

HW:

Samsung: prefer to define inter-f with and without gap

· Option 2: 

· measurement without RF retuning

· measurement with RF retuning

· Option 3: (Huawei, Intel, MTK, Ericsson, QCOM, CATT, LGE, Nokia, ZTE)
· Intra-frequency measurement without RF retuning

· Intra-frequency measurement with RF retuning

· Inter-frequency measurement with RF retuning

· Definition:

· Intra-frequency for SSB based measurement: Same SS block center frequency location for serving cell and target cell. serving and target cell SSB have the same SCS

· Inter-frequency for SSB based measurement: Different SS block center frequency location for serving cell and target cell or serving and target cell SSB have different SCS

· Intra-frequency for CSI-RS based measurement: measurement bandwidth of CSI-RS of target cell is within the measurement bandwidth of CSI-RS of serving cell. Same SCS is assumed between serving and target cell CSI-RS.

· Inter-frequency for CSI-RS based measurement: measurement bandwidth of CSI-RS of target cell is not within the measurement bandwidth of CSI-RS of serving cell. 

· In case of multiple SSB scenarios, it is FFS if the center frequency of “reference SS block” of serving and/or target cell is shifted within the cell identification and measurement period.
· Option 4:

· Intra-frequency measurement without RF retuning

· measurement with RF retuning

· Definition:

· Intra-frequency: Same SS block center frequency location for serving cell and target cell within cell identification/measurement period 
· Inter-frequency: Different SS block center frequency location for serving cell and target cell within full or partial cell identification/measurement period
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· LS of intra-frequency/inter-frequency definition: 

· Ericsson

1.4 Agreement:

· Option 3: (Huawei, Intel, MTK, Ericsson, QCOM, CATT, LGE, Nokia, ZTE)

· Intra-frequency measurement without RF retuning

· Intra-frequency measurement with RF retuning

· Inter-frequency measurement with RF retuning

· Definition:
· Intra-frequency for SSB based measurement: Same SS block center frequency location for serving cell and target cell. serving and target cell SSB have the same SCS

· Inter-frequency for SSB based measurement: Different SS block center frequency location for serving cell and target cell or serving and target cell SSB have different SCS

· Intra-frequency for CSI-RS based measurement: measurement bandwidth of CSI-RS of target cell is within the measurement bandwidth of CSI-RS of serving cell. Same SCS is assumed between serving and target cell CSI-RS.

· Inter-frequency for CSI-RS based measurement: measurement bandwidth of CSI-RS of target cell is not within the measurement bandwidth of CSI-RS of serving cell. 

· In case of multiple SSB scenarios, it is FFS if the center frequency of “reference SS block” of serving and/or target cell is shifted within the cell identification and measurement period.
2 Measurement gap (~40min)
2.1 Contributions list

	Agenda
	Tdoc number
	Type/for
	Title
	Source

	9.6.4
	R4-1707109
	Discussion
	Measurement gap patterns for NR
	Ericsson

	9.6.4
	R4-1707418
	Discussion
	On measurement gap for NR
	Intel Corporation

	9.6.4
	R4-1707459
	Discussion
	Discussion on measurement gaps for NR
	Nokia, Nokia Shanghai Bell

	9.6.4
	R4-1707488
	Discussion
	Discussion on measurement gap for NR
	CATT

	9.6.4
	R4-1707854
	Discussion
	Discussion on measurement gap for NR
	CMCC

	9.6.4
	R4-1707859
	Discussion
	Discussion on measurement of SS block in asynchronous NR
	LG Electronics Mobile Research

	9.6.4
	R4-1707862
	Discussion
	Discussion on measurement gap in NR
	LG Electronics Mobile Research

	9.6.4
	R4-1707873
	Discussion
	Measurement Gap for CSI-RS
	MediaTek inc.

	9.6.4
	R4-1707931
	Discussion
	Discussion on measurement gap for NR
	NTT DOCOMO, INC.

	9.6.4
	R4-1708195
	Discussion
	Discussion on measurment gap in NR
	ZTE

	9.6.4
	R4-1708274
	Discussion
	Further discussion on measurement gap in NR
	Huawei, HiSilicon

	9.6.4
	R4-1708275
	LS
	Reply LS on NR initial access and mobility
	Huawei, HiSilicon


2.2 Proposals summary

	Companies
	Proposals

	Ericsson
	Proposal 1: MGRP= {40ms, 80ms, 160ms and 320ms} is adopted in NR

Proposal 2: For a single measurement object and SMTC periodicity, the gap based measurement performance will be determined by max (MGRP,SMTC periodicity)

Proposal 3: If UE does not require gaps for intrafrequency measurements, then SMTC which do not overlap with gaps should be considered first for the measurements

Proposal 4:  If UE requires gaps for intrafrequency measurement, an appropriately timed gap pattern should be assumed to be provided

Proposal 5: Network can configure gap pattern with longer MGRP if the UE can measure intrafrequency without gaps, and all intrafrequency SMTC are overlapping with gaps with a shorter MGRP

Proposal 6: MGRP=320ms is used to allow proposal 5 to be used with 160ms SMTC periodicity

Proposal 7: When SMTC overlap occurs with intrafrequency measurements the UE is assumed to be able to measure cells in both SMTC groups.

Proposal 8: For fully overlapping SMTC, Nfreq scaling should be used to specify the reauirements

Proposal 9: For non overlapping SMTC Nfreq scaling should not be applied between the measurement objects.

Proposal 10: For partially overlapping SMTC, Nfreq scaling can be used in the same way as for fully overlapping 

	Intel Corporation
	Proposal 1: The measurement gap shall be assumed for all Rx-beamforming based cell measurement/identification (i.e. mmWave).

Proposal 2: The measurement gap pattern can be configured per frequency layer group. The frequency layers can be grouped into one group as long as measurement windows on those frequency layers are synchronous

Proposal 3: In NR the MGRP can be configured as 40ms or 80ms or 160ms.

Proposal 4: the interval between gaps may not be equal to MGRP, but in statistic of measurement period the gap density shall be consistent with MGRP.

Proposal 5: with 6ms MGL, the interruption time to SCG might be 7ms if asynchronous dual connectivity is used for LTE+NR; otherwise the interruption time is 6ms.

Proposal 6: the gap usability indication may be needed for each frequency layer within MGRP.

	Nokia, Nokia Shanghai Bell
	Proposal 1: Need for gaps depends on whether the measured carrier frequency is included in UE operating BW. UE should be able to measure multiple frequencies without gaps if all are included in UE operating BW.

Proposal 2: Depending on UE implementation, measurement with Rx beamforming may or may not require gaps.

Proposal 3: Gaps configured by MN/SN apply only to serving cells in MN/SN.

Proposal 4: In EN-DC, if allowed by UE RF capability,

-
MN gaps can be used to measure objects configured by SN in addition to those configured by MN; 

-
SN gaps can be used to measure objects configured by MN in addition to those configured by SN

Proposal 5: 160ms MGRP is supported for NR. 

Proposal 6: RAN4 should further discuss if separate gaps are needed for CSI-RS based measurement.

Proposal 7: There is no need to restrict network to use single or multiple SMTCs across different frequency layers.

	CATT
	Proposal 1: For intra-frequency measurement, LTE gap pattern can be re-used for NR with SMTC information

Proposal 2: For inter-frequency measurement, it is not desirable to define the frequency specific measurement gap pattern form signaling overhead and throughput performance of serving cell aspect.

Proposal 3: For inter-frequency measurement, it is desirable to define a single SMTC with the same starting time offset of measurement time window across different carriers.

Proposal 4: For inter-frequency measurement based on single SMTC with the same starting time offset of measurement time window, 160ms of MGRP should be considered for NR.

	CMCC
	Proposal 1: it is preferred to configure multiple SMTC across the multiple frequency layers.

	LG Electronics Mobile Research
	Proposal 1: In case of different SSBP with different SSBO, 6ms of MGL per MGRP cycle should be configured with different offset to contain each SSB as option2.

Proposal 2: MGRP of 160ms is needed to be defined for case that SSBP is configured with 160ms and SSB is configured with same value (i.e, MGO) for all target cells with different frequencies.  

Proposal 3: For beneficial use of MG in target cells with different frequencies, each SSBO and each SMTCO should be configured to contain window of MGL such that there is no empty MGL for measurement.

	MediaTek inc.
	Proposal 1: RAN4 to treat SS block and CSI-RS with equal priority when discussion corresponding RRM requirements.

	NTT DOCOMO, INC.
	Observation1: 6ms MGL seems to be enough to measure all of SS blocks in SS burst set, however in some cases, 6ms MGL is too long to measure SS blocks in one SS burst set.

Observation2: If SMTC is configured in synchronous network, there is no need to configure long MGL e.g. 6ms since SMTC can provide measurement window, periodicity, duration and offset information to UE.

Observation3: Shorter MGL than 6ms is useful in terms of saving DL resources in some cases. Since similar discussion has already been done in Rel.14 LTE measurement gap enhancement, short gap for LTE (MGL=3ms) could be reused in NR.

Observation4: Regarding NSA operation, there is no need to configure measurement gap both of RF chains when either LTE or NR measurement is performed since NR UE has at least 2 RF chains.

Observation5: Measurement gap should be configured independently between LTE and NR, and coordination between LTE and NR should be as small as possible.

Observation6: As discussed in Rel.14 LTE, per CC measurement gap and network controlled small gap (NCSG) should be considered.

	ZTE
	Proposal 1: MGL of 3 ms, 4 ms, 5 ms and 6 ms are supported in NR.

Proposal 2: MGRP of 20 ms is supported considering serving cell frequency layer measurement.

Proposal 3: MGRP of 160 ms would be considered only if different measurement gap periodicity is applied on different carrier frequency layers.

Proposal 4: RAN4 to study the feasibility of different measurement gap configuration, including periodicity, gap length and offset, on different frequency layers.

Proposal 5: Using the same measurement gap as for SS block based measurement is considered as one candidate for CSI-RS based measurement.

Proposal 6:  5 ms of SS burst set periodicity is used in asynchronous network.

	Huawei, HiSilicon
	Proposal 1: If measurement gaps are needed for intra-frequency measurement, 6ms MGL is sufficient regardless the intra-frequency cells are synchronized or not.

Proposal 2: MGRP could be 40ms and 80ms.

Proposal 3:

-No issue is foreseen if inter-frequency measurement is based on single SMTC across different frequency carriers;

- No issue is foreseen if single inter-frequency measurement duration/offset information and multiple inter-frequency measurement window periodicity are configured across different frequency carriers;

-It may introduce interruptions or extend the measurement gap length if multiple inter-frequency measurement duration/offset across different frequency carriers are configured.


2.3 Discussion:

· MGL (sub-6GHz):

· Option 1: 6ms only (Intel, MTK, Huawei,)
· Option 2: 6ms and other shorter MGLs (ZTE,QCOM)
· MGL (mmWave):

· Option 1: 6ms only (Intel, MTK, Huawei,)

· Option 2: 6ms and other shorter MGLs (ZTE,QCOM)

ZTE: single layer with shorter SSB burst may enable shorter MGL

MTK/E///: offset from different frequency layer should be considered. LTE has the similar issue.

QCOM: for mmWave, see the benefit to introduce short MGL

E///: it takes time to introduce new MGL

Nokia: time and switching time is also our concern

QCOM: it won’t be much different to introduce different MGL

· MGRP:

	Companies
	MGRP proposals

	Ericsson
	40ms, 80ms, 160ms and 320ms

	Intel Corporation
	40ms, 80ms, 160ms

	Nokia, Nokia Shanghai Bell
	40ms, 80ms, 160ms

	CATT
	40ms, 80ms, 160ms

	LG Electronics Mobile Research
	40ms, 80ms, 160ms

	ZTE
	20ms, 40ms, 80ms, 160ms

	Huawei, HiSilicon
	40ms, 80ms


· For NSA

· Candidates: {20ms, 40ms, 80ms, 160ms, 320ms} 

· If there is LTE inter-frequency layer to be monitored, 160ms MGRP won’t be used.

· RAN4 will not define LTE inter-frequency requirements based on 160ms MGRP

· It is FFS if shorter MGRP is needed for mmWave

· For SA

· Candidates: {20ms, 40ms, 80ms, 160ms, 320ms} 

QCOM: shorter MGRP may be considered for mmWave

MTK: gap is used for L3 measurement. Beam tracking may use other mechanism.

Nokia: the reason to introduce 160 is due to large SMTC periodicity
E///: 160ms MGRP may impact LTE if introduced in LTE

How likely NW can configure a single measurement gap pattern to

 cover the union of SMTC of different frequency layer

HW: do we assume the gap pattern is uniformly distributed or not? Per measurement object gap is not very realistic.

E///: not easy the draw the conclusion now. Per measurement object is not very realistic.

Companies are encouraged to provide their opinion on the question” How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer”

· Gap configuration for SS blocks based measurement:
· Option 1:  measurement gap configuration per measurement object, including gap offset and MGRP

· This only applies to the scenario where the union of SMTC of different frequency layer can not be covered by a single measurement gap pattern.

· Option 2: measurement gap configuration per measurement object group including gap offset and MGRP

· Option 3: single measurement gap configuration 

· Single MGL should be configured for option 1 and 2 (?) 

· Relation between gap configuration and SMTC

· Option 1: Overlapped

· Option 2: No any restriction 
· Gap configuration for CSI-RS based measurement:

· Option 1: Use the same measurement gap as for SS block based measurement
· Option 2: Independent gap configuration for CSI-RS 

· MGL

· MGRP

· Gap offset

· Option 3: other  

2.4 Agreement:

MGL=6ms is agreed

It is FFS to introduce MGL shorter than 6ms for both sub-6GHz and mmWave
· For NSA

· MGRP: {40ms, 80ms, 160ms} 

· If there is LTE inter-frequency layer to be monitored, 160ms MGRP won’t be used.

· RAN4 will not define LTE inter-frequency requirements based on 160ms MGRP

· It is FFS if shorter MGRP is needed for mmWave

· For SA

· Candidates: {40ms, 80ms, 160ms} 

Companies are encouraged to provide their opinion on the question” How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer”
3 RSRP measurement metrics (20min)
3.1 Contributions list

	Agenda
	Tdoc number
	Type/for
	Title
	Source

	9.6.7.1
	R4-1707094
	discussion
	NR Measurement Metrics Definition of SS-RSRP and CSI-RSRP
	Samsung

	9.6.7
	R4-1707105
	LS out
	LS on SSRP Measurements for Mobility in NR
	Ericsson

	9.6.7
	R4-1707110
	discussion
	Further consideations on SSRP and CSIRP definition for NR
	Ericsson

	9.6.7
	R4-1707358
	discussion
	Discussion on NR RSRP defintion
	Intel Corporation

	9.6.7.1
	R4-1707485
	discussion
	Discussion on definition of RSRP meausrement
	CATT

	9.6.7.1
	R4-1708196
	discussion
	Discussion on RSRP definition in NR
	ZTE

	9.6.7.1
	R4-1708280
	discussion
	Further analysis on measurement definitions
	Huawei, HiSilicon

	9.6.7.1
	R4-1708283
	LS out
	Draft LS on definitions of SS block RSRP and CSI-RS RSRP
	Huawei, HiSilicon

	9.6.7.1
	R4-1708342
	discussion
	NR RSRP and CSI-RS Measurement Definitions
	Nokia, Nokia Shanghai Bell


3.2 Proposals summary

	Companies
	Proposals

	Samsung
	Proposal 1: Based on the above discussion, the corresponding RAN4 discussion should be focused on: 

    - Reference point for OTA requirement in measurement metrics definition;

    - Measurement Procedure related to measurement metrics definition and future performance requirement.

Observation 1: During OTA test for absolute accuracy requirement of SS-RSRP and CSI-RSRP, UE RX beamforming gain (with appropriate tolerance) is needed, which could be obtained based on the declared value by UE vendor for the specific antenna pattern direction.

Proposal 2: for carrier frequency above 6GHz, reference point for SS-RSRP and CSI-RSRP should be defined as:

- For carrier frequencies above 6GHz the reference point for the SS-RSRP and CSI-RSRP is in the receiving path after RX antenna array, with UE-specific RX beamforming gain applied in the measurement being taken into account.

Proposal 3: Even multiple SS-Blocks with the same SS-Block index are configured over frequency domain for a wideband CC of a UE, it should be up to UE implementation whether or not the power contribution from additional SS-block could be considered for SS-RSRP measurement. 

Proposal 4: It should be up to UE implementation whether NR-PBCH DMRS can be used or not, as long as the measurement accuracy requirement can be reached.

	Ericsson
	Proposal 1: The same definition is used for conducted and OTA SSRP/CSI-RP 

Proposal 2: The reference for SSRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE for beamforming purposes

Proposal 3: Maximum number of TX ports in CSIRP may be addressed (e.g. in RAN4 requirements) once the CSI-RS measurement configuration becomes clearer.

Proposal 4: Measurement definition applies for single SS block and single CSI-RS sequence 

Proposal 5: PBCH DMRS may need further study in RAN4 to verify that it improves measurement accuracy. 

Proposal 6: Time averaging does not need to be included for RAN1 definition purposes

Proposal 7: Separate definitions are maintained for SSRP and CSIRP

Proposal 8: The following measurement definition is adopted for NR( tables in R4-1707110

	Intel Corporation
	Proposal 1: When SS block is beamformed, SS RSRP should be obtained based on SS blocks with the same SS block index.

Proposal 2: When SS block is not beamformed, SS RSRP should be obtained based on SS blocks with any SS block index.

Proposal 3: If SS block is beamformed, NW should guarantee that the SS block with identical SS blocks index are transmitted with the same Tx beamforming.

Proposal 4: If SS block is beamformed, per-beam based RSRP should be defined. 

Proposal 5: Per beam CSI RSRP shall be defined for RRC_CONNECT.

Observation 1: Compared to LTE, single SS block based RSRP cannot well represent the channel condition of whole CBW.  

	CATT
	Propose the definitions of SSRP and CSI-RSRP in tables in R4-1707485

	ZTE
	Proposal 1: SS block based RSRP definition should be per beam measurement.

Proposal 2: CSI-RS based RSRP definition should be per beam measurement.

Proposal 3: Clarification on averaging in time domain is needed.

Proposal 4: The RSRP definition should be differentiated across frequency ranges.

	Huawei, HiSilicon
	Proposal1: The reference point for the RSRP shall be the antenna connector of the UE if it has an antenna connector. Otherwise, the reference point for the RSRP shall be defined according to a standard model in order to leave flexibility for the UE antenna implementation. 

Proposal2: the reference point for UE without antenna connector can be defined according to the baseline setup in NR testability study item once they are finished

Proposal3: It is recommended to define SS block RSRP in high level without discussing how to average SS block in detail.

Proposal4: CSI-RS-RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements that carry CSI reference signals configured within the considered measurement physical resources.

	Nokia, Nokia Shanghai Bell
	Proposal 1: SS-Block-RSRP metric is defined based on measurement from a single SS-Block.

Next question is how to average the power contribution of each RE carrying the SSS-signal. We propose to use average power of the REs carrying the SSS signal in the SS-Block-RSRP definition.

Proposal 2: Use SSS REs contained in one SS-Block to derive the SS-Block-RSRP.

Proposal 3: Use average of the power contribution of the REs carrying the SSS signal in the SS-Block-RSRP definition


3.3 Discussion:

· Terminology

· RSRP of SS block

· Option 1: SSRP 

· Option 2: SS-RSRP 

· Option 3: SS-block-RSRP

· Option 4: others 

· RSRP of CSI-RS

· Option 1: CSI-RP 

· Option 2: CSI-RS-RSRP 

· Option 3: CSI-RSRP

· Option 4: others 

Leave this to RAN1 to decide.

· Whether the RSRP definition should be differentiated across frequency ranges

· Yes or No

· Whether the DMRS of PBCH shall be used for RSRP measurement

· Option 1: depends on UE implementation

·  Option 2: others

E///: don’t have to make decision now. But should clarify UE may need to use DMRS/PBCH in definition

HW: no hurry to make decision. Company just needs to declare if DMRS is used or not

QCOM: may change the RSRP definition. Power boosting for DMRS should be clarified as well

SS: for simulation alignment purpose, no DMRS

MTK:

SSS based RSRP is the baseline for simulation alignment purpose. 

· Whether SS block RSRP definition should be per SS block, per beam, or per cell

· Option 1: Per SS block

· Option 2: Per beam

· Option 3: Per cell
· Time domain averaging for RSRP definition:

· Necessity: yes or no?

· If “yes” to above question, how to perform time domain averaging?

· Time domain averaging among the SS blocks with the same SS block index?

· Frequency domain averaging for RSRP definition:

· Necessity: yes or no?

· If “yes” to above question, how to perform frequency domain averaging?

· Whether CSI-RSRP definition should be per cell or per beam

· Option 1: per cell

· Option 2: per beam

· Reference point for SSRP/CSI-RP measurement under OTA

· Option 1: The same definition is used for conducted and OTA SSRP/CSI-RP, and the reference for SSRP shall be the union of all the antenna elements of the UE from which signals are combined by the UE for beamforming purposes (Ericsson)
· Option 2: According to the baseline setup in NR testability study item once they are finished (Huawei)
· Option 3: For carrier frequencies above 6GHz the reference point for the SS-RSRP and CSI-RSRP is in the receiving path after RX antenna array, with UE-specific RX beamforming gain applied in the measurement being taken into account
· Option 4: others
· Proposed definition can be based on:

· Option 1: Definition in Ericsson tdoc: R4-1707110
· Option 2: Definition in CATT tdoc: R4-1707485
· Option 3: Definition in ZTE tdoc: R4-1708196
· Option 4: Definition in Huawei tdoc: R4-1708280
· Option 5: Definition in Nokia tdoc: R4-1708342
· Option 6: revision on one of above options (which option shall be the baseline to revise?)
3.4 Agreement:

Leave the RSRP definition to RAN1 to decide.
SSS based RSRP is the baseline for simulation alignment purpose. 

4 RSRQ measurement metrics (30min)
4.1 Contributions list

	Agenda
	Tdoc number
	Type/for
	Title
	Source

	9.6.7.2
	R4-1707095
	discussion
	Discussion on NR Quality based Measurement Metrics
	Samsung

	9.6.7.2
	R4-1707416
	discussion
	On quality based measurement of SS blocks for NR
	Intel Corporation

	9.6.7.2
	R4-1707417
	WF
	Wayforward on quality based measurement of SS blocks for NR
	Intel Corporation

	9.6.7.2
	R4-1707852
	discussion
	Further discussion on signal quality measurements for NR
	CMCC

	9.6.7.2
	R4-1707876
	discussion
	Quality based measurement on SS block
	MediaTek inc.

	9.6.7.2
	R4-1708343
	discussion
	NR Quality Measurement Discussion
	Nokia, Nokia Shanghai Bell

	9.6.7.2
	R4-1708381
	discussion
	Further Analysis of SS based RSRQ Measurement in NR
	Ericsson

	9.6.7.2
	R4-1708382
	discussion
	Analysis of CSI-RS based RSRQ Measurement in NR
	Ericsson

	9.6.7.2
	R4-1708383
	LS out
	LS on Signal Quality Measurements for Mobility in NR
	Ericsson


4.2 Proposals summary

	Companies
	Proposals

	Samsung
	Proposal 1: If SS-RSRQ is introduced and similar to SS-RSRP, SS-RSRQ definition should still be based on a single SS-block index (i.e., the same physical-layer cell identity and the same SS/PBCH block index).

Proposal 2: If SS-RSRQ is introduced, the measurement of RSSI should be based on the OFDM symbols carrying NR-SSS; It is still up to UE implementation whether NR-PBCH DMRS will be taken into account or not, as long as the measurement accuracy requirement can be reached.

Proposal 3: FFS the necessity of SS-RSRQ.

Observation 4: SS-SINR could be either underestimated or overestimated in the case of colliding SS-blocks with beamforming.

Proposal 4: FFS the necessity of SS-SINR.

Proposal 5: Consider CSI-RS based RSRQ and SINR in NR.

	Intel Corporation
	Proposal 1: The RSSI measurement period, TRSSI , can be defined as:

TRSSI= M*TSS-slot
Where,

· M is the number of slots which can carry SS blocks within the SS burst set. 

· TSS-slot is the duration of the slot which can carry the SS block. 

Proposal 2: The starting point of TRSSI is the first slot containing the first SS block in the SS burst set.

Proposal 3: RSSI estimation/averaging for the target cell may be performed on all measurement BWs where the SS block RSRP of this target cell are measured if the Tx beamforming of those SS blocks are same. 

Proposal 4: SS block based signal to noise and interference ratio (SS-SINR), can be defined as the RSRP of target SS blocks divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements of SS blocks within the same burst set periodicity and frequency bandwidth. 

	CMCC
	Proposal 1: SS block based RSRQ containing sufficient number of data REs should be considered as NR signal quality metric.

Proposal 2: SS block based SINR should be considered as NR signal quality metric.

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

	MediaTek inc.
	Proposal 1: The RSRQ can be supported for below 6GHz. FFS above 6GHz. 

Proposal 2: The RSSI is measured on the time location indicated by RMTC. A single RSSI per cell can be derived by averaging the receive power over the RMTC duration.

	Nokia, Nokia Shanghai Bell
	Proposal 1: Both cell and beam based quality metrics are defined.

Proposal 2: Both SS-Block and CSI-RS based quality metrics are defined.

	Ericsson
	R4-1708381:

Proposal # 1: Signal quality measurement (SSRQ) for mobility in NR is defined as a ratio of SSRP to NR carrier RSSI. In principle the definition is similar to LTE RSRQ.

Proposal # 2: The measurement duration of NR carrier RSSI part of the NR SSRQ includes at least certain number of symbols containing data channel to reflect the signal quality/interference in the measured cell.
R4-1708382:

Proposal # 1: Signal quality measurement (CSIRQ) for mobility in NR is defined as a ratio of CSIRP to RSSI. 

Proposal # 2: The RSSI part of the CSIRQ shall be measured in OFDM symbols which are also used for the CSIRP measurement by the UE.


4.3 Discussion:

· RAN4 intention is to introduce quality based measurement metric for NR:
· SS block RSRQ: yes or no?

· SS block SINR: yes or no?

· CSI-RS RSRQ: yes or no?

· CSI-RS SINR: yes or no?

· Others?

· Terminology

· RSRQ/SINR of SS block

· Option 1: SSRQ/SS-SINR 

· Option 2: SS-RSRQ/SS-SINR 

· Option 3: others 

· RSRQ/SINR of CSI-RS

· Option 1: CSIRQ/CSI-RS-SINR 

· Option 2: CSI-RSRQ/CSI-RS-SINR
· Option 3: others 

· Whether more data REs should be included in RSSI for SS block RSRQ and how to include these data REs:
· Option 1:  From Ericsson R4-1708381

To ensure that the NR carrier RSSI incorporates sufficient contributions from resource elements which can carry data channel it is proposes that the RSSI part is measured over time duration (TRSSI) starting from the first symbol in the slot containing the first SS block in the SS burst set in where the measurement is done as follows:

TRSSI = MIN (5 ms, M*L*TSS-symbol)

Where:

· M is the number of number of symbols in the SS blocks, where M = 4 (PSS, SSS and 2 PBCH symbols)

· L is the maximum number of SS blocks within the SS burst set. L depends on carrier frequency of the cell.

· TSS-symbol is the duration of the symbol in the SS block. This depends on subcarrier spacing of SS block. 

· Option 2:  From Intel R4-1707417
The RSSI measurement period, TRSSI , can be defined as:

                                                         TRSSI= M*TSS-slot
Where,

· M is the number of slots which can carry SS blocks within the SS burst set. 

· TSS-slot is the duration of the slot which can carry the SS block. 

The starting point of TRSSI is the first slot containing the first SS block in the SS burst set.

· Option 3:  Others

· Time domain averaging for RSRQ definition:

· Necessity: yes or no?

· If “yes” to above question, how to perform time domain averaging?

· Time domain averaging among the SS blocks with the same SS block index?

· Frequency domain averaging for RSRQ definition:

· Necessity: yes or no?

· If “yes” to above question, how to perform frequency domain averaging?

· Proposed definition for SS block RSRQ can be based on:

· Option 1: Definition in Ericsson tdoc: R4-1708381
· Option 2: revision on above option 
· Proposed definition for CSI-RS RSRQ can be based on:

· Option 1: Definition in Ericsson tdoc: R4-1708382
· Option 2: revision on above option 
4.4 Agreement:

5 UE measurement capability (10min)
5.1 Contributions list

	Agenda
	Tdoc number
	Type/for
	Title
	Source

	9.6.2
	R4-1707415
	discussion
	Further discussion on measurement capability for NR UE
	Intel Corporation

	9.6.2
	R4-1707714
	discussion
	On UE measurement capabilities
	Ericsson

	9.6.2
	R4-1707837
	discussion
	Discussion on measurement capability for NR
	LG Electronics Mobile Research

	9.6.2
	R4-1707853
	discussion
	Further discussion on measurement capability
	CMCC

	9.6.2
	R4-1708193
	discussion
	Further discussion on UE measurement capability in NR
	ZTE

	9.6.2
	R4-1708339
	discussion
	Number of carriers to monitor in NR
	Nokia, Nokia Shanghai Bell

	9.6.2
	R4-1708340
	discussion
	Discussion on beam related measurements in NR
	Nokia, Nokia Shanghai Bell

	9.6.2
	R4-1708341
	discussion
	Number of cells to monitor in NR
	Nokia, Nokia Shanghai Bell


5.2 Proposals summary

	Companies
	Proposals

	Intel Corporation
	Proposal 1: For NR, the intra-frequency monitoring cell number includes serving cell as long as serving cell is an intra-frequency measurement cell.

Proposal 2: For intra-frequency measurement, the NR UE shall be capable of performing measurements for 8 identified-intra-frequency NR cells. For inter-frequency measurement, the NR UE shall be capable of performing measurements of at least 4 cells per frequency for up to 3 frequencies per RAT.

Proposal 3: The UE measurement capability for the number of cells to monitor shall be independent to the frequency range

Proposal 4: IncMon feature shall be deprioritized in this stage for the UE capability requirement.

Proposal 5: the NR UE capability of frequency layers in CONNECTED mode is as following table, and the increased UE carrier monitoring capability (like IncMon in LTE) will not be considered in Release 15 NR.

Release 15 NR UE

The UE shall be capable of monitoring at least per RAT group for NSA NR and SA NR:

-     Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-     Depending on UE capability, 3 NR inter-frequency carriers

the UE shall be capable of monitoring a total of at least 7 effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, E-UTRA TDD.



	Ericsson
	· Proposal 1:For intra-frequency, the UE shall be able to measure and report in parallel for

· A minimum number of intra-frequency cells per frequency,  Ncells,intra, is[ 8],

· A minimum number of beams per intra-frequency cell, Nbeams,intra (Nbeams<=L), is 32 for above 6 GHz range,

· Proposal 2: For intra-frequency, the UE shall be able to measure and report in parallel for

· A minimum number of inter-frequency cells Ncells,inter, is[ 8] per inter-frequency,

· A minimum number of inter-frequencies, Nfreq, is [7].

· Proposal 3: The number of inter-RAT frequency layers shall only include Nfreq, E-UTRA, which includes LTE frequency layers configured by any of the NR PSCell and NR PCell. Nfreq, E-UTRA=[3].

· Proposal 4: While developing requirements, RAN4 considers UEs which:

· Support a single numerology

· Support two or more numerologies but no parallel operation (may be more loose requirements compared to the single-numerology support, when the UE is configured to use multiple numerologies)

· Support two or more numerologies with parallel operation (the requirements ideally should be the same as for the single-numerology support but the number of parallel numerologies shall be small)

· Proposal 5: For UEs supporting multiple numerologies, the UE is not required to use more than 2 numerologies in parallel, at least in the same frequency band.

· Proposal 6: Similar to LTE, RAN4 specifies Ecat per measurement category and the maximum total number of reporting criteria.

	LG Electronics Mobile Research
	Proposal 3: Table2.2 and Table 2.3 are proposed for NR measurement capability.

	CMCC
	Proposal 1: CSI-RS is not considered in the definition of intra/inter frequency measurement.

Proposal 2: it is proposed to define intra/inter frequency measurement according to the SS block centre frequency location.  

Proposal 3: the NR UE shall be capable of monitoring [8] NR carriers. 

Proposal 4: the NR UE shall be capable of monitoring:

-
8 TDD E-UTRA inter-frequency carriers , and 

-
8 FDD E-UTRA inter-frequency carriers

	ZTE
	Proposal 1: Frequency layer of serving cells, including PCell, SCells and PSCell, should also be included in the effective total number of frequency layers.

Proposal 2: For both SA and NSA NR, the total number of effective frequency layers being monitored is Nfreq. 

Nfreq = Nfreq, NR + Nfreq, E-UTRA

Note that Nfreq, NR  includes serving cell frequency layers.

Proposal 3: The number of frequency layer UE at least shall be capable of monitoring for each RAT group for NSA NR and SA NR is as follows.

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 7 NR carriers

Proposal 4: The UE shall be capable of monitoring a total of at least 10 effective carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD and NR.

	Nokia, Nokia Shanghai Bell
	R4-1708339:
Proposal 1: in LTE, a UE supporting NR, shall be able to monitor at least 16 carrier frequency layers.

Proposal 2: UE shall be able to monitor at least 12 NR inter-frequency layers. However, operator input on the number of NR inter-frequency layers to monitor would be helpful.

Proposal 3: for NSA option 3 for SN, the total number of carrier frequency layers the UE at least shall be able to monitor equals the number of NR inter-frequency layers

R4-1708340:

Proposal 1: UE shall be able to monitor at least the same number of beams as number of cells.

Proposal 2: for lower carrier frequencies (below 3GHz) the number of beams to monitor should be higher than number of cells to monitor – e.g. 1.5 times number of cells.
R4-1708341:

Proposal 1: The number of cells the UE should be able to monitor, is the same as the number of different SS-Blocks the UE should be able to monitor.

Proposal 2: Use the term ‘cell’ instead of ‘SS-Block’

Proposal 3: The UE requirements concerning number of cells to monitor includes both cell detection and at least SS-Block-RSRP.


5.3 Discussion:

· # of intra-frequency cells to monitor per frequency layer:

· Option 1: 8

· Option 2: same as the number of different SS-Blocks the UE should be able to monitor

· Option 3: others

· # of intra-frequency Tx beams to monitor per frequency layer:

· Option 1: 32 for above 6 GHz range (Ericsson)

· Option 2: 2 for up to 3GHz, 2 for from 3GHz to 6GHz, 4 for from 6GHz to 52.6GHz (LG)

· Option 3: UE shall be able to monitor at least the same number of beams as number of cells; for lower carrier frequencies (below 3GHz) the number of beams to monitor should be higher than number of cells to monitor – e.g. 1.5 times number of cells (Nokia)

· Option 4: others

· # of inter-frequency cells to monitor per frequency layer
· Option 1: 4

· Option 2: 8

· Option 3: same as the number of different SS-Blocks the UE should be able to monitor

· Option 4: others

· # of inter-frequency layers to monitor per NR RAT:

· Option 1: 3

· Option 2: 7

· Option 3: 8

· Option 4: 12

· Option 5: others

· # of effective carrier frequency layers to monitor in total for NR UE (Nfreq):

· Option 1: 7

· Option 2: 8

· Option 3: 10

· Option 4: 12

· Option 5: others
· # of numerologies to monitor per frequency band:

· Option 1: up to 2 (Ericsson)

· Option 2: others
5.4 Agreement:

6 UE Tx timing (20min)
6.1 Contributions list

	Agenda
	Tdoc number
	Type/for
	Title
	Source

	9.6.3
	R4-1707458
	discussion
	Discussion on UE transmit timing requirement for NR
	Nokia, Nokia Shanghai Bell

	9.6.3
	R4-1707486
	discussion
	Discussion on initial UE transmit timing requirement for NR
	CATT

	9.6.3
	R4-1707641
	discussion
	UE timing advance adjustment accuracy
	Ericsson

	9.6.3
	R4-1707872
	discussion
	On UE UL Tx initial timing requirements
	MediaTek inc.

	9.6.3
	R4-1708221
	discussion
	Further discussion on UE transmit timing and timing advance in NR
	Huawei, HiSilicon

	9.6.3
	R4-1708380
	discussion
	Further Analysis of UE Initial Transmit Timing Requirement
	Ericsson


6.2 Proposals summary

	Companies
	Proposals

	Nokia, Nokia Shanghai Bell
	Proposal 1: UE Tx timing accuracy requirement is determined by DL RS BW as 12Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB.

Proposal 2: UE autonomous timing adjustment accuracy requirement is determined by DL RS BW as 4Ts / N + Margin, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB. 

Proposal 3: Timing advance adjustment accuracy is 4Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB.

	CATT
	Proposal 1: For sub 6GHz, the UE initial transmission timing error shall be limited to Te, where[image: image4.png]+kT,
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Proposal 2: For above 24 GHz, the UE initial transmission timing error shall be limited to Te, where [image: image7.png]12+

ZDL.PSS/SSS
"SCSor_sigmal

=T,



.

	Ericsson
	TA adjustment accuracy:

Proposal 1: Scale TA command resolution with uplink normal CP length of the signal transmitted, from 16 Ts for 15 kHz SCS. 

Proposal 2: Scale UE relative error relative to ordered TA value with uplink normal CP length of the signal transmitted, from 4 Ts for 15 kHz SCS.

UE initial Tx timing requirement:

· Proposal # 1: The UE initial transmit timing error requirements are defined as function of subcarrier spacing of PSS/SSS (e.g. SN = 15 KHz, 30 KHz, 120 KHz and 240 KHz) and normal CP length of UL symbol (i.e. UL SCS). The proposal is shown in table 4:

Table 4: Proposed Initial Transmit Timing Error Requirements; 1 Ts = 32.55 ns

Frequency range

PSS/SSS SCS (KHz)

PSS/SSS BW (MHz)

SCS of UL signal (KHz)

Timing error limit (Te)

≤ 1 GHz

15

1.905

15

±20Ts

30

±10Ts

30 

3.81

15

±12Ts

30

±6Ts

1 GHz < F ≤ 6 GHz

15

1.905

15

±20Ts

30

±10Ts

60

±5Ts

30 

3.81

15

±12Ts

30

±6Ts

60

±3Ts

6 GHz < F ≤ 52.6 GHz

120

15.24

60

±3Ts

120

±1.5Ts

240

30.48

60

±3Ts

120

±1.5Ts

· Proposal # 2: The UE maximum autonomous time adjustment step requirements are defined as function of the uplink bandwidth and normal CP length of UL symbol (i.e. UL SCS). The proposal is shown in table 5:

Table 5: Proposed Transmit Timing Adjustment Requirements; 1 Ts = 32.55 ns

Frequency range

UL bandwidth

SCS of UL signal (KHz)

Maximum Autonomous Time Adjustment Step

≤ 1 GHz

5 MHz

15

5.5 Ts

30

5.5/2 Ts

≥ 10 MHz

15

3.5 Ts

30

3.5/2 Ts

1 GHz < F ≤ 6 GHz

5 MHz

15

5.5 Ts

30

5.5/2 Ts

60

5.5/4 Ts

≥ 10 MHz

15

3.5 Ts

30

3.5/2 Ts

60

3.5/4 Ts

6 GHz < F ≤ 52.6 GHz

≥50 MHz

60

3.5/4 Ts

120

3.5/8 Ts



	MediaTek inc.
	Proposal 1: RAN4 to start some study on whether only SS block is enough for UE to meet the UL Tx timing requirement. Based on the conclusion of the study, RAN4 may need to inform RAN1 that additional RS for timing synchronization is needed.

Proposal 2: RAN4 to prioritize the case with UL SCS no larger than DL SCS. Same SCS for DL and UL can be used as a starting point for discussion.

	Huawei, HiSilicon
	Observation 1: From UE capability point of view, the initial UE transmit timing error (Te) is impacted by the bandwidth used for UE estimating downlink timing.

Proposal 1: The initial UE transmit timing error in NR is suggested to be defined as follows:

•
For sub-6GHz, Te = ±6Ts (≈ 32.55 ns)

•
For above 6GHz, Te = ±0.75Ts (≈ 24.78 ns)

Observation 2: The requirements on maximum timing adjustment step is related to the time drift due to frequency error and UE movements.

Observation 3: The timing adjustment step in baseband shall be an integrate number of sampling period.

Observation 4: from UE implementation perspective, timing advance adjustment delay and accuracy are irrelevant to sub-carrier spacing.


6.3 Discussion:

· Initial UE transmit timing error (Te): ?
	Companies
	Proposals

	Nokia, Nokia Shanghai Bell
	UE Tx timing accuracy requirement is determined by DL RS BW as 12Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB.



	CATT
	For sub 6GHz, the UE initial transmission timing error shall be limited to Te, where[image: image9.png]+kT,
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For above 24 GHz, the UE initial transmission timing error shall be limited to Te, where [image: image12.png]12+
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	Ericsson
	· The UE initial transmit timing error requirements are defined as function of subcarrier spacing of PSS/SSS (e.g. SN = 15 KHz, 30 KHz, 120 KHz and 240 KHz) and normal CP length of UL symbol (i.e. UL SCS). The proposal is shown in table 4:

Table 4: Proposed Initial Transmit Timing Error Requirements; 1 Ts = 32.55 ns

Frequency range

PSS/SSS SCS (KHz)

PSS/SSS BW (MHz)

SCS of UL signal (KHz)

Timing error limit (Te)

≤ 1 GHz

15

1.905

15

±20Ts

30

±10Ts

30 

3.81

15

±12Ts

30

±6Ts

1 GHz < F ≤ 6 GHz

15

1.905

15

±20Ts

30

±10Ts

60

±5Ts

30 

3.81

15

±12Ts

30

±6Ts

60

±3Ts

6 GHz < F ≤ 52.6 GHz

120

15.24

60

±3Ts

120

±1.5Ts

240

30.48

60

±3Ts

120

±1.5Ts



	Huawei, HiSilicon
	The initial UE transmit timing error in NR is suggested to be defined as follows:

•
For sub-6GHz, Te = ±6Ts (≈ 32.55 ns)

•
For above 6GHz, Te = ±0.75Ts (≈ 24.78 ns)


· Autonomous timing adjustment accuracy (Tq): ?

	Companies
	Proposals

	Nokia, Nokia Shanghai Bell
	UE autonomous timing adjustment accuracy requirement is determined by DL RS BW as 4Ts / N + Margin, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB. 

	Ericsson
	· The UE maximum autonomous time adjustment step requirements are defined as function of the uplink bandwidth and normal CP length of UL symbol (i.e. UL SCS). The proposal is shown in table 5:

Table 5: Proposed Transmit Timing Adjustment Requirements; 1 Ts = 32.55 ns

Frequency range

UL bandwidth

SCS of UL signal (KHz)

Maximum Autonomous Time Adjustment Step

≤ 1 GHz

5 MHz

15

5.5 Ts

30

5.5/2 Ts

≥ 10 MHz

15

3.5 Ts

30

3.5/2 Ts

1 GHz < F ≤ 6 GHz

5 MHz

15

5.5 Ts

30

5.5/2 Ts

60

5.5/4 Ts

≥ 10 MHz

15

3.5 Ts

30

3.5/2 Ts

60

3.5/4 Ts

6 GHz < F ≤ 52.6 GHz

≥50 MHz

60

3.5/4 Ts

120

3.5/8 Ts




· Timing advance adjustment accuracy: ?

	Companies
	Proposals

	Nokia, Nokia Shanghai Bell
	Timing advance adjustment accuracy is 4Ts / N, where N = SCS_ssb / 15kHz and SCS_ssb is the SCS for SSB.

	Ericsson
	Scale UE relative error relative to ordered TA value with uplink normal CP length of the signal transmitted, from 4 Ts for 15 kHz SCS.

	Huawei, HiSilicon
	From UE implementation perspective, timing advance adjustment delay and accuracy are irrelevant to sub-carrier spacing.


· Timing advance command granularity: ?

	Companies
	Proposals

	Ericsson
	Scale TA command resolution with uplink normal CP length of the signal transmitted, from 16 Ts for 15 kHz SCS. 


6.4 Agreement:

7 System level simulation

7.1 Contributions list

	Agenda
	Tdoc number
	Type/for
	Title
	Source

	9.6.6.1
	R4-1707103
	Approval
	System level simulation assumptions in NR RRM
	Ericsson

	9.6.6.1
	R4-1707104
	discussion
	Initial System simulation results for NR RRM
	Ericsson

	9.6.6.1
	R4-1707339
	discussion
	Initial System Level Simulation Results for mmWave
	Qualcomm Incorporated

	9.6.6.1
	R4-1707340
	discussion
	Initial System Level Simulation Results for sub6
	Qualcomm Incorporated

	9.6.6.1
	R4-1707874
	discussion
	System-level simulation results
	MediaTek inc.

	9.6.6.1
	R4-1707884
	discussion
	Discussion and simulation results for NR SLS
	LG Electronics Inc.

	9.6.6.1
	R4-1707932
	discussion
	System level evaluation results for NR RRM
	NTT DOCOMO, INC.

	9.6.6.1
	R4-1708276
	discussion
	Preliminary system level simulation result for NR
	Huawei, HiSilicon


7.2 Proposals summary

	Companies
	Proposals

	Ericsson
	SLS assumption: 

Proposals in R4-1707103

SLS results:

Proposal 1: RAN4 should discuss whether genie aided RX beamforming is a suitable way to model UE measurements.

Proposal 2: RAN4 discusses the number of beams to be transmitted per cell for the various system simulation scenarios

Proposal 3: RAN4 discusses beam transmission direction for the various system simulation scenarios

Proposal 4: RAN4 discusses whether the antenna parameters are suitable for SS block transmission.

	Qualcomm Incorporated
	mmWave SLS in R4-1707339

sub6 SLS in R4-1707340

	MediaTek inc.
	Proposal 1: RAN4 to discuss the definition of beam failure rate and handover failure.

	LG Electronics Inc.
	Proposal: RAN4 considers different measurement capability definition by following perspectives:

•
Sub 6GHz and above 6GHz

•
Omni-directional Rx antenna and beamforming Rx antenna for UE

	NTT DOCOMO, INC.
	Initial evaluation results based on the agreed system level simulation assumptions

	Huawei, HiSilicon
	Observation 1: By using alternative 1 when 8 SS-blocks within SS burst set are transmitted, 3 beams and 2 cells can be detected providing side condition is about -6dB.

Observation 2: By using alternative 2 when 8 SS-blocks within SS burst set are transmitted, 4 beams and 3 cells can be detected providing side condition is about -6dB.

Observation 3: By using alternative 1 when 24 SS-blocks within SS burst set are transmitted, 4 beams and 2 cells can be detected providing side condition is about -6dB.

Observation 4: By using alternative 2 when 24 SS-blocks within SS burst set are transmitted 6 beams and 3cells can be detected providing side condition is about -6dB.


7.3 Discussion:

· System level simulation assumptions:

· Can the assumptions in Ericsson tdoc R4-1707103 be approved?

· Others?

7.4 Agreement:

8 Link level simulation

8.1 Contributions list

· Cell detection 

	Agenda
	Tdoc number
	Type/for
	Title
	Source

	9.6.6.2.1
	R4-1707093
	discussion
	Link level simulation results for PSS/SSS detection
	Samsung

	9.6.6.2.1
	R4-1707338
	discussion
	PSS/SSS Detection in NR: Initial Link Level Simulation Results
	Qualcomm Incorporated

	9.6.6.2.1
	R4-1707356
	discussion
	Link level simulation results for PSS/SSS detection in NR
	Intel Corporation

	9.6.8
	R4-1707357
	Discussion
	Discussion on NR cell identfication requirements

	Intel Corporation

	9.6.6.2.1
	R4-1707933
	discussion
	Link level evaluation results on NR-PSS/SSS detection
	NTT DOCOMO, INC.

	9.6.6.2.1
	R4-1708105
	discussion
	Preliminary simulation results of PSS/SSS detection in NR
	CATT

	9.6.6.2.1
	R4-1708222
	discussion
	Further discussion on cell identification in NR
	Huawei, HiSilicon

	9.6.6.2.1
	R4-1708223
	discussion
	Link level simulation result for PSS/SSS detection
	Huawei, HiSilicon

	9.6.6.2.1
	R4-1708278
	Approval
	Updated link level simulation assumption of cell detection in NR
	Huawei, HiSilicon, NTT DOCOMO, INC.


· SS block measurement  (9.6.6.2.2)

	Agenda
	Tdoc number
	Type/for
	Title
	Source

	9.6.6.2.2
	R4-1707355
	discussion
	NR RSRP link level simulation result
	Intel Corporation

	9.6.6.2.2
	R4-1707460
	discussion
	Initial simulation results for NR SSB based measurement
	Nokia, Nokia Shanghai Bell

	9.6.6.2.2
	R4-1707717
	discussion
	Link level simulation results for SS block based measurements
	Ericsson

	9.6.6.2.2
	R4-1707855
	discussion
	Simulation results for SS block measurement
	CMCC

	9.6.6.2.2
	R4-1707875
	discussion
	Simulation Results for RSRP Measurement Accuracy of NR
	MediaTek inc.

	9.6.6.2.2
	R4-1707947
	discussion
	Link level evaluation results on SS block measurement
	NTT DOCOMO, INC.

	9.6.6.2.2
	R4-1708224
	discussion
	Link level simulation result for SS-block based measurement
	Huawei, HiSilicon


· Other link level simulation assumptions 

	Agenda
	Tdoc number
	Type/for
	Title
	Source

	9.6.6.2.3
	R4-1707719
	discussion
	Link-level simulation assumptions for RLM
	Ericsson

	9.6.6.2.3
	R4-1708277
	Approval
	Link level simulation assumption for CSI-RS based measurement
	Huawei, HiSilicon

	9.6.6.2.3
	R4-1708285
	discussion
	Discussion on PBCH reading
	Huawei, HiSilicon

	9.6.6.2.3
	R4-1708286
	Approval
	Simulation assumption for PBCH reading
	Huawei, HiSilicon

	9.6.8
	R4-1708225
	discussion
	Discussion on radio link monitoring in NR
	Huawei, HiSilicon

	9.6.8
	R4-1708226
	Approval
	Simulation assumptions on radio link monitoring in NR
	Huawei, HiSilicon


8.2 Proposals summary

· Cell detection 

	Companies
	Proposals and observations

	Samsung
	Observation 1: Cell detection delay is larger under channels with larger number of paths and longer path delays.   

	Qualcomm Incorporated
	Case#

SINR

Cell ID

NID1, NID2
AWGN

CDL-A

120 kHz

240 kHz

120 kHz

240 kHz

1

-6 dB

674

{224,2}

1

1

1

1

2

673

{224,1}

1

1

1

1

3

-7 dB

674

{224,2}

1

1

1

2

4

673

{224,1}

1

1

2

2

5

-8 dB

674

{224,2}

1

1

2

2

6

673

{224,1}

1

2

2

2



	Intel Corporation
	PSS/SSS detection:

Table 1: 90th percentile detection delay (Number of ss block) (Intel)

SINR

(dB)

Channel

Case 1

Case 2

-8

-7

-6

-8

-7

-6

AWGN

1

1

1

1

1

1

EPA5

2

2

2

2

2

2

ETU30

3

3

2

3

2

2

CDL-A

3

3

3

3

2

2

TDL-A

3

3

2

2

2

2

Table 2: One shot detection probability

SINR

(dB)

Channel

Case 1

Case 2

-8

-7

-6

-8

-7

-6

AWGN

0.911

0.934

0.951

0.990

1

1

EPA5

0.734

0.790

0.802

0.792

0.840

0.872

ETU30

0.578

0.662

0.744

0.612

0.718

0.766

CDL-A

0.602

0.660

0.698

0.662

0.744

0.754

TDL-A

0.630

0.678

0.732

0.810

0.834

0.868

Cell identification:

Proposal 1: If SS block time index is necessary to be obtained during a cell identification procedure, the delay requirement for NR cell identification can be composed of:

•
NR PSS/SSS detection delay

•
PBCH detection delay

•
RSRP measurement delay

Proposal 2: RAN4 should strive to define a SMTC configuration agonistic cell identification requirements.  

Proposal 3: Requirements for PSS/SSS detection should be defined as

•
UE should be able to detect PSS/SSS within a time period, where there are at least [N] SS blocks, of which the received SNR is not less that [X]dB.    

Proposal 4: For sub-6GHz, the RX beamforming shall not be considered when RAN4 defines the cell identification requirements.

	Huawei, HiSilicon
	Cell identificatiton:
Proposal 1: For the measurements based on SS block, it is suggest that the cell identification delay includes PSS/SSS detection latency and measurement period of SS block RSRP.

Proposal 2: For the measurements based on CSI-RS for L3 mobility, it is suggest that the cell identification delay at least includes PSS/SSS detection latency, DMRS detection time and measurement period of CSI-RS RSRP. 

−
For L>8, it is suggested that the NR-PBCH reading time is added into the cell identification.

Proposal 3: For the measurements based on CSI-RS for L3 mobility, it is suggest that the cell identification delay includes PSS/SSS detection latency and measurement period of CSI-RS RSRP if an indication related to the synchronization information is provided to the UE.
PSS/SSS detection:

Observation 1: For sub6GHz, it seems that the subcarrier spacing do not significantly impact the NR-PSS/SSS detection time.

Observation 2: The NR-PSS/SSS detection time are reduced by using 4 receivers.

	Huawei, HiSilicon, NTT DOCOMO, INC.
	Updated link level simulation assumption of cell detection in NR


· SS block measurement  (9.6.6.2.2)

	Companies
	Proposals and observations

	Intel Corporation
	Proposal 1: The simulation result for K=1 can be used a baseline case for the first stage to calibrate the result and converge the simulation assumptions in needed.

	Nokia, Nokia Shanghai Bell
	-
The overall measurement accuracy of SSS RSRP is quite good with 5 samples, the largest absolute error is 2.02dB

-
There is performance gap between different SSB SCSes in fading channels, the largest gap can be ~1dB

-
4Rx does not always lead to better absolute accuracy than 2Rx, but the relative accuracy is improved

-
There is no clear difference between propagations, while ETU is slightly more challenging.

	CMCC
	Table 1 simulation results for 15KHz SCS

Delta RSRP

Propagation condition

SINR(dB)

5%

50%

95%

AWGN

-6

-0.52

-0.08

0.34

EPA5

-1.70

0.11

1.61

ETU30

-1.58

0.01

1.23

ETU70

-0.76

0.04

0.77

Table 2 simulation results for 30KHz SCS

Delta RSRP

Propagation condition

SINR(dB)

5%

50%

95%

AWGN

-6

-0.52

-0.07

0.33

EPA5

-1.46

0.07

1.42

ETU30

-2.30

-0.18

1.10

ETU70

-1.04

-0.02

0.85



	MediaTek inc.
	Observation 1: When sample number is larger than 2, the delta RSRP of both measurement methods are in the -2dB to +2dB range and the RSRP absolute accuracy difference between two measurement methods is small.

Observation 2: The measurement accuracy has no significant improvement when sample number N≥3.

Proposal 1: RSRP measurement requirement is specified based on SSS only.

Proposal 2: Sample number should be at least no smaller than 3 for RSRP measurement.

Proposal 3: RAN4 to dsicuss the measurement period and sample number used in one L1 output.

	NTT DOCOMO, INC.
	· For RSRP measurement based on single SS/PBCH block, utilizing PBCH-DMRS in addition to NR-SSS could improve RSRP measurement accuracy significantly.

· Available number of REs for one-shot RSRP measurement based on NR-SSS only is 127, while available number of REs for one-shot RSRP measurement based on NR-SSS and PBCH-DMRS is 127+144 = 271.

· Assuming LTE RSRP accuracy requirements (e.g., +/- 6 dB) with implementation margin of 2 dB, one-shot measurement (i.e., 1 sample) is sufficient in almost cases.

· If implementation margin of 3 dB is considered, RSRP measurement based on NR-SSS only would require 3 samples while RSRP measurement based on NR-SSS and PBCH-DMRS can achieve an accurate measurement based on 1 sample

	Huawei, HiSilicon
	Observation: it seems that the RSRP measurement accuracy with four receivers is better than that with two receivers.


· Other link level simulation assumptions 

	Companies
	Proposals and observations

	Ericsson
	R4-1707719: Link level simulation assumption for RLM


	Huawei, HiSilicon
	R4-1708277: Link level simulation assumption for CSI-RS based measurement

R4-1708286: Link level simulation assumption for PBCH reading

R4-1708226: Link level simulation assumptions on RLM


8.3 Discussion:

· Cell detection 

· Link level simulation assumptions for cell detection in NR:

· Can the assumptions in Huawei and DOCOMO tdoc R4-1708278 be approved?

· Delay requirement for NR cell identification:
· Option 1 (Intel): includes NR PSS/SSS detection delay, PBCH detection delay and RSRP measurement delay 

· Option 2 (Huawei): 

· includes PSS/SSS detection latency and measurement period of SS block RSRP for the measurements based on SS block; 

· includes PSS/SSS detection latency, DMRS detection time and measurement period of CSI-RS RSRP for the measurements based on CSI-RS for L3 mobility

· For L>8, it is suggested that the NR-PBCH reading time is added into the cell identification.

· includes PSS/SSS detection latency and measurement period of CSI-RS RSRP if an indication related to the synchronization information is provided to the UE for the measurements based on CSI-RS for L3 mobility

· Others?
· SS block measurement  (9.6.6.2.2)

· Sample number for RSRP measurment
· Option 1: 5 samples
· Option 2: at least no smaller than 3
· Option 3: Assuming LTE RSRP accuracy requirements (e.g., +/- 6 dB) with implementation margin of 2 dB, one-shot measurement (i.e., 1 sample) is sufficient in almost cases. If implementation margin of 3 dB is considered, RSRP measurement based on NR-SSS only would require 3 samples while RSRP measurement based on NR-SSS and PBCH-DMRS can achieve an accurate measurement based on 1 sample
· Option 4: others

· Other link level simulation assumptions 

· Link level simulation assumption for RLM

· Option 1: Ericsson tdoc R4-1707719
· Option 2: Huawei tdoc R4-1708226
· Option 3: other
· Link level simulation assumption for CSI-RS based measurement
· Option 1: Huawei tdoc R4-1708277
· Option 2: other
· Link level simulation assumption for PBCH reading

· Option 1: Huawei tdoc R4-1708286
· Option 2: other
8.4 Agreement:

9 LS related topics
9.1 Contributions list
· UE measurement capabilities across LTE and NR
	Agenda
	Tdoc number
	Type/for
	Title
	Source

	9.1.2


	R4-1707101
	discussion
	Further discussion on UE measurement capabilities across LTE and NR
	Samsung

	9.1.2


	R4-1707920
	discussion
	Discussion on UE measurement capabilities across LTE and NR
	NTT DOCOMO, INC.

	9.1.2


	R4-1708013
	discussion
	Further discussion on UE measurement capability across LTE and NR
	Intel Corp

	9.1.2


	R4-1708014
	LS out
	Reply LS on UE measurement capabilities across LTE and NR
	Intel Corp

	9.1.2


	R4-1708194
	discussion
	Further discussion on UE measurement capabilities across LTE and NR
	ZTE

	9.6.2


	R4-1707489

	discussion
	Further discussion on UE measurement capability across LTE and NR


	CATT



	9.6.2


	R4-1707715
	discussion
	UE measurement capabilities across LTE and NR
	Ericsson

	9.6.2


	R4-1707716
	LS out
	Response to LS on UE measurement capabilities across LTE and NR
	Ericsson

	9.6.2


	R4-1708281
	discussion
	Further consideration on UE measurement capability across LTE and NR in NSA operation
	Huawei, HiSilicon

	9.6.2


	R4-1708282
	LS out
	Draft Reply LS on UE measurement capability across LTE and NR
	Huawei, HiSilicon

	9.6.2


	R4-1708345
	discussion
	Measurement capabilities for LTE-NR
	Nokia, Nokia Shanghai Bell

	9.6.2


	R4-1708346
	LS out
	Reply LS on UE measurement capabilities across LTE and NR
	Nokia, Nokia Shanghai Bell


9.2 Proposals summary

· UE measurement capabilities across LTE and NR
	Companies
	Proposals

	Samsung
	Observation 1: For NR, if MN and SN configure measurement objects with different SS-blocks over the frequency domain even in the same wideband carrier frequency, the measurement objects should be considered as two.

Observation 2: Two items, (1) Offset to the carrier frequency (offsetFreq) and (2) Cells to apply alternative TTT (altTTT-CellsToAddModList and etc.) are allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object.

	NTT DOCOMO, INC.
	Proposal1: As long as the contents related to measurement condition (i.e., carrier frequency, allowed measurement bandwidth, Reference signal for measurement) of the 2 different measurement objects are the same, it would be counted as “1 frequency layer”.

Proposal2: Regarding the contents related to reporting method (i.e., Black list, Cells to apply alternative TTT, etc.), it could be different between 2 different measurement objects which the contents related to measurement condition are same.

Proposal3: RAN4 replies that it is necessary that parameters related to measurement condition (i.e., carrier frequency, measurement bandwidth and reference signal for measurement) are same.

Proposal4: RAN4 replies that RAN4 has not discussed any there are no other UE requirements across inter-RATs at this stage.

	Intel Corp
	Q3: Would the answer to Q2 be dependent on differences in configuration of the measurement object?

[RAN4]: No. Only if the measurement configurations from MN and SN are targeting the same carrier frequency and all the parameters in those configurations are exactly the same (except object ID), it should be counted as 1 measured object.

Q4: If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

-
For example, the parameters included in E-UTRA measurement object are listed in Annex.

-
Any other parameters to be specified for NR, if any.

[RAN4]: The only parameters which can be allowed to differ is the measurement object ID. The other parameters, shall be configured with the exactly same values in these two measurement configurations to regard the two measurement object configurations from both MN and SN as one measurement object.

Q5: In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

[RAN4]: Beside the measurement capability requirement on the total number of carrier frequencies for the all supported RATs, RAN4 will also define the capability requirement on the number of carrier frequencies per RAT group.

	ZTE
	Proposal 1: The answer to Q2 would be dependent on differences in configuration of the measurement object.

Proposal 2: layer 3 parameters, which are offset to the carrier frequency, T312 and Cells to apply alternative TTT, can be allowed to differ in the two measurement object configurations. Other parameters should be the same in order that it can be taken as one measurement object.

	CATT


	Proposal 1: The NR UE measurement capabilities requirements can be specified at least per RAR and across all supported RATs.

Proposal 2: The UE measurement capabilities requirements can be specified across LTE and NR for NSA scenarios.

Proposal 3: In order to count the two measurement objects on the same carrier frequency configured from MN and SN as one measurement object, all the parameters related to the L1 measurement behaviours should be the same value.

	Ericsson
	Q3:
Would the answer to Q2 be dependent on differences in configuration of the measurement object? 

Apart of that the measurement object for NR is not yet defined, MN and SN may potentially configure RRM measurements for different purposes (different measurements) and may also adapt the same measurement configuration based on different information, algorithms, priorities, or requirements. In one example, a UE may be configured with different measurement gap patterns or measurement cycles by the two nodes. In another example, MN and SN may request a UE to perform measurement based on different sets of signals, with different periodicities and/or in different time/frequency resources. In yet another example, the measurements may be interrupted and may interrupt other operations for different reasons, MN and SN may have different information about when the interruptions may occur and thus configure differently. In yet another example, different cell lists may be included by MN and SN.

Q4:
If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

-
For example, the parameters included in E-UTRA measurement object are listed in Annex.

-
Any other parameters to be specified for NR, if any.

RAN4 kindly asks RAN2 to provide a list of parameters of the NR measurement configuration which may come from either node.

More generally, measurements configured by MN and SN may be considered to be the same if, e.g., they are:

•
Performed over the same bandwidth,

•
Performed based on exactly the same time/frequency resources, on the same measurement bandwidth part, within the same bandwidth, with the same frequency center, with the same periodicity, etc.,

•
Performed based on the same signals, 

•
Configured for the same purpose, etc.

•
Reported according to the same reporting configuration,

•
Performed based on the measurement gap pattern, the same measurement cycle pattern, etc.

•
Meeting the same measurement period requirements, measurement accuracy requirements, interruption requirements, etc.

•
Configured for the exactly the same PCI or a set of cells and/or beams.

The list above is a high-level example.

More specifically, out of all potentially possible parameters in measurement block configuration, first there is a need to identify which parameters may be commonly provided by MN and SN, and then which parameters have to be the same for a measurement to be considered the same.

Q5:
In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

There are currently no agreements in RAN4 on which exact requirements will be specified, also because many NR design details are still under discussion in other groups. However, it is worth noting that similar to LTE there likely to be reporting criteria requirements which aim to limit the total and per-category (including inter-frequency and inter-RAT) numbers of reporting criteria requested in parallel from a UE, where different measurement identities are associated with different reporting criteria.

	Huawei, HiSilicon
	Q3:
Would the answer to Q2 be dependent on differences in configuration of the measurement object? 

A3:
RAN4 would like to clarify that Q2 is dependent on differences in configuration of the measurement objects. If UE can measure these two objects at a time, they should be counted as one measured object.

Q4:
If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

-
For example, the parameters included in E-UTRA measurement object are listed in Annex.

-
Any other parameters to be specified for NR, if any.

A4: 
In order to regard the two measurement object configurations from both MN and SN as one measurement object, all the parameters except Cells to apply alternative TTT need to be configured with the same value.

Q5:
In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

A5:
RAN4 will not specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT. RAN4 will define the same requirement regardless whether the measurement object is configured from MN or SN.

	Nokia, Nokia Shanghai Bell
	Q3:
Would the answer to Q2 be dependent on differences in configuration of the measurement object? 

Reply:

RAN understands measurement Object here as frequency layer.

No, if the measurement object (the measured carrier frequency layer) is the same but the measurement configuration (additional parameters) is different it would still count as one frequency layer.

Q4:
If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

-
For example, the parameters included in E-UTRA measurement object are listed in Annex.

-
Any other parameters to be specified for NR, if any.

Reply:

RAN understands measurement Object here as frequency layer.

If MN and SN separately configures a frequency layer at least the center frequency of the frequency layer needs to be the same. RAN4 will still need to discuss further related to other parameters such as S-measure etc. As RAN4 is only discussing EN-DC (i.e. NR NSA option 3) the only frequency layers considered are frequency layers pointing NR carriers.

Q5:
In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

Reply:

RAN4 is currently focusing the work on EN-DC (i.e. NR NSA option 3). What may be specified in the future will be discussed in due time.


9.3 Discussion:
· UE measurement capabilities across LTE and NR
· Q3:
Would the answer to Q2 be dependent on differences in configuration of the measurement object? 

· Option 1: revision based Intel tdoc R4-1708014
· Option 2: revision based Ericsson tdoc R4-1707716
· Option 3: revision based Huawei tdoc R4-1708282
· Option 4: revision based Nokia tdoc R4-1708346
· Option 5: other
· Q4:
If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

· Option 1: revision based Intel tdoc R4-1708014
· Option 2: revision based Ericsson tdoc R4-1707716
· Option 3: revision based Huawei tdoc R4-1708282
· Option 4: revision based Nokia tdoc R4-1708346
· Option 5: other
· Q5:
In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

· Option 1: revision based Intel tdoc R4-1708014
· Option 2: revision based Ericsson tdoc R4-1707716
· Option 3: revision based Huawei tdoc R4-1708282
· Option 4: revision based Nokia tdoc R4-1708346
· Option 5: other
9.4 Agreement:

