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9.8.1
General (Scope and structure)

	TDoc
	Title
	Source
	Type

	R4-1913458
	Further discussion on TS 38.133 specification structure for NR positioning RRM requirements
	Intel Corporation
	discussion

	R4-1913459
	[draftCR] TS 38.133 structure for NR positioning RRM requirements
	Intel Corporation
	draftCR


1. Spec structure: Intel (R4-1913458/ R4-1913459)
9 Measurement Procedure
9.X
NR measurements for positioning
9.X.1
Introduction
9.X.2
UE DL PRS RSTD measurements

9.X.3
UE DL PRS RSRP measurements 

9.X.4       UE Rx-Tx time difference measurements

9.X.5
UE SS-RSRP/SS-RSRQ and CSI-RSRP/CSI-RSRQ measurements

10 Measurement Performance requirements

10.X
NR measurements for positioning
10.X.1
UE DL PRS RSTD measurements

10.X.2
UE DL PRS RSRP measurements

10.X.3
UE Rx-Tx time difference measurements

10.X.4
UE SS-RSRP/SS-RSRQ and CSI-RSRP/CSI-RSRQ measurements

10.X.5
gNB Rx-Tx time difference measurements

10.X.6      UL SRS (PRS)-RSRP

10.X.7      UL SRS (PRS) RTOA

10.X.8      UL SRS (PRS) AoA
Agreements in RRM session:
Agree on core requirements (section 9.X).
Discussion:

Agreements:

9.8.2.1
UE measurements

9.8.2.1.1
 System and link simulations 
1. System-level evaluations for PRS-RSTD and PRS-RSRP

	TDoc
	Title
	Source
	Type

	R4-1913262
	SLS results for PRS-RSTD & PRS-RSRP measurement
	MediaTek inc.
	discussion

	R4-1913487
	System-level evaluations for PRS-RSTD and PRS-RSRP
	Intel Corporation
	discussion

	R4-1914957
	Further simulation results for NR positioning
	Huawei, HiSilicon
	discussion

	R4-1915172
	System-level simulation results for RSTD in NR
	Nokia, Nokia Shanghai Bell
	discussion

	R4-1915193
	system level simulation results for DL PRS side conditions
	Qualcomm Incorporated
	discussion

	R4-1915256
	Updated system-level simulation results for PRS RSTD and RSRP
	Ericsson
	discussion

	R4-1915420
	System-level simulation results for RSTD in NR
	Nokia, Nokia Shanghai Bell
	discussion


Summary of proposals:
	PRS Es/Iot
	Company position (FR1)

	Reference cell
	-3 dB
	QC
	
	
	
	
	
	

	
	-6 dB
	MTK
	E///
	Nokia
	Intel
	
	
	

	Neighbor cell
	-13 dB
	QC
	MTK
	E///
	Intel
	HW*
	
	

	PRS Es/Iot
	Company position (FR2)

	Reference cell
	0 dB
	QC
	
	
	
	
	
	

	
	-6 dB
	MTK
	E///
	Intel
	
	
	
	

	Neighbor cell
	-10 dB
	QC
	
	
	
	
	
	

	
	-13 dB
	MTK
	E///
	Intel
	HW*
	
	
	


* Excluding comb-2 PRS
Agreements in RRM session:
FR1 side conditions:
· Neighbour cell PRS Es/Iot = -13 dB

· Reference cell PRS Es/Iot:
· Option 1 = -3 dB

· Option 2 = -6 dB
FR2 side conditions:

· Neighbour cell PRS Es/Iot:

· Option 1 = -13 dB

· Option 2 = -10 dB

· Reference cell PRS Es/Iot:

· Option 1 = -3 dB

· Option 2 = -6 dB
Discussion:

Agreements:

2. Link simulations for PRS-RSTD and PRS-RSRP

	TDoc
	Title
	Source
	Type

	R4-1915257
	Link-level simulation assumptions for PRS RSTD and RSRP
	Ericsson
	Approval

	R4-1913461
	Link-level simulation assumptions for PRS RSTD measurement
	Intel Corporation
	discussion

	R4-1913721
	Link-level simulation Assumptions for RSTD measurement
	CATT
	discussion

	R4-1915803
	Link-level simulation assumptions for PRS RSTD and RSRP
	Ericsson
	Approval


Agreements in RRM session:
Link simulations to be revised in R4-1915803

Discussion:

Agreements:

9.8.2.1.2 PRS-RSTD measurements


	TDoc
	Title
	Source
	Type

	R4-1913264
	Discussion on PRS-RSTD measurement
	MediaTek inc.
	discussion

	R4-1913460
	Discussion on NR UE PRS RSTD measurement requirements
	Intel Corporation
	discussion

	R4-1913719
	Discussion on RSTD Measurement Report Mapping
	CATT
	discussion

	R4-1914954
	Discussion on RSTD measurement
	Huawei, HiSilicon
	discussion

	R4-1915178
	On DL PRS RSTD measurements in NR positioning
	Qualcomm 
	discussion

	R4-1915258
	UE measurements for OTDOA
	Ericsson
	discussion

	R4-1913722
	Discussion on frequency layer and measurement gap
	CATT
	discussion


1. PRS configurations for RSTD measurement requirements:

· Proposal # 1: R4-1915178 (Qualcomm):

· RAN4 to select a subset of DL PRS configurations for defining the requirements. The criterion for such selection can further be discussed. System/link simulations can be used to identify the subset. Specifically:

· DL PRS BW be chosen from a representative set based on numerology

· Comb pattern and repetition factor can be selected according to DL PRS BW in a similar manner as in LTE where smaller PRS BW can take larger number of repetition factor and comb size and lager PRS BW can take smaller values.

· Proposal # 2: R4-1914954 (Huawei):

· The accuracy requirements are defined for a limited set of combinations of PRS configuration (BW, comb, symbol number, repetition) and the side condition (SINR). The combinations should be determined from system level simulations.

· Proposal # 3: R4-1915258 (Ericsson):

· For OTDOA (PRS RSTD and PRS-RSRP), the requirements are specified for all configurable PRS bandwidths, while the PRS bandwidths can be grouped into ranges when the performance is very similar.

· Proposal #4: R4-1913460 (Intel):

· No need to specify the requirements for the inter-RAT NR PRS RSTD measurement between E-UTRA and NR cells.

Issues for discussion:

PRS configuration for which requirements are defined: PRS BW, comb, symbols etc. 

Discussion:

Intel:  Core requirements should be considered. One PRS BW per SCS: one configuration but apply for multiple BWs
E///: Operators cannot use other BWs if limited to one PRS BW. 

HW: core requirements mean measurement period
E///: may depend on PRS BW

E///: All 3 combs should be covered.

QC: agree all 3 comb patterns should be included.

CATT: is it for core?

Intel: Methodology for core requirements: want to limit sets of requirements.

QC: details of requirements are secondary issues.

HW: What about repetition factor

QC: difficult to agree on all repetition factors

E///: Accuracy is met over measurement period

HW: combination of parameters need to be discussed.

QC: Same model as in LTE

HW: one to one mapping between comb and symbols
Agreements:
Core requirements shall be applicable for:

· All PRS BW.
· All comb patterns.
· All repetition factors.
2. RSTD measurement period/delay:

· Proposal #1: R4-1913460 (Intel):

· For NR RSTD measurement delay, the consideration with the UE complexity (e.g. limited buffer size) shall be taken.

· The allowed RSTD measurement delay would be multiplied by the number of layers that need to be measured as defined for LTE RSTD measurement. 

· 
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· Where in, 
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 is the periodicity of DL PRS allocation in slots configured per DL PRS resource,

·  is the number of PRS positioning resource for all cells (e.g. n=16 in []) to be detected and measured,

· 
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  is the measurement time for a single PRS positioning resource which includes the sampling time and the processing time.

· FR2 PRS RSTD requirements can be defined under assumptions that no QCL information is provided.

· For RRM requirements, only single PRS resource shall be used to define the minimum requirements.

· Proposal #2: R4-1915178 (Qualcomm):

· Proposal: RSTD measurement reporting delay formulation in LTE to be used as a starting point for NR. Moreover,
· Periodicity of PRS resource set(s)

· Number of PRS resources to be measured: pending discussions in RAN1

· UE processing power per measurement window: pending further discussions in RAN1 

· RSTD uncertainty window as indicated by OTDOA assistance data: 

· Proposal 4a. RAN4 to define RSTD uncertainty depending on numerology (scaling down with increasing SCS)

· Delay related to a single PRS resource including sampling and processing time: further discussions in RAN1 and RAN4

· Number of positioning frequency layers to be measured: pending discussions in RAN1

· UE Rx beam sweeping factor in FR2: for further discussion in RAN4. 

· Proposal #3: R4-1915628 (Ericsson):

· Non-DRX requirements apply for RSTD measurement period, regardless of whether and which DRX configuration is configured for the UE.

Issues for discussion:
Factors/parameters impacting measurement period:

· PRS configuration

· RX beam sweeping (FR2)

Requirements in DRX: 

Discussion:

Intel: RSTD based on LTE

HW: some details on window are being discussed in RAN1

E///: Not possible to agree on methodology – need to check details.

Intel: UE can handle only PRS resource per PRS periodicity. 

MTK: In some case even if QCL is configured due to side condition it cannot be used. 

QC: beam sweeping factor for FR2 is needed.

Intel: QCL is provided then no scaling is required.

QC: For minimum requirements beam sweeping 
Agreements:

· Non-DRX requirements apply for RSTD measurement period, regardless of whether and which DRX configuration is configured for the UE.

3. Intra-frequency vs inter-frequency RSTD measurement:

· Proposal #1: R4-1913264 (MediaTek):

· The PRSs with the same numerology and the same center frequency as the serving cell active BWP are intra-frequency PRSs. PRSs not satisfying the definition of intra-frequency PRS are considered to be inter-frequency PRS
· Proposal #2: R4-1913460 (Intel):

· Reuse CSI-RS based L3 measurements intra/inter-frequency measurement definition for NR PRS measurements.

· Proposal #3: R4-1914954 (Huawei):
· RAN4 should follow RAN1 conclusion on the definition of positioning frequency layer.

· RAN4 does not define intra- and inter-frequency RSTD measurement related to serving cell.

· Proposal #4: R4-1915178 (Qualcomm):

· RAN4 to define intra-frequency RSTD as when the SCS, CP, BW, and point-A of a DL PRS resource is the same as those of reference DL PRS resource and within the active BWP of UE. Inter-frequency RSTD is defined as any RSTD measurement that does not satisfy intra-frequency conditions. 

· RAN4 to use the same BWP switch delay and interruptions as in CSI-RS for mobility for DL PRS processing with BW outside of the active DL BWP.

· Proposal #5: R4-1915628 (Ericsson):

· For OTDOA, RAN4 defines the following RSTD and PRS RSRP measurement requirements:

· Intra-frequency measurement requirements, FR1 and FR2,

· Requirements for serving cells (SpCell and SCell) and intra-frequency neighbour cell may be different

· Requirements for SPCell and SCell may be different

· Inter-frequency measurement requirements, FR1 and FR2.

· For OTDOA, an intra/inter-frequency PRS-based measurement (RSTD and PRS RSRP) definitions follow similar principle as intra/inter-frequency CSI-RS based measurement definition, earlier agreed by RAN4 [1]: 

	
	Definition
	Need for measurement gaps Note 1

	Intra-frequency
	· the bandwidth of the PRS resource configured for the measurement on the neighbour cell is within the bandwidth of at least one resource (e.g., PRS or CSI-RS resource) configured for a measurement on the serving cell, and 

· the SCS of the serving and neighbour cell PRS are the same.

NOTE: for RSTD, the above conditions are met for both reference and the other DL links
	not needed
	The measurement is over the PRS bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The measurement is over the PRS bandwidth which is not fully within the active BWP of the UE

	Inter-frequency
	if at least one of the two conditions above is not met

NOTE: for RSTD, this applies for at least one of the reference and the other DL links
	not needed
	The measurement is over the PRS bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The measurement is over the PRS bandwidth which is not fully within the active BWP of the UE

	NOTE 1: For RSTD configured for a reference and the other DL links, measurement gaps may be needed for both DL links, for one of the two DL links, or for none of the two DL links, depending for which of the two DL links the conditions are met.


· Proposal #6: R4-1913722 (CATT):

· Reuse the definition of positioning frequency layer in RAN1 and the configured BW should be same in a positioning frequency layer.

· It is defined as intra-frequency measurement when UE measures on the DL PRS resource sets in the same frequency layer. Otherwise, it is defined inter-frequency measurement.

· Other options: 
Discussion:

HW: why intra-frequency is linked with gaps?

Intel: RSTD measurement is done by UE without gNB knowledge.

QC: RAN1/RAN2 are discussing alternatives for new active BWP to do all RSTD measurements. 

HW: Measurement w/o gap is one option. But intra-frequency should not be linked with gaps.

CATT: Positioning parameter layer when parameters are the same then measure without gaps. 

HW: If BWP is too large then can there be more than one frequency layers. 

CATT: Any offset between point A and starting PRB?

QC: same BW and same point A
Agreements:

Intra-frequency and inter-frequency definition are FFS; they depend on definition of PRS frequency layer which is being discussed in RAN1.
4. When Gaps needed for RSTD measurements?
· Proposal #1: R4-1913264 (MediaTek):

· In the case that the numerology and the centre frequency of neighbour cell PRS are the same as those of active BWP, the measurement gaps may not be required for the UE to perform PRS measurement 
· Instead, the network may configure a small time period before the start timing of PRS search windows and configure another small time period after the end timing of PRS search windows, such that UE may perform bandwidth adaptation within those configured time periods
· The detailed specification is FFS.
· Proposal #2: R4-1914954 (Huawei):
· Measurement gap is used for measurement of positioning frequency layers where BW of PRS resources does not fully fall in the UE active DL BWP, or the SCS of the PRS resource is different from the SCS of the serving cell. 

· Proposal #3: R4-1915178 (Qualcomm):

· UE will need measurement gaps for DL PRS if the SCS or CP of DL PRS is different from SCS or CP of the active BWP or DL PRS is not fully contained within the active BWP. 

· Other options: 
Discussion:

Intel: If PRS is measured within active BWP then no gaps are needed.
E///: Agree with above

Apple: If SCS are different then UE needs gaps?

HW: gaps are related to SCS of serving cell.

E///: what is the SCS of SSB?

Apple: No need to include the condition on SCS of active BWP.
Agreements:

Condition under which no gaps are needed for PRS measurements:
· If SCSs of reference and neighbor cells’ PRS are the same and the PRS are within the active BWP, and this SCS is same as active BWP SCS, then the UE can measure without gaps and without any scheduling restriction; 
· otherwise whether the UE needs gaps/scheduling restriction or not to measure PRS is FFS
5. Need for NEW gaps for RSTD measurements?

· R4-1913264 (MediaTek):

· There is no need to introduce new measurement gaps for NR PRS. The network does not need to configure another measure gap (in addition to the measurement gap for SMTC) for NR PRS measurement
· R4-1913460 (Intel):

· Regarding to the limited PRS resource within a legacy gap [5], RAN4 shall discuss necessity and feasibility of new measurement gap patterns for PRS measurement.

· R4-1915628 (Ericsson):

· At least all Rel-15 measurement gap configurations are also applicable for OTDOA measurements
· Measurement gaps applicability is clarified for OTDOA measurements in Section 9.1.2.

· FFS whether new measurement gap patterns are further specified for OTDOA positioning in Rel-16.
· R4-1915194 (Qualcomm):

· No new measurement gap length needs to be defined for NR positioning.

· No new measurement gap period needs to be defined for NR positioning. PRS periodicities shorter than a measurement gap periodicity can still be used for positioning measurements if measurement gap is not required.

· R4-1913705 (CATT):

· No new measurement gap pattern needs to be defined for NR positioning.

· Other options: 
Discussion:

Agreements:

6. Reporting criteria for RSTD measurement:

· R4-1915177 (Qualcomm):

· When PRS RSRP is configured to be measured along with PRS RSTD, they can be combined in the same reporting criteria with Ecat = 1. No separate Ecat needs to be allocated in this scenario. 

· When PRS RSRP is configured to be measured without PRS RSTD for intra-frequency PRS resources, Ecat = 1 is proposed. Total number of PRS resources to be measured is FFS. 

· When PRS RSRP is configured to be measured without PRS RSTD for inter-frequency PRS resources, Ecat = 1 is proposed. Total number of PRS resources to be measured is FFS. 

· Other options: 
Discussion:

E///: Need more discussion. They may be reported separately. 
HW: Ecat depends on reporting configuration: with RSTD or without RSTD

QC: what is the purpose of reporting separately.

HW: fine if there is no restriction on separate Ecat.

E///:  need to wait for RAN2 signaling. 
Agreements:
Need to check RAN2 signaling and configuration to conclude Ecat.
7. UE measurement capability

· Proposal #1: R4-1914954 (Huawei):
· RAN4 should follow RAN1 conclusion on the definition of positioning frequency layer.

· RAN4 does not define intra- and inter-frequency RSTD measurement related to serving cell.

· RAN4 should discuss UE measurement capability in terms of number of positioning frequency layers UE shall be able to measure.

· RAN4 should discuss UE measurement capability in terms of number of TRPs per frequency layer UE shall be able to measure, based on system level simulations.

· RAN4 does not define UE measurement capability in terms of number of resource sets or resources.

· Proposal #2: R4-1913264 (MTK):
· UE is required to monitor 1 frequency layer as baseline. Monitoring more than 1 frequency layers (e.g., 2 or 3) can be an UE capability

· Proposal #3: R4-1913487 (Intel):

· The minimum number of PRS resource for PRS RSRP measurements for FR1 and FR2 is [24] 

· The minimum number of PRS resource for PRS RSTD measurements for FR1 and FR2 is [8] 

· Other options: 
Discussion:

Agreements:

8. Scheduling restriction under RSTD measurement:

· Option 1 # (No transmission in PRS resource): R4-1915178 (Qualcomm); R4-1914954 (Huawei)
· RAN4 to define FR2 requirements for DL PRS under scheduling restrictions with no other DL channel/signal present in PRS slots.

· RAN4 to consider defining FR1 requirements for DL PRS under scheduling restrictions with no other channel/signal present in PRS slots given the benefits.

· UE is not assumed to receive PDCCH/PDSCH during PRS measurement. Details of scheduling restriction are FFS.

· Option 1 # (No scheduling restriction in PRS resource): R4-1915258 (Ericsson)
· In FR1, no restrictions on the UE to receive other signal/channel transmissions in PRS symbols, at least with the same SCS as PRS SCS

· FFS for FR2

· In FR1, no restrictions in a cell to transmit other signal/channel transmissions in PRS symbols, at least with the same SCS as PRS SCS

· FFS for FR2

· Other options: 
Discussion:

HW: PRS symbols in neighbor cell also does not contain other channels?
QC: need to check impact on PRS needs to be discussed.

Apple: Restriction for TDD or FDD

QC: PRS may collide also in FDD

HW: 
Agreements:

FR1: 
· UE behavior on scheduling restriction in FR1 shall be the same as agreed for FR2.

FR2:

· UE behavior on scheduling restriction in FR2 is according to the following RAN1 agreements:
· “In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE.”

· Impact of the above rule on the scheduling restriction on PRS based measurement requirements and the priority between data and measurement in RAN4 spec are FFS.

· If any problem is identified by RAN4 then how to resolve it is FFS.

9. RSTD measurement under cell change:

· R4-1915628 (Ericsson):

· The UE continues RSTD measurement after each serving cell change which is 

· on the same carrier frequency (e.g., intra-frequency HO), or

· to a different carrier frequency after which 

· the measured inter-frequency becomes a serving carrier frequency (inter-frequency requirements apply for the measurement), 

· the measured inter-frequency remains inter-frequency (inter-frequency requirements apply for the measurement), 

· the measured intra-frequency becomes inter-frequency (inter-frequency requirements apply for the measurement). 

· Other options: 
Discussion:

Agreements:
10. RSTD report mapping:

Summary of proposals:

	Minimum value
	Company position (FR1)

	Option 1
	Same as LTE (-985024Tc)
	CATT
	MTK
	
	
	
	
	

	Other option
	
	
	
	
	
	
	
	

	Maximum value
	
	
	
	
	
	
	

	Option 1
	Same as LTE (985024Tc)
	CATT
	MTK
	
	
	
	
	

	Other option
	
	
	
	
	
	
	
	

	Resolution
	
	
	
	
	
	
	

	Option 1
	16 Tc for (RSTD( ≤262144Tc;
80 Tc otherwise
	CATT
	
	
	
	
	
	

	Option 2
	[image: image4.png](4nnMH T,
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	Intel
	
	
	
	
	
	

	Option 3
	4Tc; scaled with PRS BW
	HW
	
	
	
	
	
	

	Option 4
	Smallest step: 0.5Tc; large step configurable: 0.5Tc*2µ
	QC
	
	
	
	
	
	

	Option 5
	M configurable sub-intervals within each internal
	MTK
	
	
	
	
	
	

	Other option
	
	
	
	
	
	
	
	


	Minimum value
	Company position (FR2)

	Option 1
	Same as LTE (-985024Tc)
	CATT
	MTK
	
	
	
	
	

	Other option
	
	
	
	
	
	
	
	

	Maximum value
	CATT
	MTK
	
	
	
	
	

	Option 1
	Same as LTE (985024Tc)s
	
	
	
	
	
	
	

	Other option
	
	
	
	
	
	
	
	

	Resolution
	
	
	
	
	
	
	

	Option 1
	4 Tc for (RSTD( ≤262144Tc;
20 Tc otherwise
	CATT
	
	
	
	
	
	

	Option 2
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	Intel
	
	
	
	
	
	

	Option 3
	4Tc; scaled with PRS BW
	HW
	
	
	
	
	
	

	Option 4
	Smallest step: 0.5Tc; large step configurable: 0.5Tc*2µ
	QC
	
	
	
	
	
	

	Option 5
	M configurable sub-intervals within each internal
	MTK
	
	
	
	
	
	

	Other option
	
	
	
	
	
	
	
	


Agreements in RRM session:
FR1: reuse LTE range expressed in Tc
Issues for discussion:
Resolution:

· Configurable scaling of resolution by: PRS BW, configurable parameter (e.g. scaling factor etc)

· Differentiation between FR1 and FR2

Discussion:

Agreements:

11. RSTD measurement accuracy:

· R4-1915628 (Ericsson):

· For OTDOA, RAN4 defines the following RSTD and PRS RSRP measurement accuracy requirements:

· Intra-frequency measurement accuracy requirements, FR1 and FR2

· Requirements for serving cells (SpCell and SCell) and intra-frequency neighbour cell may be different

· Requirements for SPCell and SCell may be different

· Inter-frequency measurement accuracy requirements, FR1 and FR2.

· R4-1915178 (Qualcomm):

· RSTD measurement accuracy to be defined using samples from only one DL PRS resource repetition, i.e., the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor.  Combining measurements across PRS repetitions, if possible and available, to improve performance should be left to UE implementation.

· R4-1914954 (Huawei):
· RAN4 should discuss which PRS resource set(s) should be used to derive the accuracy for RSTD for the TRP pair when multiple PRS resource set(s) are configured per TRP.
Discussion:

Agreements:

9.8.2.1.3
 PRS-RSRP measurements


	TDoc
	Title
	Source
	Type

	R4-1913265
	Discussion on PRS-RSRP measurement
	MediaTek inc.
	discussion

	R4-1914955
	Discussion on PRS-RSRP measurement
	Huawei, HiSilicon
	discussion

	R4-1915177
	On DL PRS RSRP measurements for NR positioning
	Qualcomm Incorporated
	discussion


1. PRS configuration for PRS-RSRP measurement:

· R4-1915177 (Qualcomm):

· RAN4 to select a subset of DL PRS configurations for defining the PRS RSRP requirements. The criterion for such selection can further be discussed. System/link simulations can be used to identify the subset.
· DL PRS BW be chosen from a representative set based on numerology

· Comb pattern and repetition factor can be selected according to DL PRS BW in a similar manner as in LTE where smaller PRS BW can take larger number of repetition factor and comb size and lager PRS BW can take smaller values.

· Other options: 
Discussion:

Agreements:

2. Side conditions for PRS-RSRP measurement:

· Proposal #1: R4-1915177 (Qualcomm):

· Side conditions for PRS RSRP requirements of reference PRS resource to be the same as that for reference PRS resource in RSTD requirements. 

· Proposal #2: R4-1914955 (Huawei):

· Define a single SNR side condition for all cells for PRS-RSRP measurement.
· Proposal #3: R4-1915259 (Ericsson):

· Same side condition as for UE Rx-Tx

· Other options: 
Discussion:

Agreements:

3. PRS-RSRP measurement period:

· Proposal #1: R4-1915177 (Qualcomm):

· When PRS RSRP is configured to be measured along with PRS RSTD or UE Rx-Tx time difference, PRS RSRP measurement does not need any additional delay compared to PRS RSTD or UE Rx-Tx time 

· RAN4 to use RSTD delay formulation for RSRP delay requirement when PRS RSRP is configured to be measured without any other measurements (e.g., in DL-AoD).  

· Proposal #2: R4-1913265 (MediaTek):

· For PRS-RSTD, PRS-RSRP, and PRS-RSTD + PRS-RSRP measurement, the requirements on the following items can be the same number of cells (n) to measure per frequency layer, total time (T) for UE to measure and report, given number of cells n, number of PRS occasions (k), and the periodicity of PRS (p)
· Comparing to PRS-RSTD reporting delay requirements, no extra reporting delay is required if PRS-RSRP is configured to be measured along with PRS RSTD using the same assistance data
· For test cases, the settings (n, T, k, p) listed in proposal 1 should be different for stand-alone DL-TDOA positioning and stand-alone DL-AoD positioning
· R4-1914955 (Huawei):

· As a starting point, re-use the measurement period requirements of RSTD for PRS-RSRP measurement.
· R4-1915628 (Ericsson):

· PRS-RSRP measurement period is based on non-DRX if PRS-RSRP is configured together with RSTD (in the same assistance data), otherwise the PRS-RSRP measurement period is determined by the DRX configuration and DRX cycle length if DRX is configured.

· Other options: 
Discussion:

Agreements:

4. PRS-RSRP measurement capability:

· Proposal #1: R4-1914955 (Huawei):

· Measurement capability requirements for PRS-RSRP, in terms of number of positioning frequency layers, number of TRS, resource sets and resources UE shall be able to measure, can re-use those for RSTD measurement.

Discussion:

Agreements:

5. Reporting criteria for PRS-RSRP measurement:

· Proposal #1: R4-1915177 (Qualcomm):

· When PRS RSRP is configured to be measured along with PRS RSTD, they can be combined in the same reporting criteria with Ecat = 1. No separate Ecat needs to be allocated in this scenario. 

· When PRS RSRP is configured to be measured without PRS RSTD for intra-frequency PRS resources, Ecat = 1 is proposed. Total number of PRS resources to be measured is FFS. 

· When PRS RSRP is configured to be measured without PRS RSTD for inter-frequency PRS resources, Ecat = 1 is proposed. Total number of PRS resources to be measured is FFS. 

· Proposal #2: R4-1914955 (Huawei):

· UE should be able to support 3 reporting criteria per positioning frequency layer for PRS-RSRP measurement.

· Other options: 
Discussion:

Agreements:

6. PRS-RSRP measurement report mapping:

· R4-1914955 (Huawei):

· Proposal: As a starting point, the report mapping table of SS-RSRP for absolute PRS-RSRP report mapping. Introduce differential report mapping for PRS-RSRP.

· Other options: 

Discussion:

Agreements:

7. PRS-RSRP measurement accuracy:

· R4-1915177 (Qualcomm):

PRS RSRP measurement accuracy to be defined using samples from only one DL PRS resource repetition, i.e., the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor.  Combining measurements across PRS repetitions, if possible and available, to improve performance should be left to UE implementation.

· Proposal: RAN4 to define only relative/differential measurement accuracy requirements for DL PRS RSRP.  

· R4-1914955 (Huawei):

· Both absolute and relative accuracy requirements are defined for PRS-RSRP.
· R4-1913265 (MediaTek):

· For PRS-RSRP, only relative RSRP accuracy requirement is needed.
· R4-1915628 (Ericsson):

· For OTDOA, at least absolute PRS-RSRP accuracy requirements are specified.
· For OTDOA, if relative accuracy requirements are to be discussed for PRS-RSRP, the RAN4 needs to first discuss whether the reference is the same or different from what is configured for OTDOA.
· Other options: 
Discussion:

Agreements:

9.8.2.1.4
 Rx-Tx time difference measurements

	TDoc
	Title
	Source
	Type

	R4-1913462
	Discussion on NR UE RX-TX time difference measurement requirements
	Intel Corporation
	discussion

	R4-1913720
	Discussion on UE Rx-Tx time difference report mapping
	CATT
	discussion

	R4-1914956
	Discussion on Rx-Tx time difference measurement
	Huawei, HiSilicon
	discussion

	R4-1915191
	On UE Rx-Tx time difference measurements for NR positioning
	Qualcomm Incorporated
	discussion

	R4-1915259
	UE measurements for multi-RTT
	Ericsson
	discussion


1. Measurement requirements for UE Rx-Tx:

· Proposal #1: R4-1915191 (Qualcomm):

· RAN4 to define core requirements for UE Rx-Tx time difference measurements of serving and intra-frequency neighbour cells to support multi-RTT positioning. Requirements for inter-frequency neighbour cell UE Rx-Tx time difference measurements can be visited pending agreements in other working groups. 

· Proposal #2: R4-1915259 (Ericsson):

· For multi-RTT, RAN4 defines the following UE Rx-Tx and PRS RSRP measurement requirements:

· Intra-frequency measurement requirements, FR1 and FR2,

· Requirements for serving cells (SpCell and SCell) and intra-frequency neighbour cell may be different, at least the side conditions are different

· Requirements for SPCell and SCell may be different

· Inter-frequency measurement requirements, FR1 and FR2.

· For multi-RTT, an intra/inter-frequency PRS-based measurement (UE Rx-Tx time difference and PRS RSRP) definitions follow similar principle as intra/inter-frequency CSI-RS based measurement definition, earlier agreed by RAN4 [1]: 

	
	Definition
	Need for measurement gaps

	Intra-frequency
	· the bandwidth of the PRS resource configured for the measurement on the neighbour cell is within the bandwidth of at least one resource (e.g., PRS or CSI-RS resource) configured for a measurement on the serving cell, and 

· the SCS of the serving and neighbour cell PRS are the same.
	not needed
	The measurement is over the PRS bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The measurement is over the PRS bandwidth which is not fully within the active BWP of the UE

	Inter-frequency
	if at least one of the two conditions above is not met
	not needed
	The measurement is over the PRS bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The measurement is over the PRS bandwidth which is not fully within the active BWP of the UE


· Proposal #3: R4-1914956 (Huawei):

· RAN4 to further discuss whether it is possible to associate the positioning frequency layer to a serving CC before defining intra- and inter-frequency for Rx-Tx time difference.

· Proposal #4: R4-1913462 (Intel):

· Whether UE PRS based UE Rx-Tx time difference measurements shall be applicable in intra or inter frequency can be up to the definition of the measurement frequency layer in NR positioning.

· An UE capability of UE RX-TX time difference RRM related to the inter-frequency measurement layers can be same as that of CSI-RS L3 measurement.

· Other options: 
Discussion:

Agreements:
2. UE Rx-Tx measurement period:

· Proposal #1: R4-1915191 (Qualcomm): 
· UE Rx-Tx time difference measurement delay formulation should use RSTD measurement delay formulation as a starting point. The same PRS configuration as those used for PRS RSTD requirements to be considered.

· Proposal #2: R4-1913462 (Intel):

· The measurement delay requirements for UE RX-TX time difference shall be defined with same principle as for UE PRS RSTD measurement.

· Proposal #3: R4-1914956 (Huawei):

· As a starting point, re-use the measurement period requirements of RSTD for Rx-Tx time difference measurement. 
Discussion:

Agreements:
3. Side conditions for UE Rx-Tx:

· Proposal #1: R4-1915191 (Qualcomm):

· Side conditions for UE Rx-Tx time difference measurements shall be the same as side conditions for PRS RSTD measurements based on the same DL PRS configuration.

· Proposal #2: R4-1914956 (Huawei):

· Re-use reference cell side condition in RSTD for SpCell in Rx-Tx time difference measurement.
· Re-use neighbor cell side condition in RSTD for neighbor cell in Rx-Tx time difference measurement.
· Proposal #3: R4-1913462 (Intel):

· SINR side condition to decide the UE Rx-Tx time difference measurement cell’s hearability can reuse that of PRS-RSTD.

· Proposal #4: R4-1915259 (Ericsson):

· For multi-RTT, the side conditions are specified as follows:
· UE Rx-Tx

· Ês/Iot for PRS resource in a serving cell (SpCell or SCell): 

· FR1: -3 dB for TDD, -6 dB for FDD

· FR2: -3 dB

· Ês/Iot for PRS resource in a non-serving cell: [-13] dB, FR1 and FR2

· PRS RSRP

· Same as for UE Rx-Tx

Discussion:

Agreements:

4. UE Rx-Tx measurement capability:

· Proposal #2: R4-1913462 (Intel):

· The number of cells/TRPs which UE can perform the accurate UE RX-TX time difference measurement can be same as that for PRS RSTD.

· Proposal #2: R4-1914956 (Huawei):

· Measurement capability requirements for Rx-Tx time difference, in terms of number of positioning frequency layers, number of TRS, resource sets and resources UE shall be able to measure, can re-use those for RSTD measurement.
· Other options: 
Discussion:

Agreements:

5. UE Rx-Tx measurement under cell change:

· R4-1915259 (Ericsson):

· The UE restarts the UE Rx-Tx measurement after each cell change if the change is, e.g., for the cell in which the UE is configured with SRS for the measurement. 

· The UE can continue the UE Rx-Tx measurement if the change is, e.g., for the cell different than the cell in which the UE is configured with SRS for the measurement.

· If the UE is configured with both UE Rx-Tx and PRS-RSRP, then the same behavior applies for PRS-RSRP as for the UE Rx-Tx measurement. Otherwise, the UE can continue the PRS-RSRP measurement if the change is not to the measured cell.

· Other options: 
· Discussion:
· Agreements:

6. UE Rx-Tx report mapping:

Summary of proposals:

	Range
	Company position (FR1)

	Option 1
	Same as LTE (0 to 1310208Tc)
	CATT
	
	
	
	
	
	

	Other option
	
	
	
	
	
	
	
	

	Resolution
	
	
	
	
	
	
	

	Option 1
	4 Tc for RX-TX < 262144Tc;
16 Tc otherwise
	CATT
	
	
	
	
	
	

	Option 2
	Same as RSTD; [image: image6.png](4nnMH T,
BWone




	Intel
	
	
	
	
	
	

	Option 3
	Reuse RSTD range (4Tc; scaled with PRS BW)
	HW
	
	
	
	
	
	

	Option 4
	Smallest step: 0.5Tc; large step configurable: 0.5Tc*2µ
	QC
	
	
	
	
	
	

	Other option
	
	
	
	
	
	
	
	


	Range
	Company position (FR2)

	Option 1
	Same as LTE (0 to 1310208Tc)
	CATT
	
	
	
	
	
	

	Other option
	
	
	
	
	
	
	
	

	Resolution
	
	
	
	
	
	
	

	Option 1
	1 Tc for RX-TX < 262144Tc;
4 Tc otherwise
	CATT
	
	
	
	
	
	

	Option 2
	Same as RSTD; [image: image7.png](4nnMH T,
BWone




	Intel
	
	
	
	
	
	

	Option 3
	Reuse RSTD range (4Tc; scaled with PRS BW)
	HW
	
	
	
	
	
	

	Option 4
	Smallest step: 0.5Tc; large step configurable: 0.5Tc*2µ
	QC
	
	
	
	
	
	

	Other option
	
	
	
	
	
	
	
	


Discussion:

Agreements:
7. UE Rx-Tx measurement accuracy requirements:

· Proposal #1: R4-1915191 (Qualcomm):

· UE Rx-Tx time difference measurement accuracy requirements to be defined using samples from only one DL PRS resource repetition, i.e., the time duration spanned by one DL PRS resource after repetition by DL-PRS-ResourceRepetitionFactor.  Combining measurements across PRS repetitions, if possible and available, to improve performance should be left to UE implementation.

· With respect to TA commands during a positioning session, accuracy requirements are valid under the condition that no changes to UL transmission timing are applied during the measurement period. 

· Proposal #2: R4-1915259 (Ericsson):

· RAN4 defines requirements for UE Rx-Tx time difference measurements that are applicable when timing adjustment is performed during the measurement period.
· For multi-RTT, RAN4 defines the following UE Rx-Tx and PRS RSRP measurement accuracy requirements:

· Intra-frequency measurement accuracy requirements, FR1 and FR2

· Requirements for serving cells (SpCell and SCell) and intra-frequency neighbour cell may be different, at least the side conditions are different

· Requirements for SPCell and SCell may be different

· Inter-frequency measurement accuracy requirements, FR1 and FR2.
· Proposal #3: R4-1914956 (Huawei):

· The group delay between the UE Rx/Tx antenna and the baseband should be considered in the either the accuracy requirements or test requirements of Rx-Tx time difference.

· Other options: 
Discussion:

Agreements:

9.8.2.1.5
SSB and CSI-RS RSRP/RSRQ/RSRPB measurements

	TDoc
	Title
	Source
	Type

	R4-1915260
	UE measurements for E-CID
	Ericsson
	discussion


1. Measurement requirements:

· R4-1915269 (Ericsson):

· Requirements for E-CID measurements in RRC_CONNECTED state are defined by RAN4 in Rel-16.

· E-CID measurements requirements are specified in a separate clause in Section 9. To avoid duplication, refer to existing measurement requirements whenever possible.
Discussion:

Agreements:

2. Measurement gaps for E-CID measurements:

· R4-1915269 (Ericsson):

· Rel-16 measurement gap configurations which are applicable for general RRM measurements are also applicable for E-CID measurements. No new measurement gap patterns are specified for NR E-CID measurements.

· Measurement gaps applicability is clarified for E-CID measurements in Section 9.1.2.

Discussion:

Agreements:

3. Measurement accuracy:

· R4-1915269 (Ericsson):

· No need in a new clause in Section 10 for E-CID measurements accuracy requirements, existing accuracy requirements and measurement report mappings apply.

Discussion:

Agreements:

9.8.2.2
gNB measurements
	TDoc
	Title
	Source
	Type

	R4-1913266
	Discussion on cell-phase synchronization between gNBs
	MediaTek inc.
	discussion

	R4-1913463
	Considerations on gNB measurement requirements for NR positioning
	Intel Corporation
	discussion

	R4-1913464
	WF on gNB requirements for NR positioning
	Intel Corporation
	other

	R4-1914104
	Views on gNB measurement for NR positioning
	NTT DOCOMO, INC.
	other

	R4-1914953
	Discussion on gNB requirements for NR positioning
	Huawei, HiSilicon
	discussion

	R4-1915171
	On gNB measurement requirements for NR positioning
	Nokia, Nokia Shanghai 
	discussion

	R4-1915183
	On gNB requirements for NR positioning
	Qualcomm Incorporated
	discussion


1. Cell phase sync:

· Proposal #1: R4-1913266 (Mediatek): 
· Introduce requirements on cell-phase synchronization between gNBs, and the synchronization error is recommended to be at least within [-35ns, 35ns]
· Proposal #2: R4-1915183 (Qualcomm):
· RAN4 to discuss gNB phase synchronization error requirements for TDOA positioning technique.
· If gNB phase synchronization requirements remain at R15 level, RAN4 work on DL-TDOA requirements should be deprioritized compared to other positioning techniques.
· Proposal #3: R4-1913464 (Intel): 

· further discuss the feasibility of two alternatives (e.g. for OTDOA):

· Alt.1: new requirements of cell-phase synchronization error for networks or

· Alt2: new signaling of either transmission time difference error (i.e. offset in transmission time among cells) or transmission time synchronization accuracy
· Other options: 
Discussion:

Agreements:

2. gNB measurement requirements:

· Proposal #1: R4-1914104 (DCM):
· Introduce minimum requirements of gNB measurement for NR positioning, at least gNB Rx-Tx measurement requirement
· Proposal #2: R4-1914953 (Huawei):
· RAN4 to define limited set of gNB measurement requirements in the Perf part of the WI. 
· Proposal #3: R4-1915183 (Qualcomm):
· RAN4 to also discuss gNB Rx-Tx performance requirements in conjunction with UE Rx-Tx requirements for multi-RTT positioning techniques.
· Proposal #4: R4-1915171 (Nokia):
· Optional core requirements without performance requirements for UL SRS-RSRP, AoA / ZoA and UL RTOA measurements. 
· Optional core and performance requirements for gNB Rx-Tx, provided gNB Rx-Tx accuracy requirements are aligned with UE Rx-Tx accuracy requirements and are defined for fixed antenna beams only
· Proposal #5: R4-1913463 (Intel):
· Define requirements for NR positioning gNB measurements, prioritize gNB Rx-Tx time difference measurements
· Other options: 
Discussion:

Agreements:
3. BS types for gNB measurement requirements:
· Proposal #1: R4-1914953 (Huawei):
· The gNB measurement requirements should be defined for all measurement types
· Proposal #2: R4-1915171 (Nokia):
· Different performance requirements for NR positioning for BS types operating in FR1 and FR2

· Other options: 
Discussion:

Agreements:

4. gNB measurement report mapping:
gNB Rx-Tx time difference:
· R4-1914953 (Huawei):
· Reuse UE Rx-Tx time difference report mapping
Discussion:

Agreements:

UL RTOA:
· Proposal #1: R4-1914953 (Huawei):
· Reuse RSTD report mapping
· Proposal #2: R4-1913463 (Intel):
· UL RTOA reporting granularity is determined by equation [image: image9.png](400MHz/BWsss) - T, /2



 where [image: image11.png]BW sgs prs



  is the CBW in MHz selected from the set [5, 10, 20, 25, 40, 50, 80, 100, 200, 400] MHz and closest to the configured bandwidth of UL SRS/PRS transmission.
Discussion:

Agreements:

SRS RSRP:
· Proposal #1: R4-1914953 (Huawei):
· Reuse PRS-RSRP report mapping
· Proposal #2: R4-1913463 (Intel):
· UL SRS (PRS) RSRP reporting granularity is set to 1dB. 
· Range of values and mapping for UL SRS (PRS) RSRP reporting is TBD.
Discussion:

Agreements:
AoA:

· Proposal #1: R4-1914953 (Huawei):
· The report mapping for AoA/ZoA is defined for (-180,+180] degree and (-90,+90) degree with 0.25 degree resolution.

· Proposal #2: R4-1913463 (Intel):
· The following granularity is used for AoA reporting [image: image13.png]


. Azimuth and Zenith AoAs are reported using 11 and 10 bits respectively.

· Other options: 
Discussion:

Agreements:

5. gNB testing:

· Proposal #1: R4-1914104 (DCM):
· Introduce gNB measurement test requirements for NR positioning and further discuss on which specification will implement the test requirement and test procedure
· Proposal #2: R4-1913463 (Intel):
· RAN4 to discuss possibility of simplified procedures to test gNB Rx-Tx measurements

Discussion:

Agreements:

9.8.2.3
Impact on existing RRM requirements

	TDoc
	Title
	Source
	Type

	R4-1913705
	Impact of positioning measurement on RRM measurement
	CATT
	discussion

	R4-1915194
	On impact of PRS on existing RRM requirements
	Qualcomm Incorporated
	discussion


1. Priority between PRS and other RS:

· R4-1915194 (Qualcomm):

· RAN4 to wait until further progress is made in RAN1 on the matter of PRS collision in time domain with SSB symbols. 

· For FR2, when PRS is in the same OFDM symbol as RS for RLM/BFD/CBD/L1-RSRP measurement, UE is required to measure one of, but not both of, PRS and the other RS. RAN4 can further discuss whether priority rules should be defined.  

· Other options: 
 Discussion:

Agreements:

2. Impact on HO:

· R4-1915194 (Qualcomm); R4-1913705 (CATT)
· Existing HO requirements apply while UE performs PRS measurements.
Discussion:

Agreements:

3. Impact on UE timing requirements:

· R4-1915194 (Qualcomm); R4-1913705 (CATT)
· Existing requirements on Tx timing including accuracy and application of TA apply even during an LPP session.

· Other options: 
Discussion:

Agreements:

9.8.2.4
LS reply on reference point for timing related measurement 

9.8.2.4.1 Reference point for UE measurements
	TDoc
	Title
	Source
	Type

	R4-1913391
	[draft] reply LS on Reference Point for Timing Related Measurements
	Huawei, HiSilicon
	LS out

	R4-1913465
	On reference point for timing related measurements
	Intel Corporation
	discussion

	R4-1913707
	Response LS on Reference Point for Timing Related Measurements in FR2
	CATT
	LS out

	R4-1915186
	On reference point for timing related measurements in FR2
	Qualcomm Incorporated
	discussion

	R4-1913263
	Discussion on FR2 RSTD reference point
	MediaTek inc.
	discussion

	R4-1913389
	Discussion on reference point for UE timing related measurement
	Huawei, HiSilicon
	discussion

	R4-1913717
	Further discussion on reference point for timing related measurements in FR2
	CATT
	discussion

	R4-1913718
	Response LS on Reference Point for UE Timing Measurements
	CATT
	LS out

	R4-1915254
	On reference point for UE timing related measurements
	Ericsson
	discussion

	R4-1915255
	Response LS on reference point for UE timing related measurements
	Ericsson
	LS out


UE Rx timing measurements: RSTD, Rx in UE Rx-Tx time difference:
· Option 1: MTK; Intel:
· reference point of UE Rx measurement is the combined signal from antenna elements corresponding to a given receiver branch
· Option 2: CATT; HW; E///; QC
· reference point of UE Rx measurement is at the UE Rx antenna
· Other options: 
UE Tx timing measurements: Tx in UE Rx-Tx time difference:

· Option 1: MTK; Intel
· reference point of UE Tx measurement is the combined signal from antenna elements corresponding to a given receiver branch

· Option 2: CATT; HW; E///; QC
· reference point of UE Tx measurement is at the UE Rx antenna
· Other options: 
Agreements in RRM session:
Reference point for UE is Rx antenna and Tx antenna for Rx and Tx timing measurements respectively. 
Discussion:

Agreements:

9.8.2.4.2 Reference point for gNB measurements
	TDoc
	Title
	Source
	Type

	R4-1913390
	Discussion on reference point for gNB timing related measurement
	Huawei, HiSilicon
	discussion

	R4-1913706
	Discussion on reference point for gNB timing related measurements
	CATT
	discussion

	R4-1915318
	On reference point for base station timing related measurements
	Ericsson LM
	discussion

	R4-1915336
	Draft Response LS on reference point for base station timing related measurements
	Ericsson LM
	discussion


gNB Rx timing measurements: RTOA, Rx in gNB Rx-Tx time difference
· 1-H type BS:

· Option 1: E///; HW
· Rx Transceiver Array Boundary connector

· Option 2: CATT
· Rx antenna

· Other options: 
· 1-0/2-0 type BS:

· Option 1: E///
· Center of the coordinate system reference point
· Option 2: HW; CATT 
· Rx antenna

· Other options: 
gNB Tx timing measurements: Tx in gNB Rx-Tx time difference

· 1-H type BS:

· Option 1: E///; HW
· Tx Transceiver Array Boundary connector

· Option 2: CATT
· Tx antenna

· Other options: 
· 1-0/2-0 type BS:

· Option 1: E///
· Center of the coordinate system reference point
· Option 2: HW; CATT 
· Tx antenna

· Other options: 
Agreements in RRM session:
· Reference point for 1-H type BS is Rx TAB connector and Tx TAB connector for Rx and Tx timing measurements respectively. 

· Reference point for 1-O/2-O type BS is Rx antenna and Tx antenna for Rx and Tx timing measurements respectively. 
Discussion:

Agreements:

9.8.2.5
Others

	TDoc
	Title
	Source
	Type

	R4-1915192
	On UE-based positioning performance requirements
	Qualcomm Incorporated
	discussion


1. UE based positioning:

· R4-1915192 (Qualcomm):

· RAN4 to define UE-based DL-only positioning performance requirements in terms of at least 2-D position error and max response time and the corresponding test case(s) in TS 38.133. 

· Other options: 
Discussion:

Agreements:
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