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1 Introduction
OTDOA is a positioning method to be supported in NR based on PRS RSTD measurements. In addition, it was also agreed by RAN1 that PRS RSRP measurements may be configured for the UE.

Some of the related RAN1 agreements are listed below.
RAN1#98-bis:
Agreement:
· Start PRB parameter for DL PRS configuration has granularity of one PRB with a minimum of 0 and a maximum of [2176] PRBs.

· 4 PRB granularity is used for DL PRS BW configuration

· Maximum BW for DL PRS in PRBs does not exceed 272 PRBs

· Minimum BW for DL PRS in PRBs is not less than 24 PRBs

Agreement:
· At least the following DL PRS RE patterns, with comb size N equal to number of symbols M are supported (figures for information)
· Comb-2: Symbols {0, 1} have relative RE offsets {0, 1}

· Comb-4: Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}

· Comb-6: Symbols {0, 1, 2, 3, 4, 5} have relative RE offsets {0, 3, 1, 4, 2, 5}

· FFS: other DL PRS RE patterns including patterns to coexist with LTE CRS/PRS
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Agreement:
· Parameter DL-PRS-ResourceRepetitionFactor is configured for a DL PRS Resource Set and controls how many times each DL-PRS Resource is repeated for a single instance of the DL-PRS Resource Set

· Values: 1, 2, 4, 6, 8, 16, 32

· Parameter DL-PRS-ResourceTimeGap is configured for a DL-PRS Resource Set

· DL-PRS-ResourceTimeGap indicates offset in units of slots between two repeated instances of a DL PRS Resource corresponding to the same DL-PRS Resource ID within a single instance of the DL PRS Resource Set 

· DL-PRS-ResourceTimeGap is provided only if DL-PRS-ResourceRepetitionFactor is configured and is greater than 1

· Values: 1, 2, 4, 8, 16, 32

· The time duration spanned by one DL PRS Resource set containing repeated DL PRS Resources should not exceed DL-PRS-Periodicity 

· Note: UE RX beam sweeping is up to UE implementation

Agreement:
A bitmap for DL PRS muting is configured for a DL PRS Resource Set. The following options are supported for the applicability of the bitmap.

· Option 1: Each bit in the bitmap corresponds to a configurable number of consecutive instances (in a periodic transmission of DL-PRS resource sets) of a DL-PRS Resource set

· All DL-PRS Resources within a DL-PRS Resource Set instance are muted for a DL-PRS Resource Set instance that is indicated to be muted by the bitmap

· Option 2: 

· Each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS Resources within an instance of a DL-PRS Resource Set (The length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor)

· The above applies to all instances of the DL-PRS Resource Set that the above DL-PRS Resources are part of.

· Bitmap size values: 2, 4, 8, 16, 32 bits

· FFS: Configuration of bitmaps corresponding to both options at the same time to the UE

Agreement:
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.
· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource

· Name can be defined by RAN2

· Each TRP should only be associated with one such ID

RAN1#98:

Agreement:
Inform RAN2 of the following:

· It is RAN1 understanding that discussion on mapping of positioning techniques to reference signals and measurements is out of RAN1 scope and therefore RAN1 does not intend to define such mapping. 

· It is RAN1 understanding that RAN2 will define signalling that can support any RAT dependent positioning technique including hybrid RAT dependent positioning solutions

· RAN1 agreed on the tables below that provide mapping between reference signals and measurements based on the latest status of RAN1 discussion

· The positioning techniques are indicated for information purpose as examples and do not intend to influence higher layer signalling to be developed by RAN2

· Note: Table will be modified in the future if additional reference signals for UE/gNB measurements are agreed

	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID


	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	Rel.16 SRS for positioning, Rel.16 DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	Rel.16 SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT


Agreement:
· Periodicity of DL PRS allocation is configured per DL PRS Resource Set

· i.e. all DL PRS Resources of a given set have the same periodicity

· Multiple DL PRS Resource Sets can be configured per TRP

· FFS how many DL PRS Resources Sets can be configured per TRP

· The following periodicity values for periodicity of DL PRS allocation are supported

· P = {4, 8, 16, 32, 64, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots

· 20480 is not supported for an SCS of 15 kHz

· FFS: Further restrictions on values applicable to different SCS

2 Discussion
Two types of measurements can be configured for OTDOA, RSTD and PRS RSRP. PRS RSRP may also be used for multi-RTT, but the requirements may be not identical even if they will be similar in some aspects, since they serve different purpose and are based on different capabilities.

· Proposal 1: Requirements to support OTDOA are specified in a separate section, or at least RAN4 needs to wait until the signalling structure is decided.
2.1 Intra/inter-frequency requirements

RAN4 needs to develop OTDOA measurement and measurement accuracy requirements.

· Proposal 2: 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.

· Proposal 3: 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.

· Proposal 4: 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.


2.2 Applicable measurement gaps

RAN4 needs to discuss and agree on which measurement gap patterns are used for OTDOA measurements when the UE needs measurement gaps for performing the measurements.
· Proposal 5: 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.
· Proposal 6: FFS whether new measurement gap patterns are further specified for OTDOA positioning in Rel-16.
2.3 PRS measurement bandwidth
The smallest PRS bandwidth is 24 PRBs while the largest PRS bandwidth is 272 PRBs, and the PRS bandwidth can be configured with 4 PRB resolution. The measurement performance can be quite different for different bandwidths due to the large range of the configurable bandwidths. Specifying the requirements based on a worst case is therefore not acceptable.

· Proposal 7: 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.

2.4 Scheduling restrictions
In RAN4#92-bis, the following was agreed during the ad hoc discussion on RSTD regarding scheduling restrictions:
Investigate whether all or some of the signals need to be restricted in the PRS symbols.
The positioning measurement requirements are fulfilled for certain Ês/Iot levels. If the signal levels are beyond the required range, the requirements do not apply. Therefore, it should be left to network implementation what is scheduled in PRS symbols, at least for the signals/channels that have the same SCS and at least within the PRS bandwidth.
· Proposal 8: 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

· Proposal 9: 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

2.5 Side conditions
In RAN4#92-bis, the following was agreed during the ad hoc discussion on RSTD regarding side conditions:

· Side conditions for PRS-RSRP accuracy requirements should be the same as those for RSTD requirements for neighbor cells.
· Side condition for PRS-RSRP on serving cell is FFS
Based on the simulation results, it is reasonable to reuse the LTE RSTD side conditions, namely:
· Proposal 10: OTDOA side conditions are specified as follows:
· RSTD

· Ês/Iot for reference PRS resource (including serving cells): -6 dB, FR1 and FR2
· Ês/Iot for non-reference PRS resource: [-13] dB, FR1 and FR2
· PRS-RSRP

· Ês/Iot for reference PRS resource (including serving cells): -6 dB, FR1 and FR2
· Ês/Iot for non-reference PRS resource: [-13] dB, FR1 and FR2
2.6 OTDOA positioning measurements period
2.6.1 DRX configuration in measurement requirements
In LTE, RSTD measurement requirements do not depend on DRX cycle length, and non-DRX requirements apply regardless of whether the UE is configured with DRX or not.

In NR, it is proposed that the same approach is reused for RSTD measurements.

· Proposal 11: Non-DRX requirements apply for RSTD measurement period, regardless of whether and which DRX configuration is configured for the UE.

For PRS-RSRP, when configured together with RSTD, it is reasonable to follow the same approach as for RSTD, e.g., non-DRX measurement period regardless of the DRX configuration. On the other hand, if PRS-RSRP is configured without RSTD, the measurement period may depend on the DRX cycle length.

· Proposal 12: 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.

2.6.2 Measurement requirements under a cell change

When performing OTDOA positioning measurement(s), the UE may need to change a serving cell, e.g., due to HO, reconfiguring PSCell, or switching SCells. In this case, the UE needs to decide how to continue with the measurement(s).

· Proposal 13: 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). 

· Proposal 14: The same behavior applies also for PRS-RSRP.

2.7 Absolute and relative PRS-RSRP accuracy requirements for OTDOA
In RAN4#92-bis, the following was agreed during the ad hoc discussion on PRS-RSRP measurement accuracy:

· Need further investigation whether only relative PRS-RSRP accuracy is needed or both relative PRS-RSRP and absolute PRS-RSRP accuracies are needed.
· Need further investigation regarding the use case of PRS-RSRP e.g. multi-RTT, OTDOA, DL AOD. 
UE is configured absolute PRS-RSRP, therefore at least absolute PRS-RSRP accuracy requirements are needed. Furthermore, if relative accuracy requirements are to be specified RAN4 needs to first discuss what is the reference for the relative accuracy, while keeping in mind that the reference in OTDOA is not limited to the serving cell.
· Proposal 15: For OTDOA, at least absolute PRS-RSRP accuracy requirements are specified.
· Proposal 16: 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.

3 Summary
The following have been proposed in this contribution:
· Proposal 1: Requirements to support OTDOA are specified in a separate section, or at least RAN4 needs to wait until the signalling structure is decided.
· Proposal 2: 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.

· Proposal 3: 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.

· Proposal 4: 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 5: 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.

· Proposal 6: FFS whether new measurement gap patterns are further specified for OTDOA positioning in Rel-16.

· Proposal 7: 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 8: 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

· Proposal 9: 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
· Proposal 10: OTDOA side conditions are specified as follows:

· RSTD

· Ês/Iot for reference PRS resource (including serving cells): -6 dB, FR1 and FR2

· Ês/Iot for non-reference PRS resource: [-13] dB, FR1 and FR2

· PRS-RSRP

· Ês/Iot for reference PRS resource (including serving cells): -6 dB, FR1 and FR2

· Ês/Iot for non-reference PRS resource: [-13] dB, FR1 and FR2

· Proposal 11: Non-DRX requirements apply for RSTD measurement period, regardless of whether and which DRX configuration is configured for the UE.

· Proposal 12: 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.

· Proposal 13: 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). 

· Proposal 14: The same behavior applies also for PRS-RSRP.

· Proposal 15: For OTDOA, at least absolute PRS-RSRP accuracy requirements are specified.

· Proposal 16: 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.
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