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1 Introduction

In this contribution, we continue the discussion on open issues for PRS RSTD in NR Rel-16 positioning.
2 Discussion
2.1 RSTD Side Conditions
In [1], the following options were captured for RSTD side conditions:
· Side conditions for FR1 PRS RSTD measurements

· Neighbor cells: PRS Es/Iot = [-13] dB

· Reference cell: PRS Es/Iot
· Option 1: -6 dB
· Option 2: -3 dB
· Side conditions for FR2 PRS RSTD measurements

· Neighbor cells: PRS Es/Iot
· Option 1: -13 dB
· Option 2: -10 dB
· Reference cell: PRS Es/Iot
· Option 1: -6 dB
· Option 2: -3 dB
There is no strong justification to have more relaxed side reference cell conditions in FR1 compared to LTE, so Option 1 is proposed here, to also align with Rel-15 NR side conditions.
For FR2, it is proposed to have the same side conditions as for FR1.
· Proposal 1: RSTD side conditions for the reference cell in FR1: -6 dB.
· Proposal 2: RSTD side conditions for neighbour and reference cell in FR2: same as for FR1.

2.2 Intra- and Inter-Frequency RSTD Measurement Definitions

In [1], the following was captured:

· Intra-frequency and inter-frequency definition are FFS; they depend on definition of PRS frequency layer which is being discussed in RAN1.

Other related RAN1#99 agreements:

· All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of DL PRS Bandwidth and Start PRB.
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH

· Note: In a slot in which SS/PBCH is transmitted on some symbols, DL PRS can be transmitted on other symbols

· For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not mapped on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)

· All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of combSize.
Other related RAN1#97 agreements:
· For intra-frequency measurements, when measurement gaps are configured, the UE is expected to measure the DL PRS resource outside the configured (active and inactive) BWPs (Option 2 in the related Agreement from RAN1 #96-Bis).

The following is proposed for RSTD measurements in NR.
· Proposal 3: RAN4 defines the following RSTD measurement requirements:

· Intra-frequency measurement requirements, FR1 and FR2,

· Inter-frequency measurement requirements, FR1 and FR2.
· Proposal 4: RAN4 defines the following RSTD measurement accuracy requirements:

· Intra-frequency measurement accuracy requirements, FR1 and FR2

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

· Proposal 5: Intra/inter-frequency RSTD measurement definitions are as in Table 1 and follow similar principles as intra/inter-frequency CSI-RS based measurement definitions, earlier agreed by RAN4. 

Table 1: Intra-/inter-frequency RSTD measurements and need for gaps
	
	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 or SSB) configured for a measurement on the serving cell, and 

· the SCS of the active BWP in the serving cell and of the RSTD measurement 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.


2.3 Need for Gaps for RSTD
In RAN4#92-bis, the following was agreed:

RAN4 needs further investigation whether new gaps are needed or existing gaps are sufficient.
In RAN4#93 in [1], the following was agreed:

· 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

The following is proposed with respect to measurement gaps.
· Proposal 6: At least 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 7: The need for gaps is according to Table 1 above.
2.4 Reporting Criteria for RSTD

In [1], the following was agreed on RSTD reporting criteria:

· Need to check RAN2 signaling and configuration to conclude Ecat
Related RAN1#99 agreements:

UE can be configured for DL PRS processing according to the following table:
	Description
	Maximum numbers for DL PRS resources
	Values that can be signaled as part of UE Capability 

	Max number of frequency layers (X1)


	X1=4


	Values = {1,4}

FFS: other values 

	Max number of TRPs per frequency layer (X2)
	X2=64
	

	Max number of PRS resource sets per TRP (X3) per frequency layer
	X3=2


	Values = {1,2}

	Max number of Resources per PRS resource set (X4)
	X4=64


	FFS: values

	Max number of DL PRS Resources per UE (X5)
	NA
	FFS: values

	Max number of TRPs for all frequency layers (X6) per UE
	256
	FFS: values

	Max number of Resources per frequency layer (X7)
	NA


	FFS: values


Note: This does not constrain in any way how features and feature sets are defined. The values in the table above may or may not be signalled to be different for different features or feature sets.

According to the above RAN1 agreement, per frequency layer, a UE can be configured with up to min(X7, 64 TRPs(( 2 PRS resource sets ( TBD PRS resources) PRS resources.

For NR positioning, the following is therefore proposed:
· Proposal 8: Ecat=1 for intra-frequency RSTD measurements, 1 report capable of RSTD measurements and PRS-RSRP measurements (when configured together with the RSTD) on at least TBD PRS resources, per intra-frequency layer.
· Proposal 9: Ecat=1 for inter-frequency RSTD measurements, 1 report capable of RSTD measurements and PRS-RSRP measurements (when configured together with the RSTD) on at least TBD PRS resources, per inter-frequency layer.
2.5 RSTD Measurement Period

In [1], the following was agreed:

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

Hence, only non-DRX requirements are to be defined for RSTD.

Further, in addition to PRS periodicity, the UE ability to perform the measurement is also impacted by the availability of the configured PRS. The related RAN1#99 agreements are below.

Agreement:
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH
· Note: In a slot in which SS/PBCH is transmitted on some symbols, DL PRS can be transmitted on other symbols

· For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not mapped on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)

Agreement:
In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, at least in FR2, 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. Behaviour in FR1 is up to RAN4 to decide.

According to the above, the configured periodic PRS may not be transmitted if e.g. overlap with SSB symbols. To compensate for this, the measurement period may need to be extended, at least when there are many such dropped PRS occasions. When just a single PRS occasion is dropped, the UE may still be able to perform the measurement while making sure that the PRS resource is received at a different occasion which is available, given that during the same measurement period multiple PRS resources and TRPs are measured. Furthermore, RSTD measurement involves measurements on two links (PRS resources) and in the worst case some PRS may be not available on both of the links which may have different PRS resource periodicity.

The measurement period may need to be extended proportionally to max(T1_PRS*N1_PRS,T2_PRS*N2_PRS), where T1_PRS and T2_PRS are the PRS periodicity for the reference and neighbor TRPs, respectively, and N1_PRS and N2_PRS are the numbers of periodic occasions with dropped PRS in the reference and neighbor TRPs, respectively.
· Proposal 12: RSTD measurement period is extended, but not more than a certain maximum, to compensate for the number of PRS occasions not available at the UE over a certain time period due to their overlap with SSB symbols, at least when the number of the non-available PRS occasions is large (e.g., >X% of the needed samples) and the SSB symbols location is known to the UE.
· Proposal 13: When the measurement period is extended, the increase in the measurement period depends at least on the periodicity of the PRS resource which has non-available occasions and the number of such non-available PRS occasions, but may further depend on the measurement gap configuration, etc.
· The extension is proportional to max(T1_PRS*N1_PRS,T2_PRS*N2_PRS), where T1_PRS and T2_PRS are the PRS periodicity for the reference and neighbor TRPs, respectively, and N1_PRS and N2_PRS are the numbers of periodic occasions with dropped PRS in the reference and neighbor TRPs, respectively.
· Proposal 14: If the number of PRS occasions not available at the UE exceeds an acceptable limit, the measurement can be dropped, i.e., no further extension of the measurement period is allowed.
2.6 RSTD Measurement under Cell Change
In [1], the following was agreed:

· The UE shall continue RSTD measurement after each serving cell change for:

· intra-frequency handover,
· inter-frequency handover,
· In this case the RSTD measurement period shall be extended. Details are FFS.
Based on the above agreements, the following details to the above agreements are further proposed:

· Proposal 10: The RSTD measurement under handover depends on the number of serving cell changes and on the handover interruption time.

· Proposal 11: Applicable accuracy requirements for RSTD measurements under cell change:

· For intra-frequency HO, intra-frequency accuracy applies;

· For inter-frequency HO, 

· When the measured inter-frequency becomes a serving carrier frequency: inter-frequency accuracy applies, 

· When the measured inter-frequency remains inter-frequency: inter-frequency accuracy applies, 

· When the measured intra-frequency becomes inter-frequency: inter-frequency accuracy applies. 
3 Summary

The following have been proposed in this contribution:
· Proposal 1: RSTD side conditions for the reference cell in FR1: -6 dB.
· Proposal 2: RSTD side conditions for neighbour and reference cell in FR2: same as for FR1.

· Proposal 3: RAN4 defines the following RSTD measurement requirements:

· Intra-frequency measurement requirements, FR1 and FR2,

· Inter-frequency measurement requirements, FR1 and FR2.
· Proposal 4: RAN4 defines the following RSTD measurement accuracy requirements:

· Intra-frequency measurement accuracy requirements, FR1 and FR2

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

· Proposal 5: Intra/inter-frequency RSTD measurement definitions are as in Table 1 and follow similar principles as intra/inter-frequency CSI-RS based measurement definitions, earlier agreed by RAN4. 

Table 1: Intra-/inter-frequency RSTD measurements and need for gaps
	
	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 or SSB) configured for a measurement on the serving cell, and 

· the SCS of the active BWP in the serving cell and of the RSTD measurement 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: At least 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 7: The need for gaps is according to Table 1 above.
· Proposal 8: Ecat=1 for intra-frequency RSTD measurements, 1 report capable of RSTD measurements and PRS-RSRP measurements (when configured together with the RSTD) on at least TBD PRS resources, per intra-frequency layer.
· Proposal 9: Ecat=1 for inter-frequency RSTD measurements, 1 report capable of RSTD measurements and PRS-RSRP measurements (when configured together with the RSTD) on at least TBD PRS resources, per inter-frequency layer.
· Proposal 10: The RSTD measurement under handover depends on the number of serving cell changes and on the handover interruption time.

· Proposal 11: Applicable accuracy requirements for RSTD measurements under cell change:

· For intra-frequency HO, intra-frequency accuracy applies;

· For inter-frequency HO, 

· When the measured inter-frequency becomes a serving carrier frequency: inter-frequency accuracy applies, 

· When the measured inter-frequency remains inter-frequency: inter-frequency accuracy applies, 

· When the measured intra-frequency becomes inter-frequency: inter-frequency accuracy applies. 

· Proposal 12: RSTD measurement period is extended, but not more than a certain maximum, to compensate for the number of PRS occasions not available at the UE over a certain time period due to their overlap with SSB symbols, at least when the number of the non-available PRS occasions is large (e.g., >X% of the needed samples) and the SSB symbols location is known to the UE.
· Proposal 13: When the measurement period is extended, the increase in the measurement period depends at least on the periodicity of the PRS resource which has non-available occasions and the number of such non-available PRS occasions, but may further depend on the measurement gap configuration, etc.
· The extension is proportional to max(T1_PRS*N1_PRS,T2_PRS*N2_PRS), where T1_PRS and T2_PRS are the PRS periodicity for the reference and neighbor TRPs, respectively, and N1_PRS and N2_PRS are the numbers of periodic occasions with dropped PRS in the reference and neighbor TRPs, respectively.
· Proposal 14: If the number of PRS occasions not available at the UE exceeds an acceptable limit, the measurement can be dropped, i.e., no further extension of the measurement period is allowed.
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