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1 Introduction
The RAN4#96-e agreements on RSTD measurements are summarized in the WF [1]. 
RAN4#96-e agreements [1] for RSTD:

· The exact measurement period for RSTD is captured in CR R4-2012129 or its further revision.
· If during the measurement period of one or more positioning frequency layers, MG pattern is reconfigured to enable UE to measure different DL PRS resources, the measurement period can be longer
· Measurement period requirements are defined independent of responseTime. RAN4 not to define any UE behaviour related to responseTime
Open issues from RAN4#96-e [1] for RSTD:

· Calculation of PRS sample duration
· Option 1: Based on the type (type 1 or type 2) as UE used to report {N,T} 
· Option 2: Based on Type 2. RSTD measurement period for Type 1 PRS duration calculation shall be no longer than Type 2.
· Other options are not precluded
· Multiple PRS periodicities
· Option 1: Use the maximum PRS resource periodicity among all PRS resource in a same positioning frequency layer 
· Option 2: Use the maximum PRS resource periodicity among all PRS resource among all configured PRS frequency layers.
· Measurement period extension due to SSB collision
· Option 1: RSTD measurement period to be defined for cases when PRS occasions are not dropped 
· Option 2: The RSTD measurement period can be extended to compensate for the number of PRS symbols not available at the UE due to their overlap with SSB symbols
· Option 3: The same measurement period requirement shall be met, regardless of whether some of the PRS symbols are dropped or not during this measurement period
· Measurement period when configured with PRS-RSRP
· Option 1: If RSTD is configured together with PRS-RSRP, then the measurement periods for both measurements are defined as: max(TRSTD,TPRS-RSRP), where TPRS-RSRP and TRSTD are the measurement periods for PRS-RSRP and RSTD, when configured without other measurements. 
· Option 2: RSTD measurement period is not impacted by PRS-RSRP measurement.
· Side condition for FR2
· Option 1: -3dB for reference TRP and -10 dB for neighbor TRP

· Option 2: -6dB for reference TRP and -13 dB for neighbor TRP

· Number of PRS samples or PRS repetitions for defining accuracy

· Option 1: Accuracy requirements are defined based on number of PRS samples, where each samples includes a number of PRS repetitions. Single PRS sample is assumed for accuracy requirements 
· Option 2: Accuracy requirements are defined based on the number of PRS comb patterns in time

· Other options are not precluded
· Whether accuracy requirements are agnostic to comb size

· clarify what “comb size” refers to

· Option 1: no
· Option 2: yes
· Antenna panel assumption
· Option 1: RAN4 specifies at least the RSTD accuracy requirements (+/-Y dB) under the assumption of using the same antenna panel for receiving both the reference and neighbor PRS resources. For different antenna panels within the same RSTD measurement, the RSTD accuracy can be specified as +/-Y+ ΔY dB, or there can be a note that the accuracy can be worse

· Option 2: RAN4 not to define separate accuracy requirements for RSTD measured with same panel and with different panels

· Applicable PRS BW for defining accuracy

· Option 1 : If reference and neighbor PRS resources belong to different positioning frequency layers, the minimum PRS BW of the positioning frequency layers should be used for applicability of accuracy requirements.

· Option 2: FFS
· Assumption on TRS setting for defining accuracy and test

· Option 1: add proper TRS settings in both RSTD accuracy requirements and test cases so that UE can compensate the crystal clock frequency offset by measuring TRS.

· Option 2: FFS for Performance part
· Applicable accuracy requirement in case of HO

· Option 1: Define applicable accuracy requirements for RSTD measurements under cell change, considering the cases of intra-frequency HO and inter-frequency HO, e.g. the most relaxed applies between the one before and the one after the HO.

· Option 2: Applicable accuracy requirements is not impacted by HO.

· Applicable propagation channel for accuracy requirement

· Option 1: Exclude number from simulations for TDL-C channel model with 300 ns delay spread in FR1 from consideration for defining the RSTD and UE Rx-Tx timing difference accuracy requirements.

· Option 2: Take into account number from simulations for TDL-C channel model with 300 ns delay spread in FR1 from consideration for defining the RSTD and UE Rx-Tx timing 
In this contribution, we discuss further the open issues on RSTD measurement requirements.
2 RSTD Side Conditions

The summary of the latest agreements on RSTD side conditions:
· Side conditions for FR1 PRS RSTD measurements

· Neighbor cells: PRS Es/Iot = [-13] dB (agreed in [2])
· Reference cell: PRS Es/Iot: -6 dB (agreed in [3])
· Side conditions for FR2 PRS RSTD measurements (see [3,4]):
· Option x: Same as FR1
· Option y: PRS Es/Iot = -3 dB for reference cell and PRS Es/Iot = -10 dB for neighbor cells

There is no strong justification to have more relaxed side conditions in FR2 than in FR1, given the NR scenarios in RAN1.

· Proposal 1: RSTD side conditions for neighbour and reference cell in FR2: same as for FR1.

3 RSTD Measurement Period

The following measurement period was agreed for RSTD in RAN4#96-e:
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The above measurement period was taken in RAN4#96-e, based on majority view, for the case when measurement gaps and processing time T have overlap between different frequency positioning frequency layers, and the UE is not able to simultaneously receive on multiple frequencies at the same time. The requirement for the case without the overlap was not agreed.
3.1 Overlapping (Shared Gap) Case

When a MG is shared among measurements on different frequencies, then the measurement period has to allow for sequential measurements (i.e., one frequency at a time). In NR, this is controlled by CSSF. For example:

· Figure 1a: CSSF=1 for a single frequency layer (L=1), 

· Figure 1b: CSSF=2 for two frequency layers (L=2) which are sharing the same gap.
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Figure 1a: CSSF=1, L=1 ([image: image8.emf] PRS on f1).
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Figure 1b: L=2 with gap sharing, CSSF=2 ([image: image10.emf] PRS on f1, [image: image11.emf] PRS on f2).
· Observation 1: The measurement period requirement in TS 38.133 is not correct (as seen from Figure 1b).

· Proposal 2: CSSF is the NR concept which is used for all types of measurements including RRM, scaling based on the number of frequency layers is the LTE concept. Hence, for the gap sharing case, CSSF shall be used in the requirements, but ( over frequency layers shall be replaced with the max operator:
TRSTD, Total = maxi (TRSTD,i).

3.2 Non-Overlapping (Non-Shared Gap) Case
When a MG is not shared with other measurements, CSSF=1, which is illustrated in Figure 2 for two frequencies (L=2). The figure also illustrates the current requirement (for the overlapping case) in 38.133, for comparison.
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Figure 2: L=2 without gap sharing, CSSF=1 ([image: image13.emf] PRS on f1, [image: image14.emf] PRS on f2).
· Observation 2: The measurement period requirement in TS 38.133 for the sharing case is not relevant (unnecessarily too long) for the non-sharing case.

· Proposal 3: Measurement period for the non-sharing case shall be:

· TRSTD, Total = maxi (TRSTD,i).

4 Measurement Period for RSTD with PRS-RSRP

RSTD measurement may or may not be configured together with PRS-RSRP. When the two measurements are configured together, it is reasonable to assume that the RSTD measurement and the other measurement are performed during the same measurement period. However, since both measurements are going to be used for positioning the UE, they both need to be reliable and accurate and meet the accuracy requirements. Therefore, the measurement period should be such as both accuracies can be met.

· Proposal 4: When RSTD is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for RSTD (configured without RSTD), then the RSTD measurement continues over the entire PRS-RSRP measurement period.
5 The Impact of Dropped PRS
According to the RAN1 LS, the configured periodic PRS may be repeatedly not transmitted in some cases, e.g., when overlapping with SSB symbols or PRS slot is configured as UL slot for this UE. The related RAN1#99 agreements are, e.g.:

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.

· Proposal 5: RAN4 decides among the following options for the dropped PRS (which are allowed according to RAN1):
· Option 1: UE extends the RSTD measurement period in a specified way, based on the number of dropped PRS.

· Option 2: UE is allowed to extend the RSTD measurement period (clarified in the requirements) if more than N PRS are dropped, but the exact value is not specified.

· Option 3: The RSTD requirements apply, regardless of how many PRS are dropped.
6 Summary

· Proposal 1: RSTD side conditions for neighbour and reference cell in FR2: same as for FR1.

· Observation 1: The measurement period requirement in TS 38.133 is not correct (as seen from Figure 1b).

· Proposal 2: CSSF is the NR concept which is used for all types of measurements including RRM, scaling based on the number of frequency layers is the LTE concept. Hence, for the gap sharing case, CSSF shall be used in the requirements, but ( over frequency layers shall be replaced with the max operator:
TRSTD, Total = maxi (TRSTD,i).

· Observation 2: The measurement period requirement in TS 38.133 for the sharing case is not relevant (unnecessarily too long) for the non-sharing case.

· Proposal 3: Measurement period for the non-sharing case shall be:

· TRSTD, Total = maxi (TRSTD,i).

· Proposal 4: When RSTD is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for RSTD (configured without RSTD), then the RSTD measurement continues over the entire PRS-RSRP measurement period.
· Proposal 5: RAN4 decides among the following options for the dropped PRS (which are allowed according to RAN1):

· Option 1: UE extends the RSTD measurement period in a specified way, based on the number of dropped PRS.

· Option 2: UE is allowed to extend the RSTD measurement period (clarified in the requirements) if more than N PRS are dropped, but the exact value is not specified.
· Option 3: The RSTD requirements apply, regardless of how many PRS are dropped.
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