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

· PRS-RSRP measurement period:
· When configured with UE Rx-Tx time difference, PRS-RSRP measurement period requirements can be same as that of UE Rx-Tx time difference measurement
· When configured with PRS-RSTD, PRS-RSRP measurement period requirements can be same as that of RSTD measurement
· When not configured with either UE Rx-Tx or RSTD, measurement period requirements of RSTD can be reused for PRS-RSRP measurement.
· Note: The agreements above are valid for the case when the number of samples for PRS-RSRP measurements Nsample = [4]. Agreement can be revisited if more samples are needed for PRS-RSRP measurements. 
· PRS-RSRP at cell change:
· When configured together with UE Rx-Tx, the UE behavior rules for PRS-RSRP are the same as for these for UE Rx-Tx (agreed in [R4-1915854])
· When configured together with RSTD, the UE behavior rules for PRS-RSPR measurement under cell change are the same as for RSTD (the rules for RSTD were agreed in [R4-1915854]):
· The UE shall continue RSTD measurement after each serving cell change for:
· intra-frequency handover,
· inter-frequency handover.
· When not configured together with either UE Rx-Tx or RSTD, the UE behavior rules for PRS-RSPR measurement under cell change are the same as for RSTD (the rules for RSTD were agreed in [R4-1915854]).
Open issues from RAN4#96-e [1] for PRS-RSRP:

· For DL-AoD, the side condition of PRS RSRP can be specified
· Option 1:  Serving cell/TRP side conditions need to be specified (in addition to neighbour cells) as 
· Option 1-1: -6 dB 
· Option 1-2. -3 dB 
· Option 2: Reference cell/TRPs  side conditions need to be specified (in addition to neighbour cells)
· Same as that for the reference cell in PRS-RSTD
· Option 3 :for neighbor cell/TRPs ONLY. 
· Option 4: serving cell/TRP and reference cell/TRP need to be specified (in addition to neighbour cells) 
· Number of samples for PRS RSRP measurement accuracy: 

· FFS, consider that PRS occasion is not defined by RAN4

· Types of requirements
· Option 1: Define absolute accuracy requirements  ONLY

· Option 2: Define relative accuracy requirements  ONLY

· Option 3: Define both absolute  and relative accuracy requirements

In this contribution, we discuss further the open issues on PRS-RSRP measurement requirements.
2 PRS-RSRP Side Conditions

According to the agreement in [3]:

· for DL-OTDOA and multi-RTT positioning methods, the side condition of PRS RSRP should follow those of RSTD and UE Rx-Tx time difference measurement, respectively.

Further, in [4] it was agreed, regardless positioning method that for neighbor TRPs, the side conditions for PRS-RSRP accuracy requirements should be the same as those for RSTD requirements for neighbor cells; and for FR1, the side condition of -13 dB was agreed.
· Observation 1: For DL-AoD, no need to further discuss neighbor TRP side conditions for PRS-RSRP (it was earlier agreed that they are the same as for RSTD, e.g., in [2] or in [4]).

But it is still open whether PRS-RSRP side conditions for DL-AoD are specified for serving and/or reference TRPs.

· Proposal 1: For DL-AoD, serving cell/TRP side conditions are specified for PRS-RSRP.

· Serving TRP side condition is -3 dB.

Furthermore, the PRS-RSRP measurement can be configured together with RSTD or UE Rx-Tx. Therefore, the set of side conditions in PRS-RSRP requirements must contain also the side conditions for RSTD and the side conditions for UE Rx-Tx.
· Proposal 2: When configured with RSTD, the applicable side conditions for PRS-RSRP are the side conditions specified for RSTD.

· Proposal 3: When configured with UE Rx-Tx, the applicable side conditions for PRS-RSRP are the side conditions specified for UE Rx-Tx.
3 PRS-RSRP Measurement Period

The following measurement period was agreed for PRS-RSRP in RAN4#96-e:
[image: image2.png]Tons-nsw, ot = . Tons-sswei + (L — 1) * max(Tegree:)
4




where
[image: image3.png]LPRS:
Ters-rsrpi = | CSSFi * Npxgeam,i * Nsampte = 1 | * Tetfecti + Thast




[image: image5.png]


 = [image: image7.png]T
|+ Tuvasavte s,




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: image9.emf] PRS on f1).
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Figure 1b: L=2 with gap sharing, CSSF=2 ([image: image11.emf] PRS on f1, [image: image12.emf] PRS on f2).
· Observation 2: The measurement period requirement in TS 38.133 is not correct (as seen from Figure 1b).

· Proposal 4: 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:
TPRS-RSRP, Total = maxi (TPRS-RSRP,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: image14.emf] PRS on f1, [image: image15.emf] PRS on f2).
· Observation 3: The measurement period requirement in TS 38.133 for the sharing case is not relevant (unnecessarily too long) for the non-sharing case.

· Proposal 5: Measurement period for the non-sharing case shall be:

· TPRS-RSRP, Total = maxi (TPRS-RSRP,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 PRS-RSRP 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 6: When PRS-RSRP is configured together with RSTD/UE Rx-Tx and the required PRS-RSRP measurement period is shorter than that for RSTD/UE Rx-Tx (configured without PRS-RSRP), then the PRS-RSRP measurement continues over the entire RSTD/UE Rx-Tx 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 7: RAN4 decides among the following options for the dropped PRS (which are allowed according to RAN1):
· Option 1: UE extends the PRS-RSRP measurement period in a specified way, based on the number of dropped PRS.

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

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

· Observation 1: For DL-AoD, no need to further discuss neighbor TRP side conditions for PRS-RSRP (it was earlier agreed that they are the same as for RSTD, e.g., in [2] or in [4]).

· Proposal 1: For DL-AoD, serving cell/TRP side conditions are specified for PRS-RSRP.

· Serving TRP side condition is -3 dB.

· Proposal 2: When configured with RSTD, the applicable side conditions for PRS-RSRP are the side conditions specified for RSTD.

· Proposal 3: When configured with UE Rx-Tx, the applicable side conditions for PRS-RSRP are the side conditions specified for UE Rx-Tx.
· Observation 2: The measurement period requirement in TS 38.133 is not correct (as seen from Figure 1b).

· Proposal 4: 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:
TPRS-RSRP, Total = maxi (TPRS-RSRP,i).

· Observation 3: The measurement period requirement in TS 38.133 for the sharing case is not relevant (unnecessarily too long) for the non-sharing case.

· Proposal 5: Measurement period for the non-sharing case shall be:

TPRS-RSRP, Total = maxi (TPRS-RSRP,i).

· Proposal 6: When PRS-RSRP is configured together with RSTD/UE Rx-Tx and the required PRS-RSRP measurement period is shorter than that for RSTD/UE Rx-Tx (configured without PRS-RSRP), then the PRS-RSRP measurement continues over the entire RSTD/UE Rx-Tx measurement period.
· Proposal 7: RAN4 decides among the following options for the dropped PRS (which are allowed according to RAN1):

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

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

· Option 3: The PRS-RSRP requirements apply, regardless of how many PRS are dropped.
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