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Introduction
RAN4#108bis requirements for RedCap positioning. Agreements and the way forwards identified in the last meeting are captured in the WF document [1]. In this contribution we present our view on the remaining issues related to RedCap positioning.

Discussion
In the last meeting, following agreements were reached on core requirement for measurements with FH:
TEG for PRS measurements with FH
Agreements:
Rx, Tx and RxTx TEG for UE positioning measurements with FH are supported in RAN4 requirements. It is RAN4 understanding that the existing TEG capabilities are also applicable for RedCap.

Number of samples for defining PRS measurement requirements with FH
Agreements:
Reduced number of samples is supported for positioning measurements with FH. Nsample = [2].

PRS measurement period requirements with FH
Agreements:
Existing UE positioning measurement period can be reused as baseline for the corresponding UE positioning measurement period with FH. Some modification is expected to account for frequency hopping e.g. Lprs, measured PRS BW etc.

In the last meeting reduced number of samples for positioning measurements with FH was discussed. When a UE is configured to perform FH to receive DL PRS resources for positioning measurement, UE performs hopping as shown in the example schematic in Figure 1. After completion of DL PRS reception in a hop, UE retunes its RF to receive DL PRS in another hop without switching its active BWP. Since there is no active BWP switching between hops, UE is expected to receive PRS resources that are outside of its configured active BWP. Within this framework, conditions for Nsample = 1 cannot be met and therefore for FH case, it needs to be clarified that reduced number of samples for positioning measurement is only supported for Nsample = 2.
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[bookmark: _Ref138066085]Figure 1. Rx FH for DL PRS reception.

Proposal 1: When UE is configured to perform positioning measurements with FH then Nsample = 2 is considered in measurement period requirement for reduced number of sample case.

When UE performs FH to receive a wide band PRS (wider than its RF bandwidth), UE will be able to measure only a part of the resource in each hop. After all hops are received by the UE, a single measurement is then performed by the UE by exploiting the parts of PRS resource received in multiple hops. To support this framework, the following UE capabilities are being defined/discussed by/in RAN1:
· Maximum DL PRS bandwidth across all hops,
· Maximum DL PRS bandwidth per hop,
· Maximum number of hops,
· RF Rx retuning time between consecutive hops, and
· Overlapping PRB(s) between hops. 
Duration of the PRS resource a UE can measure in each hop, number of hops performed by UE, and the retuning time to adjust RF between consecutive hops has an impact on the measurement period requirement. These have an impact on the calculation of time duration of available PRS to be measured by the UE across all hops, denoted by Lavailable in the existing measurement period requirements. Since it has already been agreed to make reuse of rel. 17 requirements as baseline to define core requirements for PRS measurement with FH, RAN4 should now identify the required update to Lavailable parameter. In our view, for the FH case, Lavailable calculation can take the form:
Lavailable= Lavailable per hop × Nhops + RFretuning time × (Nhops -1),
where
· Lavailable per hop is the time duration of PRS resource UE can measure in each hop and depends on the UE capability,
· RFretuning time is the RF retuning time based on UE reported capability,
· Nhops is calculated based on the DL PRS bandwidth UE can measure across all hops, PRS bandwidth UE can measure per hop and overlapping between hops supported by the UE.  Nhops = . BWTotal is the DL PRS bandwidth across all hops. BWper hop is the DL PRS BW UE can measurement in each hop. And PRBoverlapping is the number of overlapping PRBs between hops.

Proposal 2: Lavailable for PRS measurement period requirement with FH is calculated as:
Lavailable= Lavailable per hop × Nhops + RFretuning time × (Nhops -1),
where
· Lavailable per hop is the time duration of PRS resource UE can measure in each hop and depends on the UE capability,
· RFretuning time is the RF retuning time based on UE reported capability,
· Nhops is calculated based on the DL PRS bandwidth UE can measure across all hops, PRS bandwidth UE can measure per hop and overlapping between hops supported by the UE.  Nhops = . BWTotal is the DL PRS bandwidth across all hops. BWper hop is the DL PRS BW UE can measurement in each hop. And PRBoverlapping is the number of overlapping PRBs between hops.

UE feature list after RAN1#114bis considers the following UE capabilities for PRS measurement with FH [2]:
· No overlap, in terms of PRBs, between adjacent hops,
· 1 PRB overlap between adjacent hops,
· 2 PRBs overlap between adjacent hops, and
· 4 PRBs overlap between adjacent hops
The overlapping, in terms of PRBs, between adjacent hops is needed to allow UE to compensate for the phase inconsistency between the parts of PRS resource measured by UE in different hops. Without such compensations a decent PRS measurement accuracy cannot be guaranteed. It is therefore our proposal to not define requirements for the case when overlapping between adjacent hops is not considered for PRS measurements.

Proposal 3: Do not define requirements for the case when overlapping between adjacent hops is not considered for PRS measurements.

In addition to these issues, RAN4 also need to finalize CSSF for RRC_CONNECTED mode. In our view, CSSF as defined in clause 9.1A.5.2 shall apply also for positioning measurements.

Proposal 4: CSSF as defined in clause 9.1A.5.2 shall apply for PRS measurement period requirements for RedCap UEs in RRC_CONNECTED state. 
Proposal 5: Update clause 9.1A.5.2 to be valid also for RedCap positioning.

Summary
In this contribution remaining issues related to RedCap positioning are discussed. The following proposals summarize the discussion presented in this paper.

# Number of samples in measurement period requirement for latency reduced positioning
Proposal 1: When UE is configured to perform positioning measurements with FH then Nsample = 2 is considered in measurement period requirement for reduced number of sample case.

# Measurement period requirement with FH
Proposal 2: Lavailable for PRS measurement period requirement with FH is calculated as:
Lavailable= Lavailable per hop × Nhops + RFretuning time × (Nhops -1),
where
· Lavailable per hop is the time duration of PRS resource UE can measure in each hop and depends on the UE capability,
· RFretuning time is the RF retuning time based on UE reported capability,
· Nhops is calculated based on the DL PRS bandwidth UE can measure across all hops, PRS bandwidth UE can measure per hop and overlapping between hops supported by the UE.  Nhops = . BWTotal is the DL PRS bandwidth across all hops. BWper hop is the DL PRS BW UE can measurement in each hop. And PRBoverlapping is the number of overlapping PRBs between hops.

Proposal 3: Do not define requirements for the case when overlapping between adjacent hops is not considered for PRS measurements.

Proposal 4: CSSF as defined in clause 9.1A.5.2 shall apply for PRS measurement period requirements for RedCap UEs in RRC_CONNECTED state.
 
Proposal 5: Update clause 9.1A.5.2 to be valid also for RedCap positioning.
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