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Introduction
RAN4#110 made some agreements to progress the work towards the completion of the performance part of the WI. The agreements made in the meeting are captured in [1]. In this contribution Ericsson’s view on the remaining issues that are related to the performance requirements for RedCap positioning are discussed.

Discussion
Performance requirements for 1Rx UE with Rx FH
RAN4#110 reached to the following agreements on side conditions for positioning measurement by 1Rx RedCap UE [1]. 
Issue 5-1-1: Side conditions and channel models for RSTD and UE Rx-Tx measurements for 1Rx UE without Rx FH
Agreements
· The brackets in the side conditions for 1Rx without FH under fading propagation condition can be removed, i.e., the side conditions should be:
· RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values of -6 dB for the reference cell and -10 dB for the target cell and is based on 4 samples.
· UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values of -3 dB and -10 dB and is based on 4 samples.

Issue 5-1-2: Side conditions and channel models for RSRP measurements for 1Rx UE without Rx FH
Agreements
· PRS-RSRP accuracy requirements for 1 Rx RedCap UE without Rx FH:
· Side conditions: -3 dB, -10 dB.
· 4 samples.
· Generic requirements, not limited to specific propagation conditions.

Issue 5-1-3: Side conditions and channel models for RSRPP measurements for 1Rx UE without Rx FH
Agreements
· PRS-RSRPP accuracy requirements for 1 Rx RedCap UE without Rx FH:
· Side conditions: -3 dB, -10 dB,
· 2-tap channel model from Rel-17 with Nsamples = 4.

The agreements above apply to positioning measurements based on 4-sample only. The side conditions for reduced sample-based positioning measurement are yet to be concluded by RAN4. In our view RAN4 should define accuracy requirements for reduced sample measurement similar to how it was defined in Rel. 17, i.e., accuracy requirement for positioning measurement based on reduced number of samples is defined only for AWGN channel model. Since it has already been agreed to re-use Rel. 17 side conditions for accuracy requirements under AWGN propagation condition, the following proposal are made to conclude the discussion on side-conditions for positioning measurements performed by 1Rx RedCap UE without Rx FH. Based on the agreements reached in RAN4#109, the accuracy requirements for the 1Rx RedCap UE with Rx FH are also defined for the same side condition.

Agreement from RAN4#107
· For AWGN channel
· Re-use the Rel-17 side conditions for both 1 and 4 measurement samples.
 
Agreement from RAN4#109
· The side conditions for positioning measurements without FH are reused for positioning measurements with FH.


Proposal 1: Reduced sample RSTD accuracy requirement for 1 Rx RedCap UE with and without Rx FH in FR1 is defined for the AWGN propagation condition only. The requirement is defined for the side condition -3 dB for reference cell and -6 dB for target cell.

Proposal 2: Reduced sample RSRP/UE Rx-Tx accuracy requirement for 1 Rx RedCap UE with and without Rx FH in FR1 is defined for the AWGN propagation condition only. The requirements are defined for 0 dB and -6 dB side conditions.

Proposal 3: Reduced sample PRS-RSRPP accuracy requirement for 1 Rx RedCap UE with and without Rx FH in FR1 is defined for the Two-Tap channel model only. The requirements are defined for 0 dB and -6 dB side conditions.

Performance requirements for 2Rx UE with Rx FH
The following agreements reached in previous meetings clarify the side conditions to be used to define the accuracy requirements for 2Rx RedCap UE with and without Rx FH.
 
Agreement from RAN4#106bis:
· The side conditions (PRS Es/Iot) defined in Rel-17 are reused for defining corresponding PRS requirements for 2Rx RedCap UE without FH.

Agreement from RAN4#109
· The side conditions for positioning measurements without FH are reused for positioning measurements with FH.

The issue that is remaining or at least requires some clarity is related to the performance requirements for 2Rx UEs when these UEs are configured by LMF to perform positioning measurements with reduced number of samples. To remove such ambiguities, we propose to use the approach similar to what has been adopted in Rel. 17 and has also been proposed in the section above for 1Rx UEs to define the accuracy requirements for the positioning measurements performed by the 2Rx RedCap UEs with reduced number of samples.

Proposal 4: Reduced sample RSTD/RSRP/UE Rx-Tx accuracy requirement for 2 Rx RedCap UE with and without Rx FH is only defined for the AWGN propagation condition. The requirement is defined for Rel. 17 side conditions.

Proposal 5: Reduced sample PRS-RSRPP accuracy requirement for 2 Rx RedCap UE with and without Rx FH is only defined for the Two-Tap channel model only. The requirement is defined for Rel. 17 side conditions.

Accuracy requirements for Rx FH and without Rx FH
In the last meeting accuracy requirements for Rx FH and without Rx FH were discussed. The agreement reached as a conclusion of the discussion held is copied below for reference.

Agreements from RAN4#110 [1]
· Accuracy requirements will be defined also for the case with FH.
· The BW set will be extended for the FH case in the accuracy requirements.
· FFS: whether the accuracy requirements are the same or different for the cases with and without FH.

When UE is not configured to perform Rx FH for positioning measurements the maximum PRS BW UE can measure is limited to 20 MHz in FR1 and 100 MHz in FR2. Whereas when UE is configured to perform Rx FH for positioning measurements, depending on the UE capability, the maximum PRS BW UE can measure can be up to 100 MHz in FR1 and 400 MHz in FR2 [1]. This can also be observed in the first bullet of the agreement above that was reached in the last meeting. In this regard defining a general accuracy requirement for RedCap positioning that is valid regardless of the case where UE is configured to perform Rx FH or not is not a feasible approach and should be avoided by RAN4 while defining the performance requirements for RedCap positioning. It is, however, our observation and understanding that for the case where UE is configured to perform Rx FH and the total bandwidth UE measures after all hops is within the BW configuration supported for no Rx FH case, a single accuracy requirement for such cases may be feasible and can be defined. For example, if UE can measure 20 MHz PRS after all hops then the accuracy requirements for Rx FH case and no Rx FH case for 20 MHz PRS BW can be same.
 
Proposal 6: Accuracy requirements are different for the cases with and without Rx FH for the scenario where the total PRS BW after all hops is larger than the PRS BW without Rx FH.

Proposal 7: Accuracy requirements can be same for the cases with and without Rx FH for the scenario where the total PRS BW after all hops is equal to the PRS BW without Rx FH.

Test cases
Positioning measurement requirements for RedCap UEs are defined for the cases where the UE is capable of performing positioning measurements with FH and without FH. Measurement delay in both cases is different where the RF tuning time has no impact on the measurement delay defined for the case where UE does not perform Rx FH for PRS reception, but the RF retuning time has an impact on the measurement delay that has been defined for the case where the UE performs Rx FH for PRS reception for positioning measurements. The test cases for measurement delay requirements therefore needs to be defined for both without FH and with FH cases. For the without FH case, test cases defined in Rel. 17 can be reused. It shall be further noted that the measurement delay requirement for UEs with 2Rx and 1Rx capability are same and therefore there is no need to define sperate test cases for 2Rx and 1Rx RedCap UEs for positioning measurement delay validation purposes. 
When it comes to defining the test cases for performance requirement validation, it shall be noted that the accuracy requirements for 2Rx and 1Rx RedCap UEs are defined for different side conditions and therefore test cases for both cases, without FH and with FH, need to be defined. Similar to measurement delay test cases, accuracy test cases in Rel. 17 can be reused to define accuracy test cases for 2Rx RedCap UE for the without FH case. 
Proposal 8: Test cases for measurement delay requirements needs to be defined for both without FH and with FH cases. Rel. 17 test cases are reused to define measurement delay test cases for without FH case.

Proposal 9: Test cases for measurement accuracy requirements need to be defined for both without FH and with FH cases. Rel. 17 accuracy test cases are reused to define accuracy test case for 2Rx RedCap UE for the without FH case.

Summary
In this contribution remaining issues related to performance requirements for RedCap positioning are discussed. The proposals below summarise the discussion presented in this paper.

Proposal 1: Reduced sample RSTD accuracy requirement for 1 Rx RedCap UE with and without Rx FH in FR1 is defined for the AWGN propagation condition only. The requirement is defined for the side condition -3 dB for reference cell and -6 dB for target cell.

Proposal 2: Reduced sample RSRP/UE Rx-Tx accuracy requirement for 1 Rx RedCap UE with and without Rx FH in FR1 is defined for the AWGN propagation condition only. The requirements are defined for 0 dB and -6 dB side conditions.

Proposal 3: Reduced sample PRS-RSRPP accuracy requirement for 1 Rx RedCap UE with and without Rx FH in FR1 is defined for the Two-Tap channel model only. The requirements are defined for 0 dB and -6 dB side conditions.

Proposal 4: Reduced sample RSTD/RSRP/UE Rx-Tx accuracy requirement for 2 Rx RedCap UE with and without Rx FH is only defined for the AWGN propagation condition. The requirement is defined for Rel. 17 side conditions.

Proposal 5: Reduced sample PRS-RSRPP accuracy requirement for 2 Rx RedCap UE with and without Rx FH is only defined for the Two-Tap channel model only. The requirement is defined for Rel. 17 side conditions.

Proposal 6: Accuracy requirements are different for the cases with and without Rx FH for the scenario where the total PRS BW after all hops is larger than the PRS BW without Rx FH.

Proposal 7: Accuracy requirements can be same for the cases with and without Rx FH for the scenario where the total PRS BW after all hops is equal to the PRS BW without Rx FH.

Proposal 8: Test cases for measurement delay requirements needs to be defined for both without FH and with FH cases. Rel. 17 test cases are reused to define measurement delay test cases for without FH case.
Proposal 9: Test cases for measurement accuracy requirements need to be defined for both without FH and with FH cases. Rel. 17 accuracy test cases are reused to define accuracy test case for 2Rx RedCap UE for the without FH case.
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