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Introduction
The specification of positioning for RedCap devices is one of the objectives in the Rel-18 WID on expanded and improved positioning [1]. 
The WID depicts the RAN4 work related to this accuracy improvement technology as replicated below:
	· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].



In RAN4#108bis [2], general aspects/scenarios for RedCap positioning were discussed. 
	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.



In RAN4#108bis [2], PRS measurements for RedCap without FH were discussed. 
	Issue 2-2-3: PRS measurement period requirements for 2Rx without FH
Agreements:
· Rel-16/17 measurement period requirement for positioning measurements also apply to 2Rx RedCap UE for the case when the UE is not configured to perform FH to receive DL PRS resources for positioning measurements.
Issue 2-2-4: PRS measurement period requirements for 1Rx without FH
Agreements:
· Rel-16/17 measurement period requirement for positioning measurements apply to 1Rx RedCap UE for the case when the UE is not configured to perform FH to receive DL PRS resources for positioning measurements. In this case the default value of NRxBeam,i = 1 in the core requirement formula.



In RAN4#108bis [2], PRS measurements for RedCap with FH were discussed. 
	Issue 2-3-3: Number of samples for defining PRS measurement requirements with FH
Agreements:
· Reduced number of samples is supported for positioning measurements with FH. Nsample = [2].
Issue 2-3-9: 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.



This contribution investigates impacts to RRM core requirements for RedCap positioning.
Discussion
The remaining issues and impacts to RRM core requirements for RedCap positioning on DL and UL are discussed in this section.
General aspects/scenarios for RedCap positioning
PRS measurements with FH without gaps
	· Proposals
· Option 1: OPPO 
· For RedCap UE with FH, whether to support gapless based PRS measurement is up to RAN1.  
· Option 2: Xiaomi
· RAN4 can FFS measurement without gap for RedCap UE’s positioning after RAN1’s design stable.


In RAN4#108bis, it was proposed to study PRS measurement without gap for RedCap positioning after RAN1’s design stable. For RedCap with FH, it is up to RAN1 whether PRS measurements of can be performed without gaps. 
For RedCap UE with FH, whether to support gapless based PRS measurement is up to RAN1.  

PRS measurements for RedCap without FH 
CSSF for PRS measurement requirements in RRC connected state without FH
	· Proposals
· Option 1: QC, HW, OPPO
· As baseline, re-use CSSF definition for non-RedCap UE in clause 9.1.5.2.2 to include the impact of PRS measurement in CSSF definition for RedCap UE in clause 9.1A.5.2.


Carrier-specific scaling factor (CSSF) values are used to scale the measurement delay requirements. To define CSSF for PRS measurement, Clause 9.1A.5.2 can be updated to include the impact of the positioning measurement. The value of CSSFPRS,RedCap,i is the carrier-specific scaling factor for NR PRS-based positioning measurements in positioning frequency layer i. Therefore, CSSF definition for non-RedCap UE in clause 9.1.5.2.2 will be reused to include the impact of PRS measurement in CSSF definition for RedCap UE in clause 9.1A.5.2.
RAN4 to reuse CSSF definition for non-RedCap UE in clause 9.1.5.2.2 to include the impact of PRS measurement in CSSF definition for RedCap UE in clause 9.1A.5.2.

PRS measurement for RedCap with FH
Number of samples for defining PRS measurement requirements with FH
	· Proposals
· Option 1: E///, OPPO 
· For RedCap positioning with FH, requirements are only derived for Nsample = 2 for reduced number of samples case.
· Option 2: QC
· Do not define requirements for PRS measurements with FH with reduced number of samples.
· Option 3: Nokia
· Using 4 measurement samples should be the baseline to define the performance requirements. Single measurement sample still needs further investigation.  
· Option 4: Xiaomi
· Whether the requirements of measurement reporting for RedCap UE with Rx hopping in case of Nsamples >1 is shall be FFS.  
· For the requirements when the measurements based on multiple hopes within a gap, the case of are Nsamples >1 shall be considered.
· For the requirements when the measurements based on a single hop within a gap, the case of are Nsamples >1 shall NOT be considered.


In RAN4#108bis, it is agreed that the reduced number of samples is supported for positioning measurements with FH. It is still FFS whether the reduced number of samples Nsample can be 2. For this matter, RAN4 can define performance requirements for 4 measurement samples as baseline.
RAN4 to define performance requirements for 4 measurement samples as baseline and optionally consider the reduced number of samples Nsample = 2. 

Measurement sample definition under FH
	· Proposals
· Option 1: Xiaomi 
· The “measurement samples” used to define the measurement requirements in current spec [4] shall be revisited in case of UE reporting measurements over the hops within a gap. 


In RAN4#108bis, it was proposed to revisit the definition of “measurement samples” used for the measurement requirements in current spec when UE reports measurements over the hops within a gap. However, it is unclear whether the existing definition of measurement samples should be revisited for reporting measurements over the hops. 
RAN4 to reuse the existing definition of measurement samples for reporting measurements over the hops.

Number of Rx beam sweeps for defining PRS measurement requirements with FH
	· Proposals
· Option 1: QC
· The Rx beam sweeping factor (NRxBeam) definition in Rel-17 is reused for PRS measurements with FH.
· Option 2: OPPO
· For RedCap positioning, the reduced Rx beam sweeping factor N_RxBeam in FR2 is determined by UE capability supportedLowerRxBeamSweepingFactor-FR2.


In RAN4#108, the relation with Rel-16/Rel-17 positioning for PRS measurements with FH was discussed. Then, it is agreed that all Rel-16 features are supported for RedCap positioning measurement with FH. In addition, the reduced number of samples with gaps and the reduced Rx beam sweeping factor with gaps, respectively, are supported for RedCap positioning measurement with FH. 
Regarding the number of Rx beam sweeps for defining PRS measurement requirements with FH, the Rx beam sweeping factor (NRxBeam) definition in Rel-17 can be reused for PRS measurements with FH.
Rx beam sweeping factor definition in Rel-17 is reused for PRS measurements with FH.

PRS measurement requirements with FH
	· Proposals
· Option 1: Intel
· A single set of measurement requirements is specified in RAN4 which apply to both single and multiple hop measurement for positioning purpose.
· Option 2: CATT
· Measurement requirements for the single measurement based on multiple hops shall be prioritized.
· Option 3: HW
· RAN4 to define requirements at least for Case 1, FFS whether and how to define requirements for Case 2 or combined Case 1 and Case 2 depending on RAN1 conclusion on the condition and UE behaviour for Case 2.
· Case 1: UE reports measurement based on multiple hops
· Case 2: UE reports measurement associated to a single hop
· Option 4: Qualcomm
· Define the PRS measurement period requirement with Rx frequency hopping by reusing the measurement period formula from Rel-16/17 together with a new requirement for the minimum PRS BW expected to be measured by the UE.


For PRS measurement requirement with FH, there are potential reporting requirements. In particular, UE can report measurement based on multiple hops. It is also possible that UE reports measurement associated to a single hop. To enhance the accuracy of RedCap positioning, it is beneficial to use a wide bandwidth for measurement from multiple hops. For example, UE may need to successfully measure at least a certain number of hops to report the measurements of multiple hops with FH. In doing so, UE can be configured with a threshold, e.g., the number of successfully measured hops. After the measurements of multiple hops, UE will need to report the measurement. In a reporting perspective, UE should be able to report the measurements based on either multiple hops or a single hop. 
RAN4 to define PRS measurement period requirements for single and multiple hop measurements, respectively. 

PRS BW in gap for PRS measurements with FH
	· Proposals
· Option 1: QC
· The minimum PRS BW expected to be measured is given by

where
·  is the configured PRS BW
·  is the BW per hop signaled in the UE capability
·  is the minimum hop overlap signaled in the UE capability
·  if  or , otherwise 
·  is the number of PRS inter-slot repetitions within a single MG instance, excluding the gap retuning times
·  is the stride of PRS inter-slot repetitions
·  is the number of frequency hops per slot as a function of number of PRS symbols, PRS comb size, and retuning time between hops
· Option 2: HW
· For Case 1, RAN4 to define the overall BW with FH 

where 
·  is the configured PRS BW and subject to UE capability 
·  is number of hops within a single MG occasion
·  is the supported BW per hop which is UE capability 
·  is the BW of the overlapping RB 
· Option 3: CATT
· The effective BW in gap for PRS measurements for RedCap with FH can be derived by the equation: 



In RedCap positioning, FH enables UE to receive the PRS in a wide bandwidth by combining multiple hops. In this case, the total bandwidth can be defined as the requirements when UE performs FH with multiple hops. Then, UE will measure at least the defined BW for positioning with FH. 
RAN4 to define the BW with FH as follows:
,
where 
·  is the configured PRS BW,
·  is the number of hops within a single MG instance,
·  is the BW per hop depending on UE capabilities, and
·  is the BW of all overlapped RBs.


UE capability with enlarged soft buffer to support PRS Rx hopping
	· Proposals
· Option 1: Intel, Xiaomi
· In order to support RX hoping PRS in Redcap UE, the additional UE capability with enlarged soft buffer size shall be considered.


In RAN4#108bis, it was proposed to discuss that the additional UE capability with enlarged soft buffer size shall be considered to support Rx frequency hopping for PRS measurement in RedCap positioning. 
The issues on soft buffer size for combining multiple hops of RedCap UE is not within the scope of RAN4 discussion. 

Applicability condition for PRS measurement requirements with FH
	· Proposals
· Option 1: QC
· Requirements for PRS measurements with FH are applicable subject to explicit request by the LMF to perform measurements with FH.


In RAN4#108bis, it was proposed to discuss the applicability condition for PRS measurement requirements with FH. The requirements for PRS measurement with FH should be always applicable when FH is configured by network. Such a procedure is covered by the existing requirements and current spec. Therefore, RAN4 does not need to define any requirements for explicit request by LMF to perform measurements with FH. 
RAN4 should not define any requirement for an explicit request by LMF to perform measurements with FH. 

Conclusion
The scope of RRM impacts for RedCap positioning as part of the Rel-18 WI on Expanded and Improved NR positioning is investigated in this contribution.
The following proposals are made.	
1. For RedCap UE with FH, whether to support gapless based PRS measurement is up to RAN1.  
1. RAN4 to reuse CSSF definition for non-RedCap UE in clause 9.1.5.2.2 to include the impact of PRS measurement in CSSF definition for RedCap UE in clause 9.1A.5.2.
1. RAN4 to define performance requirements for 4 measurement samples as baseline and optionally consider the reduced number of samples Nsample = 2. 
1. RAN4 to reuse the existing definition of measurement samples for reporting measurements over the hops.
1. Rx beam sweeping factor definition in Rel-17 is reused for PRS measurements with FH.
1. RAN4 to define PRS measurement period requirements for single and multiple hop measurements, respectively. 
RAN4 to define the BW with FH as follows:
,
where 
·  is the configured PRS BW,
·  is the number of hops within a single MG instance,
·  is the BW per hop depending on UE capabilities, and
·  is the BW of all overlapped RBs.
The issues on soft buffer size for combining multiple hops of RedCap UE is not within the scope of RAN4 discussion. 
RAN4 should not define any requirement for an explicit request by LMF to perform measurements with FH. 
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