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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#106 [2], PRS measurement requirements for 1Rx and 2Rx without frequency hopping are discussed as follows.
	Agreements:
· Reuse Rel. 17 core requirements to define core requirements for RedCap UE positioning in RRC_CONNECTED state for 2Rx RedCap UE for FDD/TDD without frequency hopping. FFS on RRC_INACTIVE state.
Agreements:
· RAN4 to evaluate whether it is feasible to reuse the existing PRS measurement periods in 38.133, Rel-17 for PRS measurements for 1Rx RedCap UE and the impact on side conditions and PRS measurement accuracies. 
· The evaluation is based on link level simulations.



In RAN4#106bis-e [3], general aspects/scenarios for RedCap positioning were discussed. 
	Issue 2-1-1: Applicable frequency range (FR)
Agreements:
· In general the PRS requirements for RedCap UE shall be defined for both FR1 and FR2:
· PRS requirements for 1Rx RedCap UE shall be defined only for FR1
Issue 2-1-2: Applicable RRC states:
Agreements:
· RedCap UE positioning without frequency hopping
· Define the requirements in RRC_CONNECTED and RRC_INACTIVE states.
· RedCap UE positioning with frequency hopping
· Define the requirements in RRC_CONNECTED state
· FFS for requirements in RRC_INACTIVE state.
· FFS whether to define requirements in RRC_IDLE state
Issue 2-1-3: Relation with Rel-16/Rel-17 positioning:
Agreements:
· PRS requirements without frequency hopping (FH):
· Option 1: HW, E///, QC, CATT, OPPO, Nokia
· PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.
· Option 2: MTK
· PRS requirements for 1Rx RedCap UE without FH shall be defined for all the Rel-16 positioning features/techniques.
· PRS requirements for 2 Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.
· PRS requirements with FH:
· The Rel-16/Rel-17 positioning features/techniques for which the PRS requirements for RedCap UE with FH will be defined can be decided on case-by-case basis and based on RAN1 agreements on the FH. Details are FFS.
· NOTE: 
· Rel-16 features/techniques refer to: measurement with gaps in RRC connected, 4-samples measurement in RRC connected.
· Rel-17 features/techniques refer to: measurement without gaps in RRC connected, measurement in RRC inactive, reduced-sample measurement in RRC connected/inactive, Tx/Rx timing mitigation with TEG in RRC connected/inactive, FR2 with reduced Rx beam sweeping factor in RRC connected/inactive.
Issue 2-1-4: Combination of Rel-18 positioning features:
Agreements:
· LPHAP enhancement shall be supported for RedCap accordance to the following agreement under the LPHAP thread, [106-bis-e][216] NR_pos_enh2_part3:
· “Define requirements for normal (non-RedCap) and RedCap type of devices”
· Combination of RedCap with any Rel-18 feature other than LPHAP is not supported.
Issue 2-1-5: Impact of Mobility procedures on PRS measurement requirements:
Agreements:
· RAN4 to identify impact on any RRM requirement due to PRS measurements for RedCap UE.




In RAN4#106bis-e [3], PRS measurements for RedCap without FH were discussed. 
	Issue 2-2-1: Side conditions for 2Rx without FH:
Agreements:
· The side conditions (PRS Es/Iot) defined in Rel-17 are reused for defining corresponding PRS requirements for 2Rx RedCap UE without FH.
Issue 2-2-2: Side conditions for 1Rx without FH:
Agreements:
· Side conditions for 1Rx without FH
· For AWGN channel, re-use the Rel-17 side conditions, and relax accuracy requirements
· The agreement applies for 4 measurement samples case. FFS if it applies for lower number of samples.
· FFS for fading channel
· Option 1: Reuse Rel-17 side conditions and relax accuracy requirements
· Option 2: Reuse approximately Rel-17 accuracy requirements and relax the side condition
Note: Updated simulation assumptions to address open issues are discussed under issue 2-2-8
Issue 2-2-3: PRS measurement requirements for 2Rx without FH:
Agreements:
· Existing PRS measurement period requirements in Rel-17 can be reused for defining corresponding PRS measurement period requirements for 2Rx RedCap UE without FH.
· Details related to e.g. CSSFPRS,i , Kcarrier_PRS, TEG etc., are FFS
Issue 2-2-4: PRS measurement requirements for 1Rx without FH:
Agreements:
· Existing PRS measurement period requirements in Rel-17 can be reused for defining corresponding PRS measurement period requirements for 1Rx RedCap UE without FH.
· Details related to e.g. CSSFPRS,i , Kcarrier_PRS, TEG etc., are FFS
Issue 2-2-5: PRS measurement accuracy for 2Rx without FH:
Agreements:
· PRS measurement accuracy to be addressed under performance part of the WI.
Issue 2-2-6: Collection of simulation results: without reduced number of samples for 1Rx without FH:
Agreements:
· Further simulation results based on the updated simulation assumptions (issue 2-2-8) are needed to draw conclusions.
Issue 2-2-7: PRS measurement accuracy: without reduced number of samples for 1Rx without FH:
Agreements:
· PRS measurement accuracy to be discussed and defined under performance part of the WI.
Issue 2-2-8: Updated simulation assumptions: with and without reduced number of samples for 1Rx without FH:
Agreements:
· Updated simulation assumptions to account for at least the open issues identified under issue 2-2-3 are approved in R4-2306350.
Issue 2-2-9: Updated simulation assumptions: with and without reduced number of samples for 1Rx without FH:
Agreements:
· PRS measurement accuracy to be discussed and defined under performance part of the WI.




RAN4#106bis-e [3] discussed RedCap positioning with FH. 
	Issue 2-3-1: When to start PRS measurements for RedCap with FH?
Agreements:
· RAN4 to start work on PRS requirements for RedCap with frequency hopping after RAN1 has made agreements on frequency hopping for RedCap.
Issue 2-3-2: PRS measurements for RedCap with FH with or without gaps?
Agreements:
· RAN4 work on hold based on agreement under issue 2-3-1.
Issue 2-3-3: Impact of timing error on PRS measurements for RedCap with FH:
Agreements:
· The impact (if any) of timing error between the hops on PRS requirements is discussed after the RAN1 agreements on FH and RF session agreements on the RF switching time for FH.
Issue 2-3-4: Impact of switching time between hops on PRS measurements for RedCap with FH:
Agreements:
· Impact (if any) of switching time between hops on PRS measurements for RedCap requirements is discussed after the RAN1 agreements on FH and RF session agreements on the RF switching time for FH.
Issue 2-3-5: Relation between FH and measurement gaps for PRS measurements for RedCap with FH:
Agreements:
· RAN4 to investigate suitable MG patterns and conditions related to frequency hopping (FH) for PRS measurements with gaps for RedCap with FH after the RAN1 agreements on FH.
Issue 2-3-6: RRM impact of UL SRS Tx hopping:
Agreements:
· RAN4 to investigate impact of SRS Tx hopping on PRS measurements with FH after the RAN1 agreements on FH.
Issue 2-3-7: Simulation assumptions for PRS measurements for RedCap with FH:
Agreements:
· Defer the agreement on simulation assumptions for PRS measurements for RedCap with FH until RAN1 has made agreements on FH.
Issue 2-3-8: UE capability related to FH:
Agreements:
· Wait for RAN1 agreements and input on the UE capability related to FH




This contribution investigates impacts to RRM core requirements for RedCap positioning.
Discussion
Impacts to RRM core requirements for RedCap positioning on DL and UL are discussed in this section.
General aspects/scenarios for RedCap positioning
Applicable RRC states 
We discuss the applicable RRC states of RedCap UE with frequency hopping. In general, positioning support for both RRC_INACTIVE and RRC_CONNECTED states should be enabled for RedCap UE’s with and without frequency hopping since the WID [1] does not mention the supported RRC states. Also, RedCap UE’s may stay longer in RRC_INACTIVE states compared to MBB UE’s. Therefore, requirements for PRS measurements in RRC_INACTIVE need also be specified. 
RAN4 to define the core requirements for positioning of RedCap UE with frequency hopping in INACTIVE state. 
Relation with Rel-16/Rel-17 positioning 
For PRS measurements without frequency hopping, both Rel-16 and Rel-17 positioning techniques should be considered as a baseline. If there is any technique not applicable to RedCap UE without FH, for example, due to UE capabilities, the applicability issue can be also identified later. Therefore, we support Option 1 to define PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques. 
We support Option 1 to define PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.
PRS measurements for RedCap without FH 
Side conditions for 1Rx without FH 
Side conditions for 1Rx without FH were discussed in RAN4#106bie-e. It is open to discuss how to define side conditions for 1Rx without FH in the case of a fading channel. Due to the performance degradation in a fading channel, the side conditions need to be relaxed to measure a sufficient number of cells. In this case, even though the side conditions are relaxed, the accuracy requirements need to be maintained in a similar level of Rel-17 accuracy requirements. However, Option 2 may need a heavy task involving simulations for side conditions and accuracy requirements. The definition of ‘approximately’ is also not very clear within the current statement. Hence Option 1 is more straightforward option than Option 2, considering simulation efforts. 
We support Option 1 to reuse Rel-17 side conditions and relax accuracy requirements. 
RRM Impact on RedCap UE with FH 
In RAN4#106bis-e [3], PRS measurements and RRM impact of UL SRS Tx hopping for RedCap with FH were discussed, and it is agreed to start the work on RedCap UE with FH after RAN1 has progress on FH agreements. Consequently, the impact of timing error, impact of switching time, MG patterns as a relation between FH and measurement gaps, impact of UL SRS Tx hopping, simulation assumptions, and UE capabilities can be discussed according to RAN1 agreements.
RAN4 will start a discussion after RAN1 design of PRS/SRS configurations with FH is finalized. 
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. RAN4 to define the core requirements for positioning of RedCap UE with frequency hopping in INACTIVE state. 
We support Option 1 to define PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.
We support Option 1 to reuse Rel-17 side conditions and relax accuracy requirements. 
RAN4 will start a discussion after RAN1 design of PRS/SRS configurations with FH is finalized. 
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Annex 
The agreements related to RedCap positioning in RAN1#112bis-e are captured below. 
	Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured (select one alternative):
· Alt 1: within one SRS for positioning resource
· Alt 2: across resources, within one SRS for positioning resource set
· Alt 3: across resource sets, with all resources in a set corresponding to the same hop sub-bandwidth

Conclusion
For the positioning of redcap UEs, for the DL PRS reception and UL SRS transmission, the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2.

Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.

Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together

Agreement
For UL SRS Tx hopping, the frequency hopping pattern is configured with overlapping or non-overlapping hops.
· FFS: exact patterns to be supported 
· FFS: whether the overlapping hops may or may not be adjacent in the time domain
· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.

Agreement
For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, study whether to support one or both of the following options, according to UE capabilities:
· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit FH SRS for positioning.
· FFS details of an UL time window
· Note: it implies that UE drops the transmission of other signals/channels and transmits SRS for positioning
· Option 2: additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels 
· FFS: details on the collision rules




