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Introduction
In RAN#98-e, the WID “New WID on Expanded and Improved NR Positioning” [1] was approved. 
One of objectives for the core part in RAN4 is to specify requirements for RedCap UE’s positioning measurements: 
	· 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].



And in last RAN4 meeting the further agreements were captured in [2].  In this contribution we will provide further considerations on RRM requirements for Rel18 positioning for ReCap UEs based on latest RAN1’s agreements [3].
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In the last RAN1 meeting[3], the following agreements were achieved.
	R1#114 Agreement
PRS Rx frequency hopping for RRC_INACTIVE state and for RRC_IDLE state is supported for a RedCap UE.



However, in the last RAN4 meeting,  the requirements for Redcap positioning with FH in of RRC_CONNECT was prioritized.
	R4#108 Agreements:
· RAN4 will prioritize defining Redcap positioning requirements with FH in RRC connected and then will define Redcap positioning requirements with FH in RRC inactive state and RRC idle state.
· 



In order to avoid any misalignments among RAN WGs, we would like to explicitly to agree the proposal below.
Proposal 1:  RAN4 can deprioritize to define the requirements for RedCap UE positioning in RRC_IDLE and RRC_INACTIVE state. If necessary, RAN4 can also send a LS to RAN1 to clarify this issue. 
Measurement reporting period requirements
In the previous RAN1 meeting, the measurement reporting scenario for RedCap UEs positioning was updated as [3]:
	<R1#113 Agreement>
The previous agreement is updated as follows:
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 a 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
From RAN1 perspective, for DL PRS Rx hopping, a single instance of a measurement gap is used for receiving all the hops for DL PRS with Rx frequency hopping.
· Note: this does not assume that the reported measurement has to be based on a single instance of a measurement gap
· Send an LS to RAN4 to confirm RAN1’s understanding, and if needed ensure that the measurement gap has the proper duration.



In our views, when the configured measurement gap can cover all hops by the full wide bandwidth, the measurement result over all hops can be combined and reported together. As a result, the better measurement performance can be achieved. In other words, the measurement result per hop can be coherently combined. Thus, the single measurement result based on full wide bandwidth has the better measurement accuracy theoretically. 
While if the UE is unable to measure all hops within a measurement gap, UE may not achieve the most optimized measurement results by combining. The lower measurement accuracy will be expected when reporting the measurement per hop within the narrow bandwidth.
Observation 1:  The different accuracy measurement requirements will be expected when UE reporting the single measurement result based on the multiple hops or single hop. 
Meanwhile, it needs also to clarify whether a UE which is able to support one measurement based on multiple hops needs to report the measurement results per hop beside that of based on all hops within a measurement gap. In our understanding this is up to the indication on the number of hops associated with the measurement reporting. UE only needs to report either of them up to this indication. As a result, from RAN4 perspective, the requirements for both of them shall be defined. 
Observation 2: The requirement for measurements based on both the multiple hopes and single hop within a gap are expected to be defined in RAN4. These two different types of requirements will be applied for UE upon the indication on the number of hops associated with the measurement reporting.
However, if these measurements per hops are performed within a measurement gap occasion, the soft combination among the different hops within a gap will not be mandatory from requirements perspective. In other words, as illustrated in Figure 1 below, we don’t believe the similar combination among the different measurement samples over the different gaps will be necessary as we did in Rel17. 


Figure 1: DL-PRS reception for RX frequency hopping
On the other hand, in TS38.133 [4] we usually define the measurement delay requirements based on either multiple measurement samples or single sample. Thus, if the measurements based on single hop needed to reported, RAN4 needs also to reconsider how to define the “measurement samples” which is used in the previous RRM requirements. 
Observation 3: There is some ambiguity on the “measurement samples” used to define the measurement requirements in current spec [4] when UE reporting measurements over the hops within a gap.
Proposal 2: 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. 
Therefore, we suggest that: 
Proposal 3:  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.

UE complexity
With Rx hopping, UE’s implementation will be impacted. For an example, as illustrated in the figure below the UE softbuffer may be enlarged. 


Figure 2: UE soft-buffer used for DL-PRS frequency hopping reception
Observation 4: UE soft buffer potentially needs to be enlarged to support PRS RX hopping. 
Proposal 4: In order to support RX hoping PRS in Redcap UE, the additional UE capability with enlarged soft buffer size shall be considered. 
MG based and gapless measurement
Measurement gaps based PRS hopping is discussed in RAN1#112[3]. 
	R1#112 Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap
· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG
· FFS: the use of a single or multiple instances of a MGs
· FFS: the use of PPW




Beside the gap based measurement, gapless measurements are also under RAN1’s discussion. For an example, how to define PPW especially considering the RX hopping. Thus, we can also start the detailed discussion when the physical layer design aspect (e.g. PRS transmission when frequency hopping) are clear enough in RAN1. 
Proposal 5: RAN4 can FFS measurement without gap for RedCap UE’s positioning after RAN1’s design stable.

Frequency hopping in UL
The hopping mechanism for UL SRS for positioning is discussed in the previous RAN1 meeting. And the following agreement was achieved.
	R1#112 Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources




From RRM perspective, the hopping configuration for SRS will impact on how to define UE Rx-Tx time difference requirements. For an instance, in case of hopping within a SRS resource there is ambuity on SRS Tx time because of SRS from a resource can be distributed within the hopping duration. 
Observation 5: The hopping configuration for SRS will impact on how to define UE Rx-Tx time difference requirements
More specifical, in the last RAN1 meeting, the following agreements were achieved [3].
	For response to RAN4 Reply LS on switching time for DL PRS or UL SRS frequency hopping for RedCap UEs in R1-2304316
R1#113 Agreement
Response to RAN4 on the need of additional switching time:
· It is RAN1’s view that for UL SRS for positioning Tx frequency hopping, switching time before the first hop and after the last hop need to be defined for the SRS for positioning with Tx frequency hopping. 
· RAN4 is kindly requested to evaluate the applicable switching time (if any) required ahead of the first hop and after the last hop, considering potential differences (in e.g. SCS, bandwidth, CP) between initial/active UL BWP and UL SRS for positioning Tx frequency hopping.

Agreement
The draft LS in R1-2306118 is endorsed. Final LS in R1-2306119.



Observation 6: The uncertainty of UL SRS transmission time will be larger than that of without FH. The total requirements for UE Rx-Tx time difference will be impacted.
Also, in RAN1’s agreement below [3], the collision between SRS hopped and other signals is under discussion. From RAN4 perspective, the impacts on RRM requirements themselves shall be studied also (e.g. scheduling restriction )
	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, support both of the following options 
· 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: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without UL time window (i.e. option 1)
· FFS: details on the collision rules
Note: it is understood that option 2 is a component of the feature for UL SRS Tx hopping (FG 41-5-2), and option 1 is a separate feature group.



Proposal 6: RAN4 can discuss UE Rx-Tx time difference requirements for Redcap UE with frequency hoping SRS upon RAN1’s conclusion, e.g.
· The legacy requirements on UE Rx-Tx time deference needs to be relaxed due to the additional switching time.
· Scheduling restriction because of the collision due to SRS TX hopped

More specifically, in the last RAN1 meeting, the following agreement was achieved.
	R1#114 Agreement
SRS for positioning with Tx hopping can be configured outside of the active UL BWP
· The configuration may include SCS, CP size and bandwidth (position and size), which can use a SCS, CP size and bandwidth different from the UL active BWP




In our views, the corresponding capability to support SRS transmission with different SCS, CP and BW as these of UL active BWP was required when UE performing UE Rx-Tx time difference measurement for Redcap UE. 
Observation 7: From UE behavior and RRM requirements itself, the measurement on the outside of UL active BWP with the different numerology as UL active BWP needs additional UE capability supported. 
Conclusion
This contribution makes further analysis on the RRM impacts on Rel18 Redcap UE positioning based on the latest RAN1 agreements. 
Requirements in RRC_IDLE and RRC_INACTIVE
Proposal 1:  RAN4 can deprioritize to define the requirements for RedCap UE positioning in RRC_IDLE and RRC_INACTIVE state. If necessary, RAN4 can also send a LS to RAN1 to clarify this issue.
Measurement reporting period requirements
Observation 1:  The different accuracy measurement requirements will be expected when UE reporting the single measurement result based on the multiple hops or single hop. 
Observation 2: The requirement for measurements based on both the multiple hopes and single hop within a gap are expected to be defined in RAN4. These two different types of requirements will be applied for UE upon the indication on the number of hops associated with the measurement reporting.
Observation 3: There is some ambiguity on the “measurement samples” used to define the measurement requirements in current spec [4] when UE reporting measurements over the hops within a gap.
Proposal 2: 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. 
Proposal 3:  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.
UE complexity impacts
Observation 4: UE soft buffer potentially needs to be enlarged to support PRS RX hopping. 
Proposal 4: In order to support RX hoping PRS in Redcap UE, the additional UE capability with enlarged soft buffer size shall be considered. 

PRS measurement requirements without frequency hopping
Proposal 5: RAN4 can FFS measurement without gap for RedCap UE’s positioning after RAN1’s design stable.

Frequency hopping in UL
Observation 5: The hopping configuration for SRS will impact on how to define UE Rx-Tx time difference requirements
Observation 6: The uncertainty of UL SRS transmission time will be larger than that of without FH. The total requirements for UE Rx-Tx time difference will be impacted.
Proposal 6: RAN4 can discuss UE Rx-Tx time difference requirements for Redcap UE with frequency hoping SRS upon RAN1’s conclusion, e.g.
· The legacy requirements on UE Rx-Tx time deference needs to be relaxed due to the additional switching time.
· Scheduling restriction because of the collision due to SRS TX hopped

Observation 7: From UE behavior and RRM requirements itself, the measurement on the outside of UL active BWP with the different numerology as UL active BWP needs additional UE capability supported. 
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