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Introduction
In RAN4#107 meeting, RAN4 has discussed general RRM impacts of the RedCap UE positioning with conclusions captured in [1]. RAN1#113 meeting also made some progress in RedCap UE positioning which is reproduced in Annex A [2]. In this paper, we will further discuss the potential RRM requirements for RedCap UE Positioning.
Discussion
General aspects/scenarios for RedCap positioning
In last meeting, some views regarding applicable RRC states for RedCap positioning with FH were proposed. They are copied here for convenience:
	Issue 2-1-2: Applicable RRC states for Redcap positioning with FH:
· Option 1: CATT, Nokia
· Define requirements for RedCap UE positioning with frequency hopping in RRC_CONNECTED and RRC_INACTIVE.
· Option 2: OPPO
· For RedCap UE with FH, prioritize RRM requirements in RRC connected state.
· Option 3: HW
· For RedCap UE positioning with FH, RAN4 to decide whether to define requirements for INACTIVE/IDLE after requirements for CONNECTED are stable.
· Option 4: QC
· FFS define requirements for RedCap positioning with frequency hopping in RRC_IDLE state.


In RAN4#106bis-e meeting, it was agreed that RRM requirements in RRC_CONNECTED and RRC_INACTIVE states will be defined for RedCap UE positioning without FH. We think the same conclusions should apply to RedCap UE with FH. Besides, RAN1 reached some agreements about applicable RRC states in RAN1#113 meeting shown below. 
	Agreement
SRS Tx Frequency hopping is supported for both RRC_CONNECTED and RRC_INACTIVE state.


Regarding the RRM requirements in RRC_IDLE state for RedCap UE positioning with FH, we think it can also be discussed in LPHAP part as agreed for FH-less case in RAN4#107 meeting.
Proposal 1: For RedCap UE with FH, define requirements for RRC_CONNECTED and RRC_INACTIVE states. The requirements in RRC_IDLE state can be discussed in LPHAP part.
Issue 2-1-4: Relation with Rel-16/Rel-17 positioning for PRS measurements with FH: 
Since Rel-16 features are the basic features for NR positioning, we think all the Rel-16 features should be supported for RedCap UE with FH. 
Whether to support Rel-17 features requires case-by-case discussion. In RAN1#113 meeting, RAN1 made an agreement regarding the relation between measurement gap and hops shown below. Explicitly, measurement gaps are necessary to receive hops, and therefore measurement without gaps is not supported. As a method of latency reduction, reduced sample number can also be supported for RedCap UE with FH. Regarding TEG and reduced Rx beam sweeping factor in FR2, these two features were agreed to apply to RedCap UE without FH. We think this agreement also applies to FH case. But note that 1Rx RedCap UE is only supported in FR1; therefore reduced Rx beam sweeping factor applies only to 2Rx RedCap UE with FH.
	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.


Proposal 2: For RedCap UE with FH: 
· Support Rel-16 features and reduced sample number, TEG and FR2 reduced Rx beam sweeping factor Rel-17 features.
· Not support Rel-17 measurement without gap feature.
PRS measurements for RedCap without FH
	Issue 2-2-1: Side conditions for 1Rx without FH:
Agreements:
· For AWGN channel
· Re-use the Rel-17 side conditions for both 1 and 4 measurement samples
· For fading channel use two side conditions for the neighbor cell to define requirements
· Condition #1: -3 dB (for Rx-Tx and RSRP only)
· Condition #2:
· Option 1: -10 dB
· Option 2: -6 dB
· Note: Updated simulation assumptions in R4-2310075 to identify side conditions in fading.


In last meeting, it was agreed that Rel-17 side conditions for both 1 and 4 measurement samples are reused for AWGN channel, and two side conditions are provided for fading channel simulation with 4 samples. Based on the updated simulation assumptions [3], we provided some simulation results and conclusions [4]. According to the results, we confirmed that reusing the Rel-17 side conditions for AWGN channel can meet Rel-17 measurement accuracy requirements. For fading channel with 4 samples, using <-6,-10,-10> for RSTD and <-3,-10,-10> for RSRP/UE Rx-Tx time difference can also satisfy the Rel-17 measurement accuracy requirements.
Proposal 3: For 1Rx RedCap UE without FH with fading channel, use <-6,-10,-10> for RSTD and <-3,-10,-10> for RSRP/UE Rx-Tx time difference and reuse accuracy requirements for 4 samples.
PRS measurements for RedCap with FH
Issue 2-3-4: Effective BW in gap for PRS measurements for RedCap with FH
In RAN1#113 meeting, RAN1 agreed that one measurement gap is used to receive all hops for the RedCap UE with FH for DL PRS Rx hopping, based on which RAN4 can further discuss the effective BW in a gap for PRS measurements.
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	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.


The effective BW directly affects the measurement accuracy and is determined by the number of hops, BW occupied by each hop and the overlapping RBs between hops. There are two cases according to RAN1’s updated agreements on the FH-based measurement and reporting methods:
	Case1: A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning.
	Case2: One measurement where a measurement is associated with one received hop.
	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 measurement where 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


For Case1, the effective BW can be derived by the equation below assuming that the measured hops have the same BW and interval : 

where  is the number of RBs per hop, and  is the number of overlapping RBs between hops.
For Case2, the effective BW is equal to the BW occupied by the hop on which the measurement is performed. It can also be obtained by using the equation above with  and .
Proposal 4: The effective BW in gap for PRS measurements for RedCap with FH can be derived by the equation: 
Number of hops depends on two factors. One is the number of available PRS resource repetitions which is configured by network, and the other is RF switching time which is a UE capability and some agreements have been reached [5]. The discussion on methods to determine number of hops can base on these two factors. The number of overlapping RBs between hops needs discussing as well.
Proposal 5: RAN4 to discuss the details of patterns of overlapping RBs and number of hops based on available PRS resource repetitions and RF switching time.
Issue 2-3-5: PRS measurement period requirements for RedCap with FH
Regarding the measurement period requirements, we think the procedure for Case1 is similar to that for the case with PRS repetitions enabled. And the measurement period requirements for each hop in Case2 are the same as that for the case without frequency hopping. Hence, we suggest using Rel-17 measurement period requirements as a baseline for RedCap UE with FH.
Proposal 6: Use Rel-17 measurement period requirements as a baseline for RedCap UE with FH.
Conclusions
This paper discussed the general issues for RedCap UE positioning, and the following proposals are provided:
Proposal 1: For RedCap UE with FH, define requirements for RRC_CONNECTED and RRC_INACTIVE states. The requirements in RRC_IDLE state can be discussed in LPHAP part.
Proposal 2: For RedCap UE with FH: 
· Support Rel-16 features and reduced sample number, TEG and FR2 reduced Rx beam sweeping factor Rel-17 features.
· Not support Rel-17 measurement without gap feature.
Proposal 3: For 1Rx RedCap UE without FH with fading channel, use <-6,-10,-10> for RSTD and <-3,-10,-10> for RSRP/UE Rx-Tx time difference and reuse accuracy requirements for 4 samples.
Proposal 4: The effective BW in gap for PRS measurements for RedCap with FH can be derived by the equation: 
Proposal 5: RAN4 to discuss the details of patterns of overlapping RBs and number of hops based on available PRS resource repetitions and RF switching time.
Proposal 6: Use Rel-17 measurement period requirements as a baseline for RedCap UE with FH. 
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Annex A. RAN1 agreements on RedCap positioning
#RAN1#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 measurement where 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.

R1-2306226	[DRAFT] LS on the use of a single measurement gap for DL PRS with Rx hopping measurement	Moderator (Ericsson)
Agreement
The draft LS in R1-2306226 is endorsed with the following changes:
· In the Rel-18 WI Expanded and Improved NR Positioning, in the agenda item “Positioning for redcap UEs”, RAN1 agreed the use of a single instance of a measurement gap for receiving all the hops for DL PRS with Rx frequency hopping: 
· RAN1 respectfully asks RAN4
Final LS in R1-2306227.

Agreement
SRS Tx Frequency hopping is supported for both RRC_CONNECTED and RRC_INACTIVE state.

Agreement
For the SRS Tx hopping pattern configuration support at least the staircase pattern, including a wrapped staircase pattern.
· Support configuring the starting PRB of the first hop
· FFS: details of signalling of PRB overlap across consecutive hops and bandwidth of each hop


R1-2306115	Feature Lead summary #2 for Positioning for RedCap Ues	Moderator (Ericsson)
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.

R1-2306120	Summary of discussion on LS for DL PRS and UL SRS frequency hopping Switching time	Moderator (Ericsson)
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.

R1-2306118	Draft reply LS for DL PRS and UL SRS frequency hopping Switching time	Moderator (Ericsson)
R1-2306119	Reply LS for DL PRS and UL SRS frequency hopping Switching time	RAN1, Ericsson
Agreement
The draft LS in R1-2306118 is endorsed. Final LS in R1-2306119.
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