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Introduction
RAN4 continued discussing requirements for RedCap positioning in RAN4#107. The latest agreements and open issues were captured in a WF [1].
In this paper we provide further views and proposals on general aspects and on requirements for measurements with and without frequency hopping.
Discussion
 General
In the previous meeting, RAN4 discussed which NR positioning features would be covered by the RedCap requirements to be defined in Rel-18. The agreement reached in RAN4#107 is shown below [1].
Issue 2-1-3: Relation with Rel-16/Rel-17 positioning for PRS measurements without FH
Agreements:
· PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.

According to the above agreement, all the Rel-16/17 NR positioning features will be covered in the newly defined requirements for RedCap positioning measurements without FH. As customary, applicability of the new requirements for RedCap should be subject to support of the corresponding UE capabilities. If a particular capability cannot be supported due to inherent limitations of a certain device type, then applicability of the new requirements to that device type can be ruled out.
In our view, UE capability measureSameDL-PRS-ResourceWithDifferentRxTEGsSimul-r17 is not applicable to RedCap devices featuring a single Rx chain.
	measureSameDL-PRS-ResourceWithDifferentRxTEGsSimul
Indicates the maximum number of UE Rx TEGs for measuring the same DL-PRS Resource simultaneously. This field is applicable for UE assisted DL-TDOA and Multi-RTT positioning. The UE can include this field only if the UE supports measureSameDL-PRS-ResourceWithDifferentRxTEGs. Otherwise, the UE does not include this field.


Observation 1:  UE capability measureSameDL-PRS-ResourceWithDifferentRxTEGsSimul-r17 is not applicable to 1Rx RedCap devices.
Regarding requirements for measurements with frequency hopping, our assumption is that the Rel-16 feature set would be the baseline. RAN4 can further discuss which Rel-17 features can be considered as RAN1 and RAN4 make more progress.
Proposal 1: PRS requirements for both 1Rx and 2Rx RedCap UE with FH will be defined for all the Rel-16 positioning features. FFS which Rel-17 positioning features will be covered by the requirements with FH.
 Requirements with frequency hopping
RAN1 reached further agreements on RedCap positioning measurements with frequency hopping in RAN4#113 [2]. The latest agreements are reproduced below for convenience.
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.
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 is agreed the use of a single instance of a measurement gap for receiving all the hops for DL PRS with Rx frequency hopping: 
· RAN1 kindly 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
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.


RAN1 has agreed that a single measurement gap instance should be used to receive all the hops when measuring DL PRS with frequency hopping. In our view this is desirable to maximize the benefit of coherent processing of the PRS signals received across multiple hops by minimizing time-alignment errors between them. An incoming LS asks RAN4 to confirm this agreement [3]. RAN4 should respond by confirming RAN1’s understanding.
Proposal 2: Reply to LS R1-2306227 confirming RAN1’s understanding that a single measurement gap instance should be used to receive all the hops when measuring DL PRS with frequency hopping.
RAN1 has yet to agree on the new UE capabilities to support DL PRS measurements with FH. However, it is clear that some new elements should be featured in the new capability. Our proposal in RAN1 includes the following components [4]:
· PRS BW per hop which is supported and reported by UE
· Maximum number of PRS hops of a PRS resource within a single MG instance
· Minimum amount of frequency domain overlap(s) between hops 
· RF Rx retune time between consecutive hops
· Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz for each PFL
· Max number of DL PRS resources that UE can process in a slot for a PFL
Compared with the legacy Rel-16/17 UE capability, there are new components that determine the retuning time between hops, the maximum BW per hop and the maximum total BW that can be measured in a single MG instance. The rest of the components (N, T, N’) are identical in nature to the ones in the legacy capability. 
Based on the above UE capability, we propose to 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 BW expected to be measured by the UE. This new measured BW requirement would apply whenever the UE reports measurements based on multiple frequency hops (as opposed to single hop measurements which are also supported according to RAN1).
The minimum measured BW requirement would be derived under the following assumptions:
· The UE measures one PRS comb pattern per frequency hop
· If there are PRS comb repetitions within a slot (i.e. num PRS symbols > comb size) the UE should measure as many hops as possible within a slot, subject to the UE’s switching time capability
· The UE follows a repetitive hopping pattern with a certain number of hops per slot  on average.
· If , the UE measures exactly the same number of hops in each slot.
· If  1/N, where  is an integer, the UE measures one hop every K slots (K-1 slots are used for retuning).
The diagrams below show an example of a hopping pattern with two hops per slot  and a tabulation of  as a function of number of PRS symbols (per slot), PRS comb size, and retuning time between hops.
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Figure 1: Example of hopping pattern with two hops per slot .
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Figure 2: Examples of  as a function of number of PRS symbols, PRS comb size, and retuning time between hops.


Proposal 3: 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.
Proposal 4: 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
 Requirements without frequency hopping
RAN4 updated the PRS Es/Iot side-conditions in the simulation assumptions for 1Rx RedCap UEs in fading propagation conditions [1].
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 this meeting we have provided updated simulation results for 1Rx in fading conditions with the new side-conditions agreed in RAN4#107 [5]. Based on our results, we propose to define accuracy requirements for 1Rx in fading propagation conditions for Es/Iot = (-6, -6, -6) dB.
Proposal 5: Define RSTD measurement accuracy requirements for 1Rx without FH in fading conditions at Es/Iotref = -6 dB, Es/Ioti = -6 dB.
Proposal 6: Define UE-RxTx measurement accuracy requirements for 1Rx without FH in fading conditions at Es/Iot = (-3 dB, -6 dB).
For PRS-RSRP a single set of requirements and side-conditions were specified for AWGN and fading propagation conditions for 2Rx UEs in Rel-16. RAN4 needs to discuss whether the same approach will be followed for 1Rx RedCap UEs.
Proposal 7: FFS the side-conditions for PRS-RSRP for 1Rx RedCap UEs.
Conclusions
Observation 1:  UE capability measureSameDL-PRS-ResourceWithDifferentRxTEGsSimul-r17 is not applicable to 1Rx RedCap devices.
Proposal 1: PRS requirements for both 1Rx and 2Rx RedCap UE with FH will be defined for all the Rel-16 positioning features. FFS which Rel-17 positioning features will be covered by the requirements with FH.
Proposal 2: Reply to LS R1-2306227 confirming RAN1’s understanding that a single measurement gap instance should be used to receive all the hops when measuring DL PRS with frequency hopping.
Proposal 3: 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.
Proposal 4: 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
Proposal 5: Define RSTD measurement accuracy requirements for 1Rx without FH in fading conditions at Es/Iotref = -6 dB, Es/Ioti = -6 dB.
Proposal 6: Define UE-RxTx measurement accuracy requirements for 1Rx without FH in fading conditions at Es/Iot = (-3 dB, -6 dB).
Proposal 7: FFS the side-conditions for PRS-RSRP for 1Rx RedCap UEs.
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