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1. Background
In last RAN4 meeting, the UE RF impact for expanded and improved NR positioning was discussed and WF [1] was approved that more discussion is needed. This contribution provides our further views. The draft reply LS for R1-2302127 is also provided in annex for discussion.
2. Discussion
2.1 [bookmark: _Hlk116897511]PRS/SRS bandwidth aggregation
For PRS/SRS bandwidth aggregation, our understanding is that the RF implementation may have impact to the RRM measurement performance but it can be discussed together in RRM discussion. No dedicated or separate RF impairment modelling discussion is needed unless it’s triggered by RAN1 LS.
Proposal 1: No dedicated or separate RF impairment modelling discussion is needed in WI phase for the solutions based on PRS/SRS bandwidth aggregation unless it’s triggered by RAN1 LS.
For the UE RF requirement, our understanding is that no new UE RF requirement is needed because the positioning performance is not a separate RF performance. Actually RRM performance includes the related RF performance. So we have the following proposal.
Proposal 2: No new UE RF requirement is needed for the solutions based on PRS / SRS bandwidth aggregation.
2.2 Carrier phase positioning
With the similar reason in 2.1, we have the following two proposals for the issues related to carrier phase positioning.
Proposal 3: No dedicated or separate RF impairment modelling discussion is needed in WI phase for the solutions based on carrier phase positioning unless it’s triggered by RAN1 LS.
Proposal 4: No new UE RF requirement is needed for the solutions based on carrier phase positioning.
2.3 RedCap UE positioning
For the RF impact discussion of RedCap UE frequency hopping, LS [2] has been sent from RAN1 to ask the switching time between UL SRS Tx and DL PRS Rx frequency hopping. The question is related to both Tx and Rx frequency hopping. For Tx SRS hopping, the capability can refer some previous agreements about SRS hopping. For Rx frequency hopping, the capability can also refer some previous discussion such as V2X Rx operation. The difference for current scenario is that it’s less complicated compared with the scenarios in the discussion before. In the LS [2], it’s clarified that “at least when numerology and bandwidth for each hop can be the same, and the Tx/Rx antennas used in all hops can be the same.” Furthermore, according to RAN1 discussion, RedCap UE frequency hopping operation is in the same single carrier and the TRx communication is with the same BS. So we have the following observations.
Observation 1: RedCap UE positioning scenario assumption is summarized as following from UE RF aspect,
· The frequency hopping is limited in the same single carrier.
· The frequency hopping is limited in the TRx communication with the same BS.
· The numerology and bandwidth for each hop is the same.
· The Tx/Rx antennas used in all hops are the same.
Based on the above assumption, there’s no band switch and it can be assumed that Tx power is not changed much. Because the numerology and bandwidth are the same, so the same RF chain and the same Tx configuration, such as filter, DAC, PA gain, etc, can be reused. There’s only one aspect which needs to be taken into account, i.e. the LO retuning time for the center frequency for RedCap UE. The typical LO retuning time is 100~200 us according to the previous discussion. In the LS R4-2210604, the following capability candidates were replied to RAN1 for the switching time for SRS transmission outside initial UL BWP in RRC_INACTIVE
· {100us, 140us, 200us, 300us, 500us}
The 300us and 500us are for the scenarios that are more complicated, for example different bands, different Tx components parameters configuration. So these two capabilities can be removed for current RedCap UE positioning frequency hopping discussion. Then we have the following proposal,
Proposal 5: The following candidate values can be used for RedCap UE UL SRS Tx frequency hopping time capability,
· {100us, 140us, 200us}
For DL PRS Rx frequency hopping, using the same assumption in observation 1, the analysis is similar. For Rx frequency hopping, usually AGC [4] is considered. In current scenario, because the Rx BW is not changed and the Rx power is not assumed to be changed much due to the same BS transmission, no AGC operation is needed. So only the LO retuning time needs to be considdered. Then the capability can be the same with Tx SRS frequency hopping.
Proposal 6: The following candidate values can be used for RedCap UE DL PRS Rx frequency hopping time capability,
· {100us, 140us, 200us}
A draft reply LS for R1-2302127 is provided in annex for discussion.
3. Summary
This contribution provides the analysis for UE RF impact for expanded and improved NR positioning. We have the following observations and proposals.

For PRS/SRS bandwidth aggregation, 
Proposal 1: No dedicated or separate RF impairment modelling discussion is needed in WI phase for the solutions based on PRS/SRS bandwidth aggregation unless it’s triggered by RAN1 LS.
Proposal 2: No new UE RF requirement is needed for the solutions based on PRS / SRS bandwidth aggregation.

For Carrier phase positioning
Proposal 3: No dedicated or separate RF impairment modelling discussion is needed in WI phase for the solutions based on carrier phase positioning unless it’s triggered by RAN1 LS.
Proposal 4: No new UE RF requirement is needed for the solutions based on carrier phase positioning.

For RedCap UE positioning
Observation 1: RedCap UE positioning scenario assumption is summarized as following,
· The frequency hopping is limited in the same single carrier.
· The frequency hopping is limited in the TRx communication with the same BS.
· The numerology and bandwidth for each hop is the same.
· The Tx/Rx antennas used in all hops are the same.
Proposal 5: The following candidate values can be used for RedCap UE UL SRS Tx frequency hopping time capability,
· {100us, 140us, 200us}
Proposal 6: The following candidate values can be used for RedCap UE DL PRS Rx frequency hopping time capability,
· {100us, 140us, 200us}
A draft reply LS for R1-2302127 is provided in annex for discussion.
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1 Overall description
RAN4 would like to thank RAN1 for the LS on switching time for DL PRS or UL SRS frequency hopping for RedCap UEs R4-2304006 (R1-2302127). RAN4 discussed the questions asked by RAN1 and has the following answers.
The following candidate values can be used for RedCap UE UL SRS Tx frequency hopping time capability,
· {100us, 140us, 200us}
The following candidate values can be used for RedCap UE DL PRS Rx frequency hopping time capability,
· {100us, 140us, 200us}
Please note that the above capability replies are based on the following assumptions according to RAN4 understanding of RAN1 RedCap UE positioning study in current release,
· The frequency hopping is limited in the same single carrier.
· The frequency hopping is limited in the TRx communication with the same BS.
· The numerology and bandwidth for each hop is the same.
· The Tx/Rx antennas used in all hops are the same.

2 Actions
To RAN1:
ACTION: 	RAN4 respectfully asks RAN1 to take the above information into account.

3 Dates of next TSG RAN WG4 meetings
TSG RAN WG4 Meeting #107	22th May – 26th May 2023 	Incheon, Korea
TSG RAN WG4 Meeting #108	21th Aug – 25th Aug 2023 	Toulouse, France
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