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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN1 LS [1] on switching time for DL PRS or UL SRS frequency hopping for RedCap UEs, RAN4 is requested to provide feedback on the feasible values for the switching time between hops, 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.
	1. Overall Description:
In the Rel-18 WI Expanded and Improved NR Positioning, in the agenda item “Positioning for redcap UEs”, RAN1 is discussing frequency hopping for the reception of the DL PRS and the transmission of UL SRS. 

RAN1 made the following agreements:
	Conclusion
For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.
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
Conclusion
The scope for RedCap positioning includes FR1 and FR2.  
Agreement
For Positioning enhancements for redcap UEs for UL SRS Tx and DL PRS Rx frequency hopping, from the RAN1 perspective, short switching time to allow RF retuning between adjacent hops may be beneficial in terms of accuracy and latency performance.
· Send an LS to RAN4 requesting feedback on the feasible values for the switching time between hops, at least when numerology and bandwidth for each hops can be the same, and the Tx/Rx antennas used in all hops can be the same.
Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details 
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




2. Actions:
To RAN4
ACTION: RAN1 kindly asks RAN4 for feedback on the feasible values for the switching time between hops, 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.



In this contribution, we provide our views on on switching time for DL PRS or UL SRS frequency hopping for RedCap UEs and draft reply LS.
2. Discussion
Regarding DL PRS frequency hopping, as indicated in LS, the following agreement are available:
	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



The first FFS is up to RAN1 decision and the third FFS is not related since all PRS should be within the active bandwidth. The key issue is whether the use of a single or multiple instances of a MGs is feasible or not. In action part RAN1 asks RAN4 for feedback on the feasible values for the switching time between hops, since DL and UL use different approaches, RAN4 should provide answers for UL/DL separately. 
Proposal 1: Regarding the question in action part, RAN4 should provide answers for UL/DL separately.
Regarding “FFS: the use of a single or multiple instances of a MGs”, to our understanding it could be classified into the following cases:
Case 1: perform multiple times of Rx hopping within a MG instance
As illustrated in figure 1, at the beginning and end of the MG, there is a switch time of 0.5ms or 0.25ms, which is the same as regular MG. However different from regular MG operation, within the MG for Rx frequency hopping, UE needs to perform multiple times of RF retuning for multiple Rx hops at different frequencies. Considering the maximum MG length can be 20ms, we think it is enough to cover multiple hops together with corresponding switching time, that is, a round of Rx frequency hopping.


Figure 1 One MG instance for multiple hops
Case 2: one MG is used for one Rx hop instance
As illustrated in figure 2, another alternative to use MG is one Rx hop corresponding to a MG instance, which needs multiple MG instances to complete a round of Rx frequency hopping. However, the current minimum MG repetition period is 20ms, which will make the time gap between two adjacent hops unacceptable. 


Figure 2 One MG instance for one hop
No matter case 1 or case 2, there is no precedence from RAN4 point of view. For case 1, it is not related to “action” in the LS and could be up to RAN1 decision. For case 2, the question is how the minimum switch time when a MG switch between two different places at the frequency domain. At Rel-17 concurrent gap WI a threshold between two gaps was defined to determine whether that two MGs are overlapped or not. However, that threshold may not suitable for case 2 since in case 2 only one gap is used and constantly switched to different point at the frequency domain. Considering the usage of case 2, the baseband preparing part could be executed once and only the RF retune needs be considered when that MG switch between different hopping instances. Considering the RF retuning time has already been absorbed into the MGL part of a MG, theoretically the minimum switch time when a MG switches between two different hopping instances could be 0 then the periodicity of that MG switching between different hopping instances could be fully determined by the duration between different consecutive PRS instances.
Proposal 2: For the scenario one MG is used for one Rx hop instance, only RF retuning time needs be considered when that MG switches between different hopping instances.  
Proposal 3: The periodicity of that MG switching between different hopping instances could be fully determined by the duration between two different consecutive PRS instances.
For UL SRS frequency hopping, 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, there is also no transition time required from the baseband perspective. For RF transition time, the values from the SRS carrier switching capability can be referred to
· {0 us, 30 us, 100 us, 140 us, 200 us, 300 us, 500 us, 900 us}
However, for 0 us and 30 us, the UE should at least have two RF chains. The switching time can be 0 us because UE can prepare the RF chain in advance separately. For 30 us, the RF switching time only consists of the antenna switching time between two bands, e.g. 10~30us [2]. For RedCap UE, more than 1 UE Tx branch is not supported, so we do not recommend the value 0 and 30 to be re-used. Also, 300 us, 500 us, 900 us are for inter-band CA scenario [3]. Thus, the following candidate values can be re-used.
· {100 us, 140 us, 200 us}
[bookmark: _Hlk131703200]Proposal 4: Introducing a UE capability for switching time for UL SRS frequency hopping for RedCap UEs, the candidate values are:
· {100 us, 140 us, 200 us}
3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided our views on switching time for DL PRS or UL SRS frequency hopping for RedCap UEs. Based on analysis following proposals are present.
[bookmark: _Hlk118746077]Proposal 1: Regarding the question in action part, RAN4 should provide answers for UL/DL separately.
Proposal 2: For the scenario one MG is used for one DL PRS hopping instance, only RF retuning time needs be considered when that MG switches between different hopping instances.  
Proposal 3: The periodicity of that MG switching between different hopping instances could be fully determined by the duration between two different consecutive PRS instances.
Proposal 4: Introducing a UE capability for switching time for UL SRS frequency hopping for RedCap UEs, the candidate values are:
· {100 us, 140 us, 200 us}
A draft Reply LS is provided in Annex.
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1. Overall Description:
RAN4 thanks RAN1 for the LS on switching time for DL PRS or UL SRS frequency hopping for RedCap UEs.
For the feasible values for the switching time between hops, 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, RAN4 would like to provide the following feedback.

DL PRS frequency hopping 
For the scenario where one MG is used for one DL PRS hopping instance, only RF retuning time needs be considered when that MG switches between different hopping instances. The periodicity of that MG switching between different hopping instances could be fully determined by the duration between two different consecutive PRS instances.

UL SRS frequency hopping 
Introducing a UE capability for switching time for UL SRS frequency hopping for RedCap UEs, the candidate values are:
· {100 us, 140 us, 200 us}

2. Actions:
To: RAN WG1
ACTION: 	RAN4 kindly asks RAN1 to take the above RAN4 answers into account in the future work.

3. Reference:
[1] R1-2302127, LS on switching time for DL PRS or UL SRS frequency hopping for RedCap UEs, Ericsson, RAN1

4. Date of Next TSG RAN WG4 Meetings:
TSG-RAN4 Meeting #107			22th May –26th May, 2023	Incheon, Korea
TSG-RAN4 Meeting #108			21th Aug –25th Aug, 2023	FR

 5 / 8

image1.emf
PRS Rx hop

A MG instance

Hop switch

MG switch

MG switch


Microsoft_Visio_2003-2010_Drawing.vsd

image2.emf
PRS Rx hop

MG instance 1   instance 2  ... instance 5

Multiple MG instances 


Microsoft_Visio_2003-2010_Drawing1.vsd

