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1. Overall Description:
RAN4 would like to thank RAN1 for their LS in R1-2302127.
	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



We shall know that the larger the switching gap, the lower the positioning accuracy, the figure 1 illustrates the specific switching time:
[image: ]
Figure 1  frequency hopping with switching time

In current specs, BWP switching can be achieved via three ways, including DCI-based, Timer-based and RRC-based. For DCI and Timer-based BWP switching mechanisms, BWP switch delay requirements as specified in 3GPP TS 38.133. For RRC-based BWP switching, the switching delay is 6ms.
Table 2   BWP switching delay(DCI_based and Timer_based)
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	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1 
	3

	1
	0.5
	2 
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



For DL-PRS:
However, frequency hopping may require a shorter switching time than BWP switching time (including DCI-based and time-based). In the current spec such as TS 38.133, we have the existed RF retuning time (RRT) which is shorter than the BWP switching time and when defining the switching time between the two frequency hops, we can follow the existed switching time values as below:
	When measurement gaps are needed, the UE is not expected to detect SSB and measure RSSI of RSRQ which start earlier than the gap starting time + switching time, nor detect SSB and measure RSSI of RSRQ which end later than the gap end – switching time. Switching time is 0.5ms for frequency range FR1 and 0.25ms for frequency range FR2.



The values of RRT is microseconds level and shorter than the BWP switching time (RRC_based BWP switching time is 6ms) which satisfy the frequency hopping switching time.

For UL-SRS:
For switching time of SRS frequency hopping,  we shall refer to the current specification TS38.331 SRS-SwitchingTimeNR as below:
	   switchingTimeUL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL



The value of this IE is obviously smaller than the BWP switching time, the range of switchingTimeUL is from 0us to 900us which satisfies the switching time of frequency hopping. From RAN4 perspective, when defining the concrete switching time of SRS frequency hopping, the current value can be a reference or baseline.

Based on above, that is,  the shorter switching time, the higher positioning accuracy, the values for DL-PRS and UL-SRS we listed and discussed before can be a reference.


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

3. Date of Next TSG-RAN4 Meetings:
TSG-RAN WG4 Meeting #107  	 22th May – 26rd May 2023	                        Incheon, South Korea
TSG-RAN WG4 Meeting #108 	21th August – 25th August 2023	           Toulouse, France
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