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Introduction
In the RAN1 LS [1] on the use of a single measurement gap for DL PRS with Rx hopping measurement, RAN4 is asked to confirm RAN1’s understanding on the use of a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping, and if needed, ensure that the measurement gap has the proper duration.
	[bookmark: _Hlk119551644][bookmark: _Hlk118277894]1       Overall description
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 made the following agreements:

	 
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.





2       Actions

To RAN4
ACTION: 	
[bookmark: _Hlk142068379]RAN1 respectfully asks RAN4 to confirm RAN1’s understanding on the use of a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping, and if needed, ensure that the measurement gap has the proper duration. 



In this contribution, we provide our views on the use of a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping.
Discussion
Regarding the use of a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping, as indicated in LS, the following RAN1’s agreement is available:
	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 



To our understanding it could be classified into the following cases:
Case 1: Symbol-level frequency hopping
There is only one PRS resource in a measurement gap, the PRS resource is divided into multiple PRS instance for frequency hopping. The frequency hopping switching time is capture as 
	· For RedCap UE DL PRS Rx frequency hopping, RAN4 considers the switching time of {70us, 140us} for FR1 as the starting point
· PRS Rx frequency hopping range can be up to 100MHz
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed
· For DL PRS Rx frequency hopping, RAN4 considers the switching time of {35us, 70us, 140us} for FR2 as the starting point
· PRS Rx frequency hopping range can be up to 400MHz
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed
RAN4 will notify RAN1 of further relevant agreements if there are any updates in future meetings.



Fig. 1 shows an example of case 1 for Rx frequency hopping.


Fig.  1 An illustration of case 1 for Rx frequency hopping.
The symbol number of a PRS resource is captured in TS 38.211:
-	the size of the downlink PRS resource in the time domain  is given by the higher-layer parameter dl-PRS-NumSymbols;
The total frequency hopping time can be calculated as 


The number of hops hopNum should be defined by RAN4, and if hopNum=symNum, SCS=15kHz, retuning time=0.5ms, ExpectedRSTDuncertainty =0.5ms, the maximum total frequency hopping time can be calculated as


The gap pattern specified in TS 38.133 is shown as follow
Table 9.1.2-1: Gap Pattern Configurations
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



In that case, MG specified in TS 38.133 can be used to receive all the hops in the DL PRS with Rx frequency hopping.
Observation 1: In symbol-level frequency hopping case, the measurement gap has the proper duration to receive all the hops in the DL PRS with Rx frequency hopping.

Case 2: Resource-level frequency hopping
In this case, a measurement gap should contain multiple PRS resource repetitions and different PRS resource repetitions correspond to different hops. The interval between two adjacent PRS resource repetitions is the TimeGap, which is captured in TS 38.214.
-	dl-PRS-ResourceTimeGap defines the offset in number of slots between two repeated instances of a DL PRS resource with the same nr-DL-PRS-ResourceID within a single instance of the DL PRS resource set. The UE only expects to be configured with dl-PRS-ResourceTimeGap if dl-PRS-ResourceRepetitionFactor is configured with value greater than 1. The time duration spanned by one instance of a nr-DL-PRS-ResourceSet is not expected to exceed the configured value of DL PRS periodicity. All the DL PRS resources within one resource set have the same value of dl-PRS-ResourceTimeGap.
Fig. 2 shows an example of case 2 for Rx frequency hopping.


Fig.  2 An illustration of case 2 for Rx frequency hopping.
The number of repetitions and the length of TimeGap are specified in TS 38.211
-	the repetition factor  is given by the higher-layer parameter dl-PRS-ResourceRepetitionFactor;
-	the time gap  is given by the higher-layer parameter dl-PRS-ResourceTimeGap;
Thus, the total frequency hopping time can be calculated as


It can be seen that the Ttotal will be greater than 20ms when the repetition factor and the time gap are large, e.g. 8,16,32. However, such a long time for frequency hopping will deteriorate the positioning performance, which needs to be avoided. 
Observation 2: In resource-level frequency hopping case, the measurement gap may not have the proper duration to receive all the hops in the DL PRS with Rx frequency hopping, but these scenarios will deteriorate the positioning performance, which need to be avoided.
[bookmark: _Hlk142069019]Table 1 shows the Ttotal values under the conditions that SCS=15kHz, switching time =140us, LPRS=12. The value highlighted in yellow are the value that smaller than 20ms (maximum MGL in TS 38.133).
Table 1 Ttotal value with different repetition factors and time gaps
	Ttotal (ms)
	

	
	1
	2
	4
	8
	16
	32

	
	1
	2.4
	2.4
	2.4
	2.4
	2.4
	2.4

	
	2
	4.2
	5.2
	6.2
	11.2
	15.2
	35.2

	
	4
	7.6
	10.9
	13.9
	28.9
	52.9
	100.9

	
	6
	11.6
	16.6
	21.6
	46.6
	86.6
	166.6

	
	8
	15.4
	22.4
	29.4
	64.4
	120.4
	232.4

	
	16
	30.2
	45.2
	60.2
	135.2
	255.2
	495.2

	
	32
	59.9
	90.9
	121.9
	276.9
	524.9
	1020.9



As we mentioned above, RAN4 needs to define the number of symbol-level hops in case 1. Also, RAN4 needs to define the number of repetitions in case 2. Based on the above analysis, the maximum number of repetitions in case 2 can be defined, e.g. 8.
Proposal 1: It is feasible to use the MG specified in TS 38.133 for using a single MG to receive all the hops in the DL PRS with Rx frequency hopping and no need for MG enhancement.
Proposal 2: RAN4 to define the maximum number of PRS resource repetitions e.g. 8.  for using a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping.
The draft LS to RAN1 is contained in Appendix.
Conclusion
[bookmark: _Hlk23953093]In this contribution, we provided our views on the use of a single measurement gap for DL PRS with Rx hopping measurement. Based on analysis following observations and proposals are present.
Observation 1: In symbol-level frequency hopping case, the measurement gap has the proper duration to receive all the hops in the DL PRS with Rx frequency hopping.
Observation 2: In resource-level frequency hopping case, the measurement gap may not have the proper duration to receive all the hops in the DL PRS with Rx frequency hopping, but these scenarios will deteriorate the positioning performance, which need to be avoided.
Proposal 1: It is feasible for to use the MG specified in TS 38.133 for using a single MG to receive all the hops in the DL PRS with Rx frequency hopping and no need for MG enhancement.
Proposal 2: RAN4 to define the maximum number of PRS resource repetitions e.g. 8.  for using a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping.
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1. Overall Description:
RAN4 thanks RAN1 for their LS on the use of a single measurement gap for DL PRS with Rx hopping measurement in R1-2306227.
RAN1 asked RAN4 to confirm RAN1’s understanding on the use of a single measurement gap to receive all the hops in the DL PRS with Rx frequency hopping, and if needed, ensure that the measurement gap has the proper duration.


RAN4 has the understanding that it is feasible for to use the MG specified in TS 38.133 for using a single MG to receive all the hops in the DL PRS with Rx frequency hopping and no need for MG enhancement. However, when frequency hopping is the resource-level, the total time for hopping may exceed the maximum MGL which is 20ms. The total hopping duration time can be calculated with number of repetitions and the length of TimeGap .which is listed in the Table 1. The values highlighted in yellow are those smaller than 20ms. Based on the Table 1, the maximum number of repetitions should be restricted and defined by RAN4 for using the single MG.
Table 1 Ttotal value with different repetition factors and time gaps
	Ttotal (ms)
	

	
	1
	2
	4
	8
	16
	32

	
	1
	2.4
	2.4
	2.4
	2.4
	2.4
	2.4

	
	2
	4.2
	5.2
	6.2
	11.2
	15.2
	35.2

	
	4
	7.6
	10.9
	13.9
	28.9
	52.9
	100.9

	
	6
	11.6
	16.6
	21.6
	46.6
	86.6
	166.6

	
	8
	15.4
	22.4
	29.4
	64.4
	120.4
	232.4

	
	16
	30.2
	45.2
	60.2
	135.2
	255.2
	495.2

	
	32
	59.9
	90.9
	121.9
	276.9
	524.9
	1020.9




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- 2306227, LS on the use of a single measurement gap for DL PRS with Rx hopping measurement, Ericsson, RAN1

4. Date of Next TSG RAN WG4 Meetings:
TSG-RAN4 Meeting #108-bis			9th Oct –13th Oct, 2023	                China
TSG-RAN4 Meeting #109			13th Nov –17th Nov, 2023	   US
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