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Introduction
RAN1#113 made the following agreement on measurement gap for reception of DL PRS with Rx hopping.
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.
Based on this agreement LS R1-2306227 was sent to RAN4 seeking RAN4 confirmation on 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, to ensure that the measurement gap has the proper duration to allow UE to receive all hops within a single MG.
In this contribution we present our view on MG requirement for reception of DL PRS with Rx hopping.
Discussion
RAN1#112 made the following agreement:
Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource.
Based on this agreement a RedCap UE is expected to perform Rx FH to receive DL PRS as shown in an example schematic in Figure 1. DL PRS resource(s) can be configured with a repetition factor, where in each repetition RedCap UE performs 1 hop to receive DL PRS resource up to 20MHz in FR1 and up to 100MHz in FR2. To receive 100MHz wide DL PRS in FR1 and 400MHz DL PRS in FR2 UE therefore must perform multiple hops within a PRS resource as illustrated in the figure below. It shall however be noted that the measurement performed by UE with multiple hops in Figure 1 is equivalent to 1 sample measurement.
Observation 1: DL PRS resource can be configured with up to .
Observation 2: To complete 1 sample measurement in FR1, RedCap UE needs to perform at least 6 hops to receive 100MHz wide PRS. DL PRS resource in this case is configured with a repetition factor of 6.
Observation 3: To complete 1 sample measurement in FR2, RedCap UE needs to perform at least 5 hops to receive 400MHz wide PRS. DL PRS resource in this case is configured with a repetition factor of 6.
[image: ]
[bookmark: _Ref137642946]Figure 1. DL PRS Rx hopping within a PRS resource.

Slot duration for each SCS is shown in Table 1. To receive all hops within a MG to complete 1 sample PRS measurement:
· MGL of more than 6ms (accounting for RF tuning time) is needed for PRS resource configured with SCS = 15kHz,
· MGL of more than 3ms (accounting for RF tuning time) is needed for PRS resource configured with SCS = 30kHz,
· MGL of more than 1.5ms (accounting for RF tuning time) is needed for PRS resource configured with SCS = 60kHz, and
· MGL of more than 0.75ms (accounting for RF tuning time) is needed for PRS resource configured with SCS = 120kHz.
Observation 4: To complete 1 sample measurement within a MG, MGL should be more than 6ms (15kHz), 3ms (30kHz), 1.5ms (60kHz), 0.75ms (120kHz) when accounting for RF tuning + measurement time.

[bookmark: _Ref139269345]Table 1. slot duration.
	μ
	SCS
	No. of slots per subframe = 2μ
	No. of slots per radio frame = 10 * 2µ
	slot duration (ms)

	0
	15 kHz
	1
	10
	1

	1
	30 kHz
	2
	20
	0.5

	2
	60 kHz
	4
	40
	0.25

	3
	120 kHz
	8
	80
	0.125

	4
	240 kHz
	16
	160
	0.0625




Table 9.1C.2-1 in TS 38.133 defines MG patterns that can be configured to RedCap UEs. The longest MGL that can be configured to RedCap UE is 6ms during which receiving all hops of 15kHz PRS resource within the same MG is not possible given that UE also needs to perform RF tuning after the start of the gap to receive the PRS resource in the first hop, specifically when the first hop to be performed by UE is outside of the active BWP configured to the RedCap UE. However, MG pattern configurations in the Table 9.1A.2-1 allow RedCap UEs to receive all hops of PRS resource configured with SCS = 30kHz, 60kHz (FR2) and 120kHz. It is therefore our observation that it is feasible to use single instance of a measurement gap for receiving all the hops for DL PRS with Rx frequency hopping when PRS resource is configured with 30kHz, 60kHz, and 120kHz. To use single instance of measurement gap for receiving all hops for DL PRS with Rx hopping when PRS resource is configured with 15kHz MGL longer than 6ms needs to be introduced. To limit the impact of introducing new MG pattern for RedCap positioning we propose to define MG pattern ID 24 in Table 9.1.2-1 in 38.133 for RedCap positioning.
Table 9.1A.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



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



Observation 5: For DL PRS Rx hopping, it is feasible to use a single instance of a measurement gap for receiving all the hops for DL PRS with Rx frequency hopping for PRS resource configured with SCS 30kHz, 60kHz, and 120kHz.
Observation 6: MGL configurable to RedCap UEs is not sufficient to receive all hops of 15kHz PRS resource within a single instance of MG.
Proposal 1: Introduce MG pattern ID 24 in Table 9.1.2-1 in 38.133 for RedCap positioning.
Proposal 2: Confirm RAN1 that for DL PRS Rx hopping, it is feasible to use a single instance of a measurement gap for receiving all the hops for DL PRS with Rx frequency hopping.

Summary
In this contribution discussion on RAN1 LS on use of a single MG for DL PRS measurement with Rx hopping is presented. The following observation and proposal summarize the discussion presented in this paper:
Observation 1: DL PRS resource can be configured with up to .
Observation 2: To complete 1 sample measurement in FR1, RedCap UE needs to perform at least 6 hops to receive 100MHz wide PRS. DL PRS resource in this case is configured with a repetition factor of 6.
Observation 3: To complete 1 sample measurement in FR2, RedCap UE needs to perform at least 5 hops to receive 400MHz wide PRS. DL PRS resource in this case is configured with a repetition factor of 6.
Observation 4: To complete 1 sample measurement within a MG, MGL should be more than 6ms (15kHz), 3ms (30kHz), 1.5ms (60kHz), 0.75ms (120kHz) when accounting for RF tuning + measurement time.
Observation 5: For DL PRS Rx hopping, it is feasible to use a single instance of a measurement gap for receiving all the hops for DL PRS with Rx frequency hopping for PRS resource configured with SCS 30kHz, 60kHz, and 120kHz.
Observation 6: MGL configurable to RedCap UEs is not sufficient to receive all hops of 15kHz PRS resource within a single instance of MG.
Proposal 1: Introduce MG pattern ID 24 in Table 9.1.2-1 in 38.133 for RedCap positioning.
Proposal 2: Confirm RAN1 that for DL PRS Rx hopping, it is feasible to use a single instance of a measurement gap for receiving all the hops for DL PRS with Rx frequency hopping.
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1. Overall Description:
RAN4 thanks RAN1 for LS R1-2306227. 
RAN4 discussed the issue highlighted in the LS and would like to confirm RAN1’s understanding that for DL PRS Rx hopping, a single instance of a measurement gap can be used for receiving all the hops for DL PRS with Rx frequency hopping.

2. Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly requests RAN1 to take the above response into consideration.

3. References:
[1] R1-2306227, “LS to RAN4 on the use of a single measurement gap for DL PRS with Rx hopping measurement”, Ericsson.

4. Date of Next TSG-RAN WG4 Meetings:
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