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1	Introduction
Positioning for RedCap UE is included Rel-18 WI and RAN4 reached some agreements on the general aspects/scenarios [1]. It was agreed in the last meeting that all Rel-16/Rel-17 positioning features could apply for RedCap UE without FH. However, whether these features could apply for RedCap UE with FH will be further discussed. This contribution will give our further considerations on this topic. 
2	Discussion
	Issue 2-1-3: Relation with Rel-16/Rel-17 positioning for PRS measurements without FH
Agreements:
· PRS requirements for both 1Rx and 2Rx RedCap UE without FH shall be defined for all the Rel-16/Rel-17 positioning features/techniques.
Issue 2-1-4: Relation with Rel-16/Rel-17 positioning for PRS measurements with FH
· Proposals
· Option 1: QC
· PRS requirements for both 1Rx and 2Rx RedCap UE with FH will be defined for all the Rel-16 positioning features. FFS which Rel-17 positioning features will be covered by the requirements with FH.
· Option 2: OPPO
· MG-less based measurement: 
· For RedCap UE with FH, whether to support MG-less based measurement is up to RAN1  
· For RedCap UE without FH and with FH, support reduced samples. 
· For lower Rx beam sweeping factor in FR2:
· For RedCap UE with FH, not support lower Rx beam sweeping factor. 
· For RedCap UE without FH and with FH, support per-FR gap and MAC-CE based Pos gap.


Last meeting has agreed to extend all the Rel-16/Rel-17 positioning features to both 1Rx and 2Rx RedCap UE without FH. Whether these features could also be applicable to RedCap UE with FH will needs further discussion. Rel-16 discussed the fundamental features like PRS measurements with gap in RRC connected state and the related delay/accuracy requirements, which should be considered as baseline for RedCap UE with FH.
Proposal 1: The Rel-16 positioning features should be considered for RedCap UE with FH.
	Agreement [RAN1]
SRS Tx Frequency hopping is supported for both RRC_CONNECTED and RRC_INACTIVE state.


As for the applicable RRC states for RedCap UE with FH, RRC_INACTIVE state should be considered for RedCap UE with FH. As shown above, RAN1 has agreed to support the SRS Tx frequency hopping in RRC_INACTIVE state. We understand that PRS Rx frequency hopping is supported in RRC_INACTIVE state as well. 
Proposal 2: Define PRS measurement requirements for RedCap UE with FH in RRC_INACTIVE state.
	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


[bookmark: _GoBack]To further reduce the measurement delay, Rel-17 introduced PRS measurement outside MG but within PPW. For RedCap UE with FH, whether to support DL PRS measurement within PPW will be further studied in RAN1. RAN4 can postpone this issue and wait for RAN1’s conclusion. 
Proposal 3: For RedCap UE with FH, whether to support gapless based PRS measurement is up to RAN1.  
	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.

	Conclusion
For the positioning of redcap UEs, for the DL PRS reception and UL SRS transmission, the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2.  

	· 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


As shown above, RAN1 assume to use one single gap instance for receiving all the PRS hops and sent a LS [2] to RAN4 to confirm this understanding. Base on the following assumptions, up to 6ms is required to receive all the hops for DL PRS, which could be covered by the existing MG patterns. And if more symbols are needed for each Rx hop, e.g. 2 or 4 slots, it is feasible to receive all hops by MG patterns #25 and #26. Therefore, we think RAN1’s understanding could be confirmed. 
· 5 Rx hops: The max bandwidth for Rx frequency hopping range is up to 100MHz for FR1 and 400MHz for FR2, and the max bandwidth for each Rx hop is 20MHz for FR1 and 100MHz for FR2, then there will be 5 Rx hops. 
· 140us switching times between hops: RAN4 has agreed {35us, 70us, 140us} as the switching time between hops. The max value 140us is considered in this contribution.
· Up to 2 symbols as the additional time margin for the first or last hop: no agreements. To be safety, 1~2 symbols will be considered as the additional time margin. 
· 4 or 12 symbols as the duration for each Rx hop. Generally, 2/4/6/12 symbols will be configured for one PRS resource. Here, we assume 4 or 12 PRS symbols as the duration of each Rx hop.  
Proposal 4: RAN1’s understanding that a single gap instance can be used for receiving all the hops for DL PRS with FH can be confirmed. 
Table 1, The total duration of all Rx hops
	Numerology (u)
	0
	1
	2
	3

	Subcarrier spacing
	15kHz
	30kHz
	60kHz
	120kHz

	Slot duration (ms)
	1
	0.5
	0.25
	0.125

	OFDM symbol duration (us)
	66.67
	33.33
	16.67
	8.33

	CP duration (us)
	4.69
	2.34
	1.17
	0.57

	OFDM symbol duration including CP (us)
	71.35
	35.68
	17.84
	8.92

	The number of OFDM symbols for 140us switching time
	2
	4
	8
	16

	The number of PRS symbols for each hop
	4
	12
	4
	12
	4
	12
	4
	12

	Total duration for 5 Rx hops
	4ms
	6ms
	3ms
	6ms
	1.5ms
	3ms
	1.5ms
	2ms


	

(a) Subcarrier spacing = 15kHz
	

(b) Subcarrier spacing = 30kHz

	

(c) Subcarrier spacing = 120kHz
	
(d) Subcarrier spacing = 240kHz


Figure 1, illustration of Rx hopping

3	Conclusion
Based on RAN1 progress, this contribution gave our considerations on RedCap positioning and the following proposals:
Proposal 1: The Rel-16 positioning features should be considered for RedCap UE with FH.
Proposal 2: Define PRS measurement requirements for RedCap UE with FH in RRC_INACTIVE state.
Proposal 3: For RedCap UE with FH, whether to support gapless based PRS measurement is up to RAN1.  
Proposal 4: RAN1’s understanding that a single gap instance can be used for receiving all the hops for DL PRS with FH can be confirmed. 
4	Reference
[1] R4-2310072, WF on NR Positioning – RedCap and BW aggregation, Ericsson
[2] R4-2311034, LS on the use of a single measurement gap for DL PRS with Rx hopping measurement, Ericsson
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