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1. Introduction
At the RAN#94-e meeting, revised SID on Rel-18 NR positioning enhancement was agreed [1]. The study item includes objectives related to positioning support for RedCap UEs as follows:
	· Positioning support for RedCap UEs, considering the following:
· Evaluate positioning performance of existing positioning procedures and measurements with RedCap UEs [RAN1]
· Based on the evaluation, assess the necessity of enhancements and, if needed, identify enhancements to help address limitations associated with for RedCap UEs [RAN1, RAN2]


In this contribution, we present our views on potential enhancements of positioning support for RedCap UEs for Rel-18 NR positioning.

2. Potential enhancements
2.1. PRS/SRS frequency hopping
Regarding potential enhancements and evaluations, for RedCap UEs, the following agreements were made at the last meeting [2].
	Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of the gap between two consecutive hops includes at least from 100us to 5ms.
· Companies should indicate if other smaller values are used in their evaluations, and justify the feasibility of smaller values

Agreement
Study the potential enhancement of the UL SRS for positioning to enable Tx frequency hopping, including but not limited to partial overlapping between hops, hopping bandwidth, time gap between frequency hopping.

Agreement
Study the potential enhancement of the DL PRS to enable Tx or Rx frequency hopping, including but not limited to impact on processing capability, hopping bandwidth in the positioning frequency layer, time gap between frequency hopping, measurement period, partial overlapping between hops.


The introduction of PRS/SRS frequency hopping may be one possible solution to compensate for the issues associated with narrower bandwidth. Reference signal frequency hopping can virtually enhance the bandwidth, which contributes to both obtaining more frequency diversity gain and improving the resolution of the timing-based measurement. There are two kinds of frequency hopping below.
1. Intra-BWP frequency hopping
2. Inter-BWP frequency hopping
The former assumes that PRS/SRS resource for each hop is mapped within a BWP bandwidth (i.e., 20 MHz in FR1). The latter considers the PRS/SRS resource for each hop can be mapped even outside a BWP bandwidth so that PRS/SRS can achieve virtually wider bandwidth than the BWP bandwidth, and FH contributes bandwidth expansion beyond 20MHz. Though both intra/inter-BWP frequency hopping can improve the positioning accuracy performance, RAN1 should mainly consider the inter-BWP frequency hopping since the simulation results clarified that 20MHz bandwidth isn’t enough to achieve the target requirements for RedCap UE positioning. For the inter-BWP FH, a RedCap UE needs to measure PRS or to transmit SRS outside the activated BWP. Thus, RAN1 should study the details of procedures to perform PRS measurement or SRS transmission outside BWP. We can discuss the two alternatives.
1. BWP switching
2. RF retuning during the measurement gap
When we consider BWP switching, UE may be required to perform the BWP switching procedures, which leads to additional processing. BWP switching is designed to change active BWP for a while, i.e., not just to perform one signal/channel transmission or reception and back to previous BWP immediately. In that sense, for DL-PRS measurement, BWP switching operation only for the purpose of PRS measurement with frequency hopping may not be preferable. Instead, UE can be configured with measurement window/gap so as to measure PRS with RF retuning. Such procedure may be better than BWP switching since UE doesn’t have to switch BWP and UE just go back to the current BWP after the measurement. Therefore, measurement window/gap configuration may be more affordable implementation for inter-BWP frequency hopping compared with BWP switching.
Thus, for PRS reception, RAN1 should consider RF retuning during the measurement gap as inter-BWP frequency hopping mechanism. Details on the configurations and procedures of RF retuning during the measurement gap may be discussed in RAN1 WI phase. 
Regarding the gap values, positioning accuracy may degrade significantly when the time gap between hops is too large.  RAN1 agreed that the value of the gap between two consecutive hops includes at least from 100us to 5ms for the evaluation at the last meeting as described above. As one possible reference for the required time for RF retuning, the measurement gap length for L3 measurement is designed so that RF retuning can be performed within 0.5ms. RAN1 may be able to refer the value as a starting point. Therefore, if UE can measure PRS outside BWP with RF retuning, up to 0.5ms can be considered as the time gap between two consecutive hops for the DL positioning with frequency hopping based on PRS. We think RAN1 can discuss the gap values for the enhancement, but the final decision may be up to RAN4.
Proposal 1: 
· RAN1 should consider RF retuning during the measurement gap for the PRS FH measurement.
Proposal 2: 
· Up to 0.5 ms can be considered as the time gap between two consecutive hops for the DL positioning with frequency hopping.
· Final decision of the gap values may be up to RAN4.

For SRS transmission for positioning with inter-BWP frequency hopping, the switching time for SRS was discussed in RAN4 and the following LS was sent to RAN1 in R1-2205709. 
	R1-2205709
RAN4 discussed the candidate values for the UE capability on the switching time when transmitting SRS outside initial UL BWP or with difference SCS than the initial UL BWP (option 2 scenario), and agreed the following candidate values:
· {100us, 140us, 200us, 300us, 500us}
RAN4 respectfully asks RAN1 and RAN2 to take the above information into account in the future work for SRS transmission in RRC_INACTIVE.


We should note that this LS is given the case of normal UE in RRC_INACTIVE state. Thus, RAN1 may need to discuss whether the candidate values can apply the discussions on RedCap positioning. Although we think the values in the LS can be used as a starting point, we can also check other potentially related specifications such as BWP switching delay for RedCap UE as captured in TS 38.133 below.
Table 8.6A.2-1 in TS 38.133: BWP switch delay
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	NR Slot length 
	BWP switch delay TBWPswitchDelay (slots)

	
	(ms)
	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 smaller SCS between the SCS before BWP switch and the SCS after BWP switch.


In this table, maximum switching delay value is 3ms. RAN1 agreed that the value of the gap between two consecutive hops includes at least from 100us to 5ms for the evaluation at the last meeting. However, considering the above specification and the situation where some companies proposed much shorter switching time compared to BWP switching time from Rel-15, 5ms gap may be too large for the discussion on specification impacts. Therefore, we think that the switching gap between two consecutive hops can be considered up to 3ms for the enhancement discussion.
Similar to DL positioning with frequency hopping based on PRS, the positioning accuracy of UL positioning with frequency hopping based on SRS may degrade significantly when the time gap between hops is too large. In addition, it would be necessary to consider available resources for UL as UL resource is limited in typical TDD configuration. From TDD configuration perspective, a whole FH processes should be completed in consecutive symbols/slots so that the time gap between hops is not so large. Figure 2.1-1 shows an example of symbol allocation of UL frequency hopping. We assume SCS = 30 kHz and 5 consecutive FH procedures are performed within two consecutive slots, as 1ms consecutive UL slot configuration would be typical TDD configuration both in LTE and in NR. In order to confine 5 hopping procedures within 2 slots, time gap between adjacent hops should be no more than 5 symbols (about 180 us). Completing FH procedure in a single slot may be difficult since the agreement was made at the last meeting that at least 100us time gap is required, which corresponds to 3 symbols gap in Figure 2.1-1. Therefore, it is preferable that the time gap between two consecutive hops is equal to or shorter than 5 symbols (180 us) for the UL positioning with frequency hopping. We think RAN1 can discuss the gap values for the enhancement, but the final decision may be up to RAN4.
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Figure 2.1-1 Symbol allocation of UL frequency hopping

Proposal 3: 
· It is preferable that the time gap between two consecutive hops is equal to or shorter than 180 us for UL positioning with frequency hopping.
· Final decision of the gap values may be up to RAN4.

Regarding DL PRS and SRS FH, we think both can contribute to improved positioning accuracy, and RAN1 should consider both for enhancement. Meanwhile, some differences between DL and UL FH can be observed as above. In addition, we may need to consider a discussion priority since different UE capabilities may be expected for DL PRS and SRS. Though DL PRS FH reception requires stitching each hop at the UE side, UE can leave the stitching process to the network for SRS FH transmission, which may be easier from UE implementation complexity perspective. Thus, in terms of the complexity, discussions of SRS FH may be prioritized over that of PRS FH. 
Observation 1: 
· Discussions of SRS FH may be prioritized over that of PRS FH in terms of the complexity.

3. Conclusion
In this contribution, we discussed potential enhancements for positioning for RedCap UEs. Based on the discussion, we made following observation and proposals.
Observation 1: 
· Discussions of SRS FH may be prioritized over that of PRS FH in terms of the complexity.
Proposal 1: 
· RAN1 should consider RF retuning during the measurement gap for the PRS FH measurement.
Proposal 2: 
· Up to 0.5 ms can be considered as the time gap between two consecutive hops for the DL positioning with frequency hopping.
· Final decision of the gap values may be up to RAN4.
Proposal 3: 
· It is preferable that the time gap between two consecutive hops is equal to or shorter than 180 us for UL positioning with frequency hopping.
· Final decision of the gap values may be up to RAN4.
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