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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 for RedCap UEs, the following agreement was made at the last meeting [2].
	Agreement
The potential benefits and performance gains of frequency hopping of the DL PRS and UL SRS can be investigated in release 18, which may take into account at least the following:
· The impact of Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations
· Impact of RF retuning during frequency hopping
· Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS


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 require the BWP switching procedures, which leads to additional processing. BWP switching may be a straightforward way if UE is expected to not only measure PRS (or transmit SRS) but also process other signals such as control signals reception. On the other hand, for DL-PRS measurement, BWP switching operation only for the purpose of PRS measurement may not be preferable for RedCap UE. 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. If UE is expected to only measure PRS without any other receptions during the FH periods, measurement window/gap configuration without BWP switching may be more affordable implementation.
For SRS transmission for positioning with inter-BWP frequency hopping, different from DL PRS measurement, UE may not be able to transmit SRS outside BWP unless BWP switching is performed.
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. 
Proposal 1: 
· RAN1 should study the detail procedures of frequency hopping. Examples are described below.
· Whether UE needs BWP switching or just RF retuning during the measurement gap for the PRS measurement.
· Whether we need a separate discussion or prioritization between DL PRS and SRS.

2.2. Use of SSB, TRS, SRS-MIMO for positioning of RedCap UEs
Generally, RedCap device is not expected to equip high capability, which means it may not implement the advanced features of DL PRS or SRS for positioning. However, even such a device has a positioning need, potentially with relaxed accuracy requirements. Therefore, it may be beneficial to study low capability positioning such as positioning without requiring PRS or SRS for positioning. E-CID based positioning was already supported. In our understanding, at least UL E-CID can be used for RedCap UE, and E-CID doesn't require additional UE processing with any dedicated signaling (e.g., DL PRS, SRS), and NW can estimate the UE location without them. If other positioning methods based on SSB, TRS, or SRS for MIMO will be considered, RAN1 may need to first clarify benefits of supporting such positioning methods. After the clarification, we would support to study the details to use SSB, TRS, or SRS for MIMO for positioning of RedCap UEs. For example, whether new measurement gap lengths or measurement gap sharing schemes are required for such positioning methods can be studied.
Proposal 2: 
· RAN1 can study positioning methods based on SSB, TRS, or SRS for MIMO after the clarification of benefits.

3. Conclusion
In this contribution, we discussed potential enhancements for positioning for RedCap UEs. Based on the discussion, we made following proposals.
 Proposal 1: 
· RAN1 should study the detail procedures of frequency hopping. Examples are described below.
· Whether UE needs BWP switching or just RF retuning during the measurement gap for the PRS measurement.
· Whether we need a separate discussion or prioritization between DL PRS and SRS.
Proposal 2: 
· RAN1 can study positioning methods based on SSB, TRS, or SRS for MIMO after the clarification of benefits.
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