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Introduction
In RAN#94-e meeting, a new SID on study on expanded and improved NR positioning was approved [1]. The motivation to evaluate the performance and identify performance gaps for RedCap UEs supporting NR positioning functionalities is justified:
	· 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 RAN1#110b-e meeting, the following agreements were made to further study potential enhancement of DL PRS and UL SRS frequency hopping [2]:
	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.



In this contribution, we continually discuss on potential enhancements based on the agreements.

Discussion
[bookmark: _Ref31533076]Based on the evaluations provided by companies in previous RAN1 meetings, it seems that it may have risk of a RedCap UE with 20MHz bandwidth and low Tx/Rx capability to achieve meter level positioning accuracy. In the following, we discuss some potential enhancements on RedCap UE positioning.
The most straightforward solution is to support DL PRS and/or UL SRS frequency hopping, where at the receiver side, a bandwidth larger than 20MHz can be aggregated to achieve more accurate positioning performance.
As shown in the figure below, to support frequency hopping of DL PRS and/or UL SRS, multiple shots of DL PRS and/or UL SRS should be sent with hopped frequencies, and at the receiver side, positioning measurements with an effective bandwidth larger than 20MHz can be obtained, in which the receiver should be capable of performing coherent combining, eliminating the impact of potential frequency/phase inconsistency, and applying super resolution mechanisms, etc, to further enhance the positioning accuracy. From this perspective, it is more complexity friendly for a RedCap UE to enable UL SRS frequency hopping transmission than DL PRS frequency hopping reception.
Observation 1: To support DL PRS / UL SRS frequency hopping, the receiver should be capable of performing coherent combining, eliminating the impact of potential frequency/phase inconsistency, and applying super resolution mechanisms, etc
Observation 2: When compared to UL SRS frequency hopping to support RedCap UE positioning, DL PRS frequency hopping requires more complicated UE capability for processing.
Proposal 1: At least UL SRS frequency hopping should be introduced to support RedCap UE positioning.


Figure 1: Illustration of DL PRS/UL SRS frequency hopping

As shown in the figure, a RedCap UE is required to retune its RF chain to transmit or receive SRS or PRS frequency hopping, and hence, some random phase rotation between different hops will be introduced and will lead to performance degradation. To mitigate the impact of phase discontinuity, partial overlapping in the frequency domain should be considered. The number of PRBs used for estimation of phase offset can be configured by the network. 
Proposal 2: To support RS frequency hopping, the partial overlapping in the frequency domain should be considered to mitigate the phase discontinuity between different hops.
On the other hand, in order to achieve frequency hopping, the UE needs to retune its RF chain among different hops, the level of RF switching time (e.g., symbol level, slot level, etc) is related to UE capability and should be studied by RAN4.
Proposal 3: To support RS frequency hopping, the feasibility of UE capability including the requirement of frequency/phase inconsistency and RF retuning time should be further studied by RAN4.

Conclusions
In this contribution, we provide our views on RedCap UE positioning, and the following observation and proposals are made:
Observation 1: To support DL PRS / UL SRS frequency hopping, the receiver should be capable of performing coherent combining, eliminating the impact of potential frequency/phase inconsistency, and applying super resolution mechanisms, etc
Observation 2: When compared to UL SRS frequency hopping to support RedCap UE positioning, DL PRS frequency hopping requires more complicated UE capability for processing.

Proposal 1: At least UL SRS frequency hopping should be introduced to support RedCap UE positioning.
Proposal 2: To support RS frequency hopping, the partial overlapping in the frequency domain should be considered to mitigate the phase discontinuity between different hops.
Proposal 3: To support RS frequency hopping, the feasibility of UE capability including the requirement of frequency/phase inconsistency and RF retuning time should be further studied by RAN4.
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