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Introduction
[bookmark: _Hlk110869457][bookmark: _Hlk101443289][bookmark: OLE_LINK1]For positioning for RedCap UEs, the following agreements were made in RAN1#110b-e [1].
	[bookmark: _Hlk83924038]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.

Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of UE speed includes 3 km/h, 30 km/h, 60km/h.
· Other values are not precluded


In this contribution, we share the view on positioning for RedCap UEs.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Discussions
Key issues on the positioning on RedCap UEs is the degradation of positioning accuracy due to the reduced bandwidth to 20MHz (optionally 5MHz) for FR1 and 100MHz for FR2. In previous meetings, several contributions pointed out the enough accuracy is not obtained with the limited bandwidth. Therefore, it was agreed that, to compensate the degradation, frequency hopping for UL SRS and/or DL PRS using multiple symbols are studied.
Tx frequency hopping for UL SRS for positioning
When using multiple UL SRS signals with frequency hopping transmitted in TDM manner, the compensation for phase inconsistency between hops is necessity. As proposed by several companies in previous meetings, to stich up the multiple UL SRS signals, the phase estimation using partial overlapping for two adjacent hops to compensate the phase error should be supported.
Proposal 1: For UL SRS for positioning on RedCap devices, partial overlap Tx frequency hopping of adjacent hops should be supported

Rx frequency hopping for DL PRS
For DL PRS, irrespective of the bandwidth of transmitted PRS, RedCap UEs receive the PRS within the limited maximum UE bandwidth. In such case, to achieve enough positioning accuracy, the stitching up of the multiple PRS using partial overlap RX frequency hopping will be required as same as the case of Tx frequency hopping for UL SRS for positioning.
The partial overlap RX frequency hopping can be applied irrespective of the bandwidth of transmitted PRS (e.g. either for legacy PRS transmitted in wider bandwidth or for RedCap dedicated PRS transmitted using Tx bandwidth hopping with limited bandwidth). Therefore, as long as the resource of the transmitted PRS is indicated to the RedCap UE, how to perform the Rx frequency hopping based on the received PRS may be UE implementation.
[bookmark: _Hlk118739977]Observation 1: For DL PRS reception at RedCap devices, partial overlap Rx frequency hopping of adjacent hops is valid to achieve enough positioning accuracy on DL positioning

Tx frequency hopping for DL PRS
Regarding DL PRS transmission at gNB side, the bandwidth of DL PRS is not limited by the maximum UE bandwidth. Whether the legacy DL PRS can be used for the RedCap positioning depends on how often the DL PRS can be transmitted to stitching up with the Rx bandwidth hopping. If the legacy DL PRS is available, the introduction of new DL PRS structure for RedCap devices, any Tx frequency hopping at Tx side and related configuration are not required. On the other hand, if not, the dedicated DL PRS for RedCap devices is required. In such case, to minimize the overhead of the dedicated DL PRS, the introduction of Tx bandwidth hopping with partial overlap as same as Rx side will be desirable.
Observation 2: For DL PRS transmission at gNB, the necessity of Tx frequency hopping with dedicated resources for RedCap devices depends on whether PRS can shared between the non-RedCap devices (which always assume full bandwidth PRS transmissions) and RedCap devices or not.

Conclusion
In this contribution, we have the following proposal and observations:
Proposal 1: For UL SRS for positioning on RedCap devices, partial overlap Tx frequency hopping of adjacent hops should be supported
Observation 1: For DL PRS reception at RedCap devices, partial overlap Rx frequency hopping of adjacent hops is valid to achieve enough positioning accuracy on DL positioning
Observation 2: For DL PRS transmission at gNB, the necessity of Tx frequency hopping with dedicated resources for RedCap devices depends on whether PRS can shared between the non-RedCap devices (which always assume full bandwidth PRS transmissions) and RedCap devices or not.
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