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1 Introduction

In RAN#98, the following descriptions for WID were agreed [1]. Signalling designs for positioning of RedCap UEs, bandwidth aggregation and carrier phase-based positioning are needed to support the functionalities.
	· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)

· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].

· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.

· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].

· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].

· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].

· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).

· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].

· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].

· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.

· Specify measurements that are limited to a single carrier/PFL. 

· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements without measurement gaps in connected and inactive mode (including PRS measurement period/reporting) and procedures [RAN4].


In this contribution, discussion topics related to RedCap positioning, carrier phase positioning, and bandwidth aggregation for positioning in RAN2 are addressed. The progress on the aforementioned topics made in RAN1#114 [2] and their impacts on RAN2 work are discussed in this contribution.
2 Potential enhancements for positioning for RedCap UEs
Frequency hopping has been agreed to be specified in the Rel. 18 WID. Specification support related to physical layer need to be identified first. For example, for TX hopping to transmit PRS or SRS for positioning, details related to signalling of frequency hopping should be discussed in RAN2. 
The following agreements were made in RAN1#114 [2]. A transmission window for transmission of frequency hopping for SRS for positioning has been agreed to be supported. Duration and or periodicity of the window may depend on the duration of the sequence. Thus, RAN2 can wait for RAN1 to make progress on the details of the hopping sequence, e.g., number of hops in a sequence, duration of the sequence.
	Agreement
the RAN1#113 agreement is amended as follow
Agreement
For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, support both of the following options 

· Option 1: UL time window where the UE is not expected to []transmit other signals/channels and is only expected to transmit FH SRS for positioning.

· FFS details of an UL time window

· Note: it implies that UE drops the transmission of other signals/channels and transmits SRS for positioning
· Option 2: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without [or outside] UL time window (i.e. option 1)

· FFS: details on the collision rules

· Note: it is understood that option 2 is a component of the feature for UL SRS Tx hopping (FG 41-5-2), and option 1 is a separate feature group.
Agreement
The UL time window for UL SRS for positioning with Tx hopping can be configured to be periodic with configurable starting SFN, slot and symbol number, periodicity, duration

· FFS values for starting SFN, slot and symbol number, periodicity and duration




Proposal 1: RAN2 should wait for RAN1 to finalize potential enhancements for the UL time window for RedCap UEs
The following agreement was made in RAN1#113 [3] regarding measurement report for DL Rx hopping or UL Tx hopping.
	Agreement
The previous agreement is updated as follows:

Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:

· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning

· One measurement where a measurement is associated with one received hop

· FFS: indication of how many received hops / which received hops where used in the measurement report.

· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together


One of the FFS point is “FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together” which was not resolved in RAN1. The UE or gNB can decide whether to report the measurements coherently or per-hop basis based on the reception status. If all hops in a pattern are received, the UE reports coherently combined measurements. If not all hops in a pattern are received, the UE reports one or more measurements where each measurement is associated with one received hop. An example of hop-pairwise RSTD is shown in our companion contribution [6]. Such measurement will provide the LMF more detailed information about how the UE or gNB obtained timing or power measurements from Rx or Tx frequency hopping, respectively.
Proposal 2: If not all hops in a pattern are received, the UE or gNB reports one or more measurements where each measurement is associated with one received hop of DL PRS or UL SRS for positioning
Proposal 3: If all hops in a pattern are received, the UE or gNB reports coherently combined measurements (e.g., single measurement based on receiving multiple hops of DL PRS or UL SRS for positioning)

Another FFS point is whether the UE includes indication of how many received hops / which received hops where used in the measurement report. In the FL summary [7] during RAN1#114, the following proposal was made.

	Proposal 2.2.1-1: 

For measurements based on DL PRS with Rx frequency hopping or UL SRS with Tx hopping, the UE/gNB can additionally report   

· Indication of which hop(s) were used to produce the DL positioning measurement for UE reported DL positioning measurements 

· Indication of which hop(s) were used to produce the UL positioning measurement for gNB reported UL positioning measurements. 

FFS: how to indicate the reported hops. Solutions include but are not limited to hop ID, hop bandwidth or total measured bandwidth, with or without starting PRB, total measured bandwidth. 


To provide more details for the LMF, the UE can include ID of received hop(s) in the measurement report.
Proposal 4: The UE includes the identity of received hop(s) in the measurement report
3 Carrier phase positioning
In NRCP agenda item, the following agreement was made in RAN1#114. 
	Agreement
For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, the timestamp associated with the PRU carrier phase measurements should also be forwarded in positioning assistance data.


According to the above agreement, for UE-based positioning, the UE can receive measurements made by the PRU. The measurements can be forwarded by the LMF. However, it is not clear whether the measurements made by the PRU can be forwarded to the UE automatically or forwarded to the UE when the UE makes a request for measurement forwarding. From our perspective, the measurement forwarding can be done per request basis from the UE since automatic measurement forwarding may create additional computational load for the LMF.
Proposal 5: If requested by the UE, PRU measurements are forwarded to the UE by LMF
4 Bandwidth aggregation for positioning
Aggregation of bandwidth for positioning is beneficial for increasing accuracy for timing-based positioning. The following agreement and conclusion were made in RAN1#112 and RAN1#112b-e, respectively. As shown in the conclusion, the content of the on-demand can be discussed in RAN2.
	Agreement
· Support LMF-initiated and UE-initiated on-demand PRS request for PRS bandwidth aggregation

· FFS details

· Support preconfigured on-demand PRS across PFLs for PRS bandwidth aggregations

· FFS details
Conclusion
The details for on-demand PRS on PRS bandwidth aggregation are up to RAN2 and RAN3.


One of the requests for on-demand bandwidth aggregation can be the number of frequency layers to be aggregated. The UE can send a request to the LMF to configure requested number of frequency layers for PRS. It is still up to the LMF whether to configure the requested number of frequency layers.
Proposal 6: RAN2 studies the content of the on-demand request from the UE to the LMF for PRS frequency layer aggregation.
5 Conclusion

Proposal 1: RAN2 should wait for RAN1 to finalize potential enhancements for the UL time window for RedCap UEs
Proposal 2: If not all hops in a pattern are received, the UE or gNB reports one or more measurements where each measurement is associated with one received hop of DL PRS or UL SRS for positioning
Proposal 3: If all hops in a pattern are received, the UE or gNB reports coherently combined measurements (e.g., single measurement based on receiving multiple hops of DL PRS or UL SRS for positioning)

Proposal 4: The UE includes the identity of received hop(s) in the measurement report
Proposal 5: If requested by the UE, PRU measurements are forwarded to the UE by LMF

Proposal 6: RAN2 studies the content of the on-demand request from the UE to the LMF for PRS frequency layer aggregation.
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