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[bookmark: _Ref513464071]Introduction
In RAN#98, the following descriptions for RedCap UE positioning for WID were agreed [1]. In addition, agreements were made during RAN1#112b-e [2].
	· 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].



In this contribution, enhancements necessary to support positioning of RedCap UEs are described, considering the agreements made in RAN1#113 [2].
[bookmark: _Hlk101726869]Configuration of PRB overlap
The following agreement was made in RAN1#113. Details related to the amount of overlap between hops in the frequency domain need to be resolved.
	Agreement
For the SRS Tx hopping pattern configuration support at least the staircase pattern, including a wrapped staircase pattern.
· Support configuring the starting PRB of the first hop
· FFS: details of signalling of PRB overlap across consecutive hops and bandwidth of each hop


Overlapping bandwidth between hops was considered during SI [3] such that the receiver can maintain phase continuity between hops. It should be noted that the amount of overlapped bandwidth may depend on the amount of phase discontinuity between hops. For example, if a time gap between consecutive hops is long, the amount of overlap in the bandwidth between two consecutive hops may need be large such that the receiver can perform coherent combining of hops. On the other hand, if a time gap between consecutive is short, there may not be a need to have overlap between two consecutive hops in the frequency domain due to relatively shorter coherence time of the channel. Dependency between the overlap of bandwidth and a time gap between two consecutive hops should be studied. Thus the following proposal is made.
Proposal 1: The amount of overlapped bandwidth is associated with gap between two consecutive frequency hops for UL frequency hopping and Rx frequency hopping
Measurements for DL Rx hops
The following agreement was made in RAN1#113.
	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 [or more] measurements where each 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”. 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 Figure 1
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. 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

 
[bookmark: _Ref131674326]Figure 1 Hop-pairwise measurement of RSTD
The network can configure the normal PRS transmission (e.g., Rel. 16/17 PRS) and the UE can be configured with a Rx hopping. The advantage of this approach is that the conventional positioning transmission parameters can be reused, while allowing the RedCap UE to perform measurements over the bandwidth the RedCap UE is capable of measuring. 
In Rel. 17, both measurement gap and PRS processing window are supported to allow the UE to receive and process measurements for DL-PRS. Both measurement gap and PRS processing window are applicable for reception and processing of PRS hops. Similarly, Rx hopping can be supported during the measurement gap and PRS processing window. Since it is assumed that R16/R17 repetition based PRS transmission is configured with Rx hopping, PRS prioritization should be applicable to PRS. During the prioritization window, the UE will be expected to prioritize reception of DL signals/channels with higher priority than PRS. Thus, the following proposal is made:
Proposal 5: The UE can be configured with PRS processing window(s) to receive PRS via Rx hopping

Frequency hopping with SRS
Option 1 : UL time window
In RAN1#113, the following agreement was made where both Option 1 (UL time window) and Option 2 (prioritization) are supported. During the UL time window, other than frequency hopping with SRS, the UE is prohibited to transmit UL signals or channels.
	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 [receive/]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 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.


One unresolved issue under Option 1 is whether to prohibit reception of other DL signals or channels. In a TDD scenario, the UL time window can encompass both DL and UL slots. Prohibiting DL channels can delay scheduling of UL transmissions, increasing latency in positioning or communication. Thus the following observation is made.
Observation 1: Prohibiting DL reception during the UL time window can cause significant delay in positioning or communication in TDD
Based on the above observation, the following proposal is made.
Proposal 6: Do not support prohibition of reception during the UL time window : modify Option 1 from the agreement in RAN1#113 as follows : “Option 1: UL time window where the UE is not expected to [receive/]transmit other signals/channels and is only expected to transmit FH SRS for positioning.”
In TDD, the time window should cover both downlink slots and uplink slots. The configured duration of the time window should indicate start and end time or duration of the window which should encompass both downlink and uplink slots. As SRS for positioning can be periodic, the configured time window should be periodic. Since the time window should be aligned with periodicity of SRS for positioning, periodicity can be one of the configurations for the UL time window.
Proposal 7: Configuration for a UL time window should include at least start time and duration
Proposal 8: Configuration for a UL time window can include periodicity
Based on the above proposal, in TDD, since only UL transmission, other than frequency hopping using SRS, is prohibited there is a need to start and stop the UL time window. Specifically, the UL time window needs to stop at the downlink slots and restart at uplink slots.
Proposal 9 : A UL time window can encompass both downlink and uplink slots in TDD
Proposal 10: A UL time window stops before a downlink slot and restarts at the next earliest uplink slot
Moreover, if the UE is scheduled with PUCCH or PUSCH transmission inside the UL time window, the UE should drop the transmission.
Proposal 11: The UE should drop transmission of PUCCH or PUSCH that is scheduled within the UL time window
Option 2 : Prioritization
One of the collision scenario is illustrated in Figure 2 where high priority transmission is scheduled between the gap between two SRSp hops. Since it is critical that the UE can maintain phase continuity between hops, collision between the gap between hops and higher-priority UL transmission should also be considered.
Proposal 12: Adopt collision rules between higher-priority UL channel/signal transmission and gap between SRS for positioning hops

[image: ]
[bookmark: _Ref141864889]Figure 2 Collision between SRS hop and 

Conclusion.
In this contribution, the following proposals and observation are made.
Observation 1: Prohibiting DL reception during the UL time window can cause significant delay in positioning or communication in TDD
Proposal 1: The amount of overlapped bandwidth is associated with gap between two consecutive frequency hops for UL frequency hopping and Rx frequency hopping
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: The UE can be configured with PRS processing window(s) to receive PRS via Rx hopping
Proposal 6: Do not support prohibition of reception during the UL time window : modify Option 1 from the agreement in RAN1#113 as follows : “Option 1: UL time window where the UE is not expected to [receive/]transmit other signals/channels and is only expected to transmit FH SRS for positioning.”
Proposal 7: Configuration for a UL time window should include at least start time and duration
Proposal 8: Configuration for a UL time window can include periodicity
Proposal 9 : A UL time window can encompass both downlink and uplink slots in TDD
Proposal 10: The UL time window stops before downlink slots and restarts at the next earliest uplink slot
Proposal 11: The UE should drop transmission of PUCCH or PUSCH that is scheduled within the UL time window
Proposal 12: Adopt collision rules between higher-priority UL channel/signal transmission and gap between SRS for positioning hops
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