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[bookmark: _Ref506539118]Introduction
At the RAN1#114 meeting, the following agreements were made regarding enhancements for positioning support of RedCap UEs [1]:
Agreement
PRS Rx frequency hopping for RRC_INACTIVE state and for RRC_IDLE state is supported for a RedCap UE.
Agreement
For the SRS Tx hopping, both hopping patterns (i.e. one cycle containing all the hops) that can span across slots or fit within one slot are supported.
· FFS: determination of the starting symbol position for each hop
· FFS: duration of each hop
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 [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 [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
SRS for positioning with Tx hopping can be configured outside of the active UL BWP
· The configuration may include SCS, CP size and bandwidth (position and size), which can use a SCS, CP size and bandwidth different from the UL active BWP
Agreement
For SRS Tx hopping, the configuration includes:
· a hop bandwidth common to all hops
· FFS: possible values
· a single overlap value can be configured for all hops for the SRS resource
· FFS: possible values 
· The starting slot offset and starting symbol for the SRS resource with tx hopping (first hop)
· FFS: possible values  
· the starting slot offset and symbol for each of the hops following the first hop, 
· Note Up to ran2 to design signaling of the starting position for each hop, i.e. how the SRS resource configuration signaling indicates the starting slot offset and starting symbol for the hops following the first hop
· FFS: possible values 
· The number of consecutive symbols in a hop common to all hops
· FFS: possible values 
· The number of hops 
· FFS: possible values 
· UE does not expect to be configured for any hops across slot boundaries, i.e. the starting position + duration of a hop cannot exceed a slot duration
· FFS: whether/how special handling for the last hop overlap
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
In the contribution, we present our views on remaining issues for positioning for RedCap UEs. 
Measurement reporting
At the RAN1#113 meeting, it was agreed that a single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning, and one measurement where the measurement is associated with one received hop are supported. Further, it was agreed that more measurements where each measurement is associated with one received hop are not supported for PRS and positioning SRS with frequency hopping [2]. 
The main motivation of supporting a single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning is to achieve accurate positioning measurement through coherent processing of an equivalent wideband reference signal. For one measurement based on a single hop, this may be beneficial if one of the hops is dropped due to collision with other DL/UL channels and signals. In this case, receiver may not be able to coherently combine all the hops for positioning measurement, however, if advanced algorithm, e.g., MUSIC is implemented at the receiver, targeted positioning performance based on a single hop measurement may still be achieved.  
In case of DL PRS or UL SRS for positioning with frequency hopping for RedCap UEs, it may not be desirable to support the positioning measurements based on single hop and multiple hops in a single measurement report. For proper operation, measurements associated with multiple hops should be considered as default mode of operation, while measurements associated with single hop may be reported only when one of the hops is dropped. Toward this direction, positioning measurements based on single hop and multiple hops are separately reported.
Further, for measurement reporting based on single hop, it may not be appropriate to report the detailed hop information, e.g., hop ID or frequency resource in the hop for positioning measurement. For instance, as Rx frequency hopping pattern for DL PRS may not be specified, and it is up to UE implementation how to perform Rx frequency hopping, detailed frequency resource information may need to be included in the measurement report, which would substantially increase the reporting overhead. In this regard, a simple indication of whether the positioning measurements are based on single hop or multiple hops may be adequate.  
Proposal 1
· For DL PRS or UL SRS for positioning with frequency hopping, positioning measurements based on single hop and multiple hops are separately reported. 
· An indication of “single-hop” and “multiple-hop” can be included in the measurement report. 

Support of PPW for PRS with Rx frequency hopping
At the RAN1#112 meeting, it was agreed that measurements on DL PRS with Rx frequency hopping using a measurement gap are supported for RedCap UEs. It is for further study whether PPW can be applied for DL PRS with frequency hopping for RedCap UEs [3]. 
In Rel-17, PPW was introduced to facilitate low latency positioning applications, where UE measures DL PRS within an active BWP. However, for DL PRS with Rx frequency hopping, the primary objective is to enable higher positioning accuracy rather than optimizing for positioning latency. As RedCap UEs may need to perform frequency hopping outside of the active BWP for positioning measurement, it is unclear whether considering PPW for PRS measurement for RedCap UEs would be beneficial. Further, it was agreed at the RAN#112 meeting to decouple BWP switching from DL PRS Rx or UL positioning SRS Tx frequency hopping. 
Considering that PPW is designed based on the BWP principle, it may not be appropriate to support PPW-based measurement for DL PRS with Rx frequency hopping for RedCap UEs. 
Proposal 2
· For DL PRS with Rx frequency hopping for RedCap UEs, only MG-based measurement is supported.  

Frequency hopping for positioning SRS for RedCap UEs
Support of SP/A-SRS for positioning with frequency hopping
At the RAN1#112b-e meeting, it was agreed that for RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource [4]. The design concept is similar to SRS for MIMO, where intra-slot and inter-slot frequency hopping can be configured within an SRS resource. 
In Rel-16, periodic, semi-persistent and aperiodic SRS transmission for positioning were defined, which can be applied in various use cases and scenarios. By following the same design principle, periodic, semi-persistent and aperiodic SRS transmission can be supported for SRS for positioning with frequency hopping for RedCap. Given that SRS for positioning with Tx frequency hopping is configured within an SRS resource, existing signalling mechanism for activation/deactivation and triggering of SRS for positioning with frequency hopping can be largely reused. 
Proposal 3
· Semi-persistent and aperiodic SRS transmission are supported for SRS for positioning with Tx frequency hopping for RedCap UEs. 

Configuration of positioning SRS with frequency hopping
At the RAN1#114 meeting, the detailed frequency hopping configuration for positioning SRS for RedCap UEs was agreed as follows [1]:
	Agreement
For SRS Tx hopping, the configuration includes:
· a hop bandwidth common to all hops
· FFS: possible values
· a single overlap value can be configured for all hops for the SRS resource
· FFS: possible values 
· The starting slot offset and starting symbol for the SRS resource with tx hopping (first hop)
· FFS: possible values  
· the starting slot offset and symbol for each of the hops following the first hop, 
· Note Up to ran2 to design signaling of the starting position for each hop, i.e. how the SRS resource configuration signaling indicates the starting slot offset and starting symbol for the hops following the first hop
· FFS: possible values 
· The number of consecutive symbols in a hop common to all hops
· FFS: possible values 
· The number of hops 
· FFS: possible values 
· UE does not expect to be configured for any hops across slot boundaries, i.e. the starting position + duration of a hop cannot exceed a slot duration
· FFS: whether/how special handling for the last hop overlap


 
However, this agreement was not captured in the editor CR in TS38.214 [5]. In order to address this issue, the following TP is proposed for configuration of positioning SRS with frequency hopping for RedCap UEs.

	------------------------------   TP#1: TS 38.214 -----------------------------------
6.2.1.4	UE sounding procedure for positioning purposes
< Unchanged text omitted >
The reduced capability UE may be configured via [higher layer parameter], subject to UE capability, to perform transmit frequency hopping separate from the UL BWP configuration and outside of the UL BWP, where the UE may be configured with subcarrier spacing, CP and bandwidth that are different from the UL active BWP. The reduced capability UE transmit frequency hopping is configured within one SRS resource for positioning, that may be configured with a bandwidth larger than the maximum bandwidth of the reduced capability UE, in RRC_CONNECTED or RRC_INACTIVE mode. The reduced capability UE transmit frequency hopping, may be configured with overlapping or non-overlapping frequency hops in the frequency domain. When the reduced capability UE is configured to perform transmit frequency hopping it expects to be configured with via [higher layer parameter] with the starting PRB of the first frequency hop.
-	the starting PRB of the first hop via [higher layer parameter],
-	the hop bandwidth via [higher layer parameter],
-	the number of overlap PRBs between hops via [higher layer parameter],
-	the starting slot offset and starting symbol of each hop via [higher layer parameter],
-	the number of consecutive symbols in each hop via [higher layer parameter],
-	the number of hops via [higher layer parameter].
< Unchanged text omitted >




Proposal 4:
· Agree on TP#1 for configuration of positioning SRS with frequency hopping for RedCap UEs. 

Collison handling for RedCap UEs
Collision handling of positioning SRS with frequency hopping
At the RAN1#114 meeting, it was agreed to support a UL time window where the UE is not expected to transmit other signals/channels and is only expected to transmit FH SRS for positioning. Further, UL time window for UL SRS for positioning with Tx hopping is periodic and configured with starting SFN, slot and symbol number, periodicity and duration [1]. Figure 1 illustrates UL time window for collision handling of positioning SRS with frequency hopping.
[image: ]
[bookmark: _Ref133826685]Figure 1. UL time window (Option 1) for collision handling of positioning SRS with frequency hopping.
As periodic UL time window is configured, it may be difficult to avoid the collision between SSB and positioning SRS with frequency hopping within an UL time window, especially when considering the TDD system. Otherwise, this may impose certain restriction on the configuration of the periodic UL time window or SSB transmission. In this regard, when SSB symbols (corresponding to either CD- or NCD-SSB) collide with one of the hops for positioning SRS transmission within an UL time window, the hop for positioning SRS with frequency hopping should be dropped. Note that handling of potential collisions in symbols with SSBs from neighbouring cells that may be within SMTC windows are addressed in TS 38.133 and if any further enhancements are needed in view of SRS for positioning transmissions with frequency hopping, they can be expected to be addressed by RAN4.
Proposal 5
· For collision handling of positioning SRS with frequency hopping, for Option 1 (UL time window)  
· For TDD, when SSB symbols including the switching period collide with one of the hops for positioning SRS transmission, the SRS on the hop is dropped. 

For Option 2, new collision handling between the UL SRS with frequency hopping and other UL and DL signals/channels may need to be defined on top of existing collision handling rule. As indicated in the reply LS from RAN4, switching time of {70us, 140us, 210us} is introduced for DL PRS Rx and UL SRS Tx frequency hopping in FR1 [6], and {35us, 70us, 140us} is considered as starting point for FR2 [7]. In this regard, when switching period of associated SRS transmission overlaps with other uplink transmission with higher priority, new collision handling rule needs to be introduced, which can be similar to what was defined for SRS transmission with antenna switching.
In particular, when UL time window is not configured/activated for positioning SRS with frequency hopping, switching period associated with transmission of positioning SRS with frequency hopping has same priority as the corresponding positioning SRS. Figure 2 illustrates one example of collision handing between SRS with frequency hopping and PUCCH. In the example, SRS switching period due to frequency hopping overlaps with PUCCH carrying HARQ-ACK feedback. Considering same priority handling for SRS and associated switching period, the SRS before and after the switching period is dropped. 
[image: ]
[bookmark: _Ref125358398]Figure 2. Collision handling (Option 2) between SRS with frequency hopping and PUCCH.
Proposal 6
· For collision handling of positioning SRS with frequency hopping, for Option 2 (new collision rules)
· Switching period associated with transmission of positioning SRS with frequency hopping has same priority as the corresponding positioning SRS.

Collision handling of PRS for HD-FDD RedCap UEs
In Rel-17, a class of RedCap device was introduced to limit device complexity and reduce power consumption. In addition, HD-FDD RedCap UE was specified to further reduce device complexity and power consumption by replacing a duplexer with a switch. However, due to the fact that the HD-FDD RedCap UE cannot receive and transmit simultaneously in the DL and UL carriers, collision handling rule was defined for DL PRS and SRS when overlapping with other UL or DL channels/signals. For instance, when DL PRS overlaps with dynamically scheduled UL transmission, a HD-FDD RedCap UE does not receive DL PRS. 
Note that collision handling was also specified in Rel-17 for scenarios where DL PRS overlaps with other DL channels/signals within a configured positioning processing window (PPW) outside of the measurement gap. For HD-FDD RedCap UE, it would be necessary to address scenarios involving time-overlaps between DL PRS and UL signals and channels within a PPW outside the measurement gap. To simplify the specification effort, a similar collision handling rule between DL PRS and other DL channels/signals may be applied. 
It should be noted that even if DL PRS reception using frequency hopping is restricted to within MGs, the handling of collisions when receiving DL PRS within a PPW would need to be addressed at least for the case where DL PRS is configured without Rx frequency hopping. 
Proposal 7
· For HD-FDD RedCap UE, collision handling between DL PRS and UL channels/signals within a configured PPW needs to be addressed at least for the case where DL PRS is configured without Rx frequency hopping.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on remaining issues for positioning for RedCap UEs. Further, we summarize the proposals as follows:
Proposal 1
· For DL PRS or UL SRS for positioning with frequency hopping, positioning measurements based on single hop and multiple hops are separately reported. 
· An indication of “single-hop” and “multiple-hop” can be included in the measurement report. 
Proposal 2
· For DL PRS with Rx frequency hopping for RedCap UEs, only MG-based measurement is supported.  
Proposal 3
· Semi-persistent and aperiodic SRS transmission are supported for SRS for positioning with Tx frequency hopping for RedCap UEs. 
Proposal 4:
· Agree on TP#1 for configuration of positioning SRS with frequency hopping for RedCap UEs. 
Proposal 5
· For collision handling of positioning SRS with frequency hopping, for Option 1 (UL time window)  
· For TDD, when SSB symbols including the switching period collide with one of the hops for positioning SRS transmission, the SRS on the hop is dropped. 
Proposal 6
· For collision handling of positioning SRS with frequency hopping, for Option 2 (new collision rules)
· Switching period associated with transmission of positioning SRS with frequency hopping has same priority as the corresponding positioning SRS.
Proposal 7
· For HD-FDD RedCap UE, collision handling between DL PRS and UL channels/signals within a configured PPW needs to be addressed at least for the case where DL PRS is configured without Rx frequency hopping.
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