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Introduction
In this contribution, we provide our views on remaining issues on PRS/SRS frequency hopping to achieve RedCap UE positioning [1].

Remaining issues
2.1 Measurement reporting
In RAN1#113 meeting, the following agreement was made to update previous agreement on measurement reporting:
	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



Based on the agreement, there are still some remaining issues on hop indication and report of the two kinds of measurements. 
Hop indication
During the meeting, there were discussions on which hop(s) are used to perform single-hop or multiple-hop measurements. 
In our views, we don’t think such hop indication is needed. For the single-hop measurement, as the UE Rx hopping pattern should be up to UE implementation, indicating that the NW has no idea of the hopping pattern, therefore, how the used hop is indicated and how the LMF can make use of the hop indication are not clear. In addition, regarding the hop indication for multiple-hop measurements, similarly, we are not clear what benefits can get if LMF know the hops used for performing multiple-hop measurements.
Proposal 1: For DL Rx hopping or UL Tx hopping, NO need to include the following contents in a measurement report:
· Indication of which hop is used for a single-hop measurement;
· Indication of which hops are used for multiple-hop measurement.

Reporting of measurements based on single hop and/or multiple hops
In addition, reporting of a single-hop measurement separately or together with a multiple-hop wideband measurement was also discussed during RAN1#113 meeting, without consensus achieved. The latest intermediate FL proposals were recapped as below:
	separate measurement:
Proposal 3.3-2: DL and UL measurements associated with one received hop are reported separately from the measurement based on multiple hops. 
· FFS: Conditions for reporting the single hop measurement as fallback to the multi-hop measurement

Only as fallback:
Proposal 3.3-3: a fallback DL or UL measurement associated with one received hop can be reported separately from the measurement based on multiple hops, when the measurement based on multiple-hops measurement fails.


In our views, it is more reasonable that a UE or gNB reports a single-hop or a multiple-hop measurement, the benefits to report both are not clear. In addition, we don’t think the single-hop measurement should only be the fallback of a multiple-hop measurement. We think that even if the LMF requests a multiple-hop measurement, it could be cases that UE/gNB can obtain good measurements based on one received hop, and it can up to UE/gNB to determine which kind of measurement is reported, and hence no conditions for reporting the single hop measurement are needed to be further considered.
Proposal 2: DL and UL measurements associated with one received hop are reported separately from the measurement based on multiple hops.
· Note: Up to UE/gNB to report the single hop measurement instead of the multiple-hop measurement.

[bookmark: _Ref31533076]2.2 PRS frequency hopping
In RAN1#112 meeting, the following agreement was made that at least support measurement on DL PRS Rx frequency hopping using a MG:
	Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap
· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG
· FFS: the use of a single or multiple instances of a MGs
FFS: the use of PPW


During previous RAN1 meetings, rounds of discussions were taken regarding whether to support PPW-based DL PRS measurement with Rx frequency hopping but no consensus was achieved. In our views, to enable PPW-based DL PRS measurement with Rx frequency hopping, more specification workload is expected. In the current specification, PPW is (pre-)configured per BWP. To support PPW-based DL PRS measurement for RedCap UE, potential BWP switching should be introduced. However, similar as the issue to enhance SRS frequency hopping, as we discussed in Section 3, the current BWP configuration and switching mechanism cannot be directly extended, and therefore large RAN1 workload will be introduced. We don’t think such issue should be treated as high priority in the maintenance phase, and we prefer to close this issue. On the other hand, the advantages of supporting PPW-based DL PRS measurement with Rx frequency hopping is not clear. During the discussion, it was argued that PPW-based DL PRS measurement has lower positioning latency than that of the MG-based case. To our understanding, however, it is the positioning accuracy not latency to be the target of RedCap UE positioning, and we prefer to treat PPW-based DL PRS measurement with low priority.
Proposal 3: For RedCap UEs, the PPW-based DL PRS measurement with Rx frequency hopping is NOT supported in Rel-18.

2.3 SRS frequency hopping 
Collision rule
In the last RAN1 meeting, the following agreement on collision rules for SRS Tx frequency hopping was reached, where both Option 1 and Option 2 are supported to handle the collision:
	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.



Based on the agreement, details on the collision rule are still FFS. In our views, the following collision rule can be considered to determine the UE behaviour when the SRS resources for Tx frequency hopping collides with other UL/DL channels/signals, which reuses the mechanism of SRS carrier switching as a starting point. To be specific, considering the dynamic scheduling and Type 2 configured grant, a processing time T can be defined, e.g., up to UE capability or by specification, which is a time for UE preparation time for SRS for Tx frequency hopping transmission and BWP switching. In case that a DCI scheduling a DL/UL data before T and it collides with the SRS resources for Tx frequency hopping, the UE drops SRS for Tx frequency hopping; otherwise, UE ignores the scheduled UL/DL data. On the other hand, considering Type 1 configured grant scheduling, as regular SRS always have lower priority than other channels/signals, we prefer to reuse the rule and drop SRS for Tx frequency hopping when collision occurs.


Figure 1: Illustration of collision rules between SRS for Tx frequency hopping and other channels/signals.
Proposal 4: For RedCap UEs positioning transmitting the UL SRS with frequency hopping, support to define additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels:
· If SRS resources for Tx frequency hopping collides with a Type 1 configured grant of UL/DL channels/signals, UE drops SRS resources for Tx frequency hopping; 
· If a DCI scheduling a dynamic grant or Type 2 configured grant of UL/DL channels/signals arrives before T ahead of the first symbol of SRS resources for Tx frequency hopping, and collides with SRS resources for Tx frequency hopping, UE drops SRS resources for Tx frequency hopping; otherwise, UE drops the schedule UL/DL channels/signals;
· T is a preparation time for transmission of SRS resources for Tx frequency hopping and switching time.

Text proposal
3.1 Corrections on SRS Tx hopping configuration
In the last RAN1 meeting, the following agreement on SRS Tx frequency hopping configuration has been approved:
	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


We think that at least the yellow highlighted part should be captured in Clause 6.2.1.4 in TS 38.214. Therefore, we propose the following changes to the CR [2]:
Proposal 5: Adopt the following text proposal:
--------------------------<Start of text proposal for TS 38.214>--------------------------
6.2.1.4              UE sounding procedure for positioning purposes
-------------------------- 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 via [higher layer parameter] with the starting PRB of the first frequency hop. When the reduced capability UE is configured to perform transmit frequency hopping, it does not expect to be configured with [StartingSymbol] and [Length] a hop that exceeds a slot duration.
--------------------------<End of text proposal for TS 38.214>--------------------------


Conclusions
In this contribution, we provide our views on remaining issues of RedCap UE positioning, and the following proposals are made:
Proposal 1: For DL Rx hopping or UL Tx hopping, NO need to include the following contents in a measurement report:
· Indication of which hop is used for a single-hop measurement;
· Indication of which hops are used for multiple-hop measurement.
Proposal 2: DL and UL measurements associated with one received hop are reported separately from the measurement based on multiple hops.
· Note: Up to UE/gNB to report the single hop measurement instead of the multiple-hop measurement.
Proposal 3: For RedCap UEs, the PPW-based DL PRS measurement with Rx frequency hopping is NOT supported in Rel-18.
Proposal 4: For RedCap UEs positioning transmitting the UL SRS with frequency hopping, support to define additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels:
· If SRS resources for Tx frequency hopping collides with a Type 1 configured grant of UL/DL channels/signals, UE drops SRS resources for Tx frequency hopping; 
· If a DCI scheduling a dynamic grant or Type 2 configured grant of UL/DL channels/signals arrives before T ahead of the first symbol of SRS resources for Tx frequency hopping, and collides with SRS resources for Tx frequency hopping, UE drops SRS resources for Tx frequency hopping; otherwise, UE drops the schedule UL/DL channels/signals;
· T is a preparation time for transmission of SRS resources for Tx frequency hopping and switching time.
Proposal 5: Adopt the following text proposal:
--------------------------<Start of text proposal for TS 38.214>--------------------------
6.2.1.4              UE sounding procedure for positioning purposes
-------------------------- 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 via [higher layer parameter] with the starting PRB of the first frequency hop. When the reduced capability UE is configured to perform transmit frequency hopping, it does not expect to be configured with [StartingSymbol] and [Length] a hop that exceeds a slot duration.
--------------------------<End of text proposal for TS 38.214>--------------------------
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