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[bookmark: _Ref506539118]Introduction
At the RAN1#114bis meeting, the following agreements were made regarding enhancements for positioning support of RedCap UEs [1]:
Agreement
For SRS Tx hopping, the configuration parameters values are:
· For the hop bandwidth common to all hops
· Configuration re-uses C_SRS
· The values of C_SRS in legacy SRS for positioning such that the maximum bandwidth is: 104 PRBs, 48 PRBs, 132 PRBs, 64 PRBs, for 15,30,60,120 KHz respectively when B_SRS equal 0. 
· For the starting RB of the first hop in time domain:
· Configuration re-uses the IE freqDomainShift
· The range is {0,268} RBs
· For the single overlap common to all hops for the SRS resource
· The value can be 0,1,2,4 RBs
· Note: This is a new IE 
· For the starting slot offset and starting symbol for the SRS resource with tx hopping (first hop in time)
· The value range is {0,1,2…, nrof slot in periodicity} in slots for the slot offset
· Note: this is for the periodic [and semi-persistent] SRS
· Starting symbol: {0,1,2,…13} in symbol
· Starting slot reuses the SRS-PeriodicityAndOffset IE
· Starting symbol reuses the starting position startPosition in the IE resourceMapping
· The starting slot offset and symbol for each of the hops following the first hop in time, 
· FFS: The value range is {0,1,2…, nrof slot in periodicity} in slots for the slot offset
· Note: this is for the periodic [and semi-persistent] SRS
· Starting symbol: {0,1,2,…13} in symbol 
· this is a new IE
· The number of consecutive symbols in a hop common to all hops
· Values are 1,2,4,8 and 12 symbols
· Configuration re-uses the IE nrofsymbols in resourcemapping
· The number of hops 
· Values are 2,3,4,5,6 
· This is a new IE 
Working assumption 
For the SRS for positioning with Tx hopping wrapping pattern, the starting frequency for each symbol of the wrapped staircase pattern is configured by:

a new offset nFH is added to the the exisiting equation for the starting frequency , where 

 Where:
-  is the frequency hop index of the initial hop. 
- FFS whether this is signaled as a new parameter.
-  is the SRS hop transmission counter in time domain
- is the configured number of hops
- is the configured hop bandwidth, in number of RBs
- is the configured common overlap between two hops, in number of RB(s).
In the definition of the starting PRB of the SRS , the starting PRB is configured as:
· In k0,  nshift is replaced by startingPRBfirsthop - n0*( –)* 
Agreement
The UTW configuration applies to all SRS for positioning with Tx hopping configurations in the serving cell.
Agreement
The agreement below is updated by removing the bracket on “or outside” and adding one note.

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.
Note: UE is not expected to be configured with a SRS for positioning hopping cycle partially overlapping with UTW.
Agreement
For DL PRS Rx hopping, support the LMF to include an explicit request for DL PRS Rx hopping measurements and reporting in the location request signaling. 
The location information request can also optionally include the total bandwidth of all hops.
Agreement
With regards to the configuration of the UTW:
· the window parameters for periodicity and starting slot offset have the same candidate values as the periodicity and starting slot offset parameters for the SRS for positioning in the IE PeriodicityAndOffset 
· the duration of the window in slot is {1,2,4,6} slots
Agreement
For the collision rules of the SRS with Tx hopping (option2)
· If the SRS symbol(s), including the retuning time to/from the active BWP, collides with PUSCH or PUCCH, when UE determines that SRS with Tx hopping is to be dropped, the colliding SRS symbol(s) are dropped.
· FFS: timeline for determination of colliding channels/signals
· FFS: collisions with MIMO SRS
Agreement
TP 2.2-1 in section 2.2.1 of R1-2310430 is endorsed for TS 38.214 clause 5.1.6.5.
Agreement
The working assumption is revised as follow:
Working assumption 
For the SRS for positioning with Tx hopping wrapping pattern, the starting frequency for each symbol of the wrapped staircase pattern is configured by:

a new offset nFH is added to the the exisiting equation for the starting frequency , where 

 Where: (down-select at RAN1#115)
-alt1: is the frequency hop index of the initial hop (new configured parameter)

-alt2:  
· Note: The reference point for starting PRB of the first hop  and nshift is defined as lowest RB provided by the agreed configuration that may include SCS, CP size and bandwidth (position and size)

-  is the starting PRB of the first hop
- In k0, nshift is replaced by 
-  is the SRS hop transmission counter in time domain
- is the configured number of hops
- is the configured hop bandwidth, in number of RBs
- is the configured common overlap between two hops, in number of RB(s).
Agreement
SRS for positioning with Tx hopping can be configured to be periodic, aperiodic or semi-persistent
· The mechanism for aperiodic and semi-persistent SRS for positioning (DCI triggered and MAC-CE activation/deactivation, respectively) can be re-used
· For aperiodic SRS,
· The UE is configured with the slot offset for each hop, relative to the slot containing the DCI triggering the SRS for positioning with tx hopping
· Note: all the hops are within 32 slots from the DCI triggering the SRS for positioning with tx hopping
In the contribution, we present our views on remaining issues for positioning for RedCap UEs. 
Remaining issues on 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. 
· A single 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.  

Remaining issues on positioning SRS with frequency hopping
At the RAN1#114bis meeting, the detailed stair-cased frequency hopping pattern for positioning SRS for RedCap UEs was agreed. It is FFS on the determination of initial hop index  [1]. In particular, the following two alternatives were agreed for down-selection:
· Alt. 1: is the frequency hop index of the initial hop (new configured parameter)
· Alt. 2:  is the initial frequency hop index defined as  
It is evident that additional flexibility may be provided by Alt. 1 for separate configuration of starting PRB of the first hop and the initial hop index. This may unnecessarily complicate the design as the starting PRB of the SRS frequency hopping may need to be aligned even if these two parameters are separately configured. To simplify the specification effort, it would be more appropriate to support Alt. 2 so that the initial hop index can be determined according to the starting PRB of the first hop and hop bandwidth excluding overlapping PRBs. 
Proposal 3
· For the SRS for positioning with Tx hopping wrapping pattern, Alt. 2 is supported:
·  is the initial frequency hop index defined as  
In the editor CR in TS38.211 [4], the starting position in frequency domain  for SRS transmission in a hop is defined as follows. In particular, it is determined based on various factors, which include an offset from comb offset hopping. It should be noted that the comb offset hopping is introduced in Rel-18 MIMO, which is mainly aimed for interference randomization in C-JT scenarios. Further, the comb offset hopping is performed on a symbol basis, which may not be applicable for positioning SRS with frequency hopping. 
More specifically, when comb offset hopping is utilized for the transmission of positioning SRS, fully staggering pattern for positioning SRS may not be maintained, which would clearly degrade the positioning measurement performance. Hence, in our view, comb offset hopping as introduced in Rel-18 MIMO is not supported for positioning SRS with frequency hopping for RedCap UEs.

	The frequency-domain starting position  is defined by

where 

< omitted >
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

	where  and is the th entry and the cardinality of the set 

	respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise .
< omitted >



Proposal 4
· Comb offset hopping is not supported for positioning SRS with frequency hopping for RedCap UEs.

At the RAN1#114bis meeting, it was agreed that SRS for positioning with Tx hopping can be configured to be periodic, aperiodic or semi-persistent [1]. It should be noted that if a first hop of positioning SRS with frequency hopping is not within active UL BWP, timeline for scheduling of A-SRS for positioning needs to be updated. In particular, switching time needs to be included in the minimal time interval between the last symbol of PDCCH triggering A-SRS and the first symbol of SRS resource in the first hop. 
To capture this, the following TP for TS38.214 [5] is proposed for the timeline of aperiodic positioning SRS with frequency hopping for RedCap UEs.
	------------------------------   TP#1: TS 38.214 -----------------------------------
6.2.1.4.1	SRS frequency hopping for positioning
< Unchanged text omitted >
The reduced capability UE may be configured, via [higher layer parameter], subject to UE capability, with an UL time window where the UE is not expected to transmit other signals/channels and is only expected to transmit the SRS for positioning using frequency hopping. The UE is not expected to be configured with one [cycle]  of the transmit frequency hopping that is partially overlapped with the time window.
For aperiodic positioning SRS with Tx frequency hopping, a minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 symbols and an additional time duration corresponding to the switching time from the active uplink BWP if the first hop of the positioning SRS is outside the active UL BWP.
< Unchanged text omitted >



Proposal 5
· For aperiodic positioning SRS with frequency hopping, switching time is included in the minimal time interval between the last symbol of PDCCH triggering A-SRS and the first symbol of SRS resource in the first hop if the first hop is outside the active UL BWP. 
· Agree on TP#1 for the timeline of aperiodic positioning SRS with frequency hopping for RedCap UEs. 

Remaining issues on collision handling for RedCap UEs
[bookmark: _Hlk149249193]Collision handling of positioning SRS with frequency hopping
At the RAN1#114bis meeting, it was agreed that for Option 2, if the SRS symbol(s), including the retuning time to/from the active BWP, collides with PUSCH or PUCCH, when UE determines that SRS with Tx hopping is to be dropped, the colliding SRS symbol(s) are dropped. It is FFS on the collision handling with MIMO SRS [1]. 
As defined in the NR specification, when P/SP-SRS collides with A-SRS in the same symbol(s), the P/SP-SRS on the overlapped symbol(s) is dropped. Further, when P-SRS collides with SP-SRS in the same symbol(s), the P-SRS on the overlapped symbol(s) is dropped. This design principle can be extended for the collision handling of positioning SRS with frequency hoping for RedCap UEs, by considering the switching time to/from the active BWP. Hence, it may be reasonable to not only consider the collision handling between positioning SRS and PUCCH/PUSCH, but also between positioning SRS and MIMO SRS or SRS with different resource types or PRACH. 
It should be noted that in case of TDD system, collision handling between DL channels/signals and positioning SRS with frequency hopping also needs to be considered, which can be similar to what was defined for the transmission of positioning SRS in RRC_INACTIVE mode in Rel-17. 
Based on the discussions above, collision handling for positioning SRS with frequency hopping with other channels/signals for Option 2 can be updated as follows:
· In paired spectrum or SUL band, if the SRS symbol(s), including the switching time to/from the active BWP, collides with other UL signals or channels, when UE determines that SRS with Tx hopping is to be dropped, the colliding SRS symbol(s) are dropped.
· In unpaired spectrum, if the SRS symbol(s), including the switching time to/from the active BWP, collides with other DL signals or channels or UL signals or channels, when UE determines that SRS with Tx hopping is to be dropped, the colliding SRS symbol(s) are dropped.
To capture the update, the following TP for TS38.214 [5] is proposed for the collision handling of positioning SRS with frequency hopping for RedCap UEs.
	------------------------------   TP#2: TS 38.214 -----------------------------------
6.2.1.4.1	SRS frequency hopping for positioning
< Unchanged text omitted >
In paired spectrum or SUL band, ifIf the SRS symbol(s), including the switching time to or from the active uplink bandwidth part, of the transmit frequency hopping collides with other UL signals or channelsPUSCH or PUCCH including the switching time to or from the active uplink bandwidth part, and if the UE determines the SRS to be dropped, the colliding SRS symbol(s) are dropped. In unpaired spectrum, if the SRS symbol(s), including the switching time to or from the active uplink bandwidth part, of the transmit frequency hopping collides with other DL signals or channels or UL signals or channels and if the UE determines the SRS to be dropped, the colliding SRS symbol(s) are dropped.
< Unchanged text omitted >



Proposal 6
· For collision handling of positioning SRS with frequency hopping, for Option 2 (new collision rules)
· In paired spectrum or SUL band, if the SRS symbol(s), including the switching time to/from the active BWP, collides with other UL signals or channels, when UE determines that SRS with Tx hopping is to be dropped, the colliding SRS symbol(s) are dropped.
· In unpaired spectrum, if the SRS symbol(s), including the switching time to/from the active BWP, collides with other DL signals or channels or UL signals or channels, when UE determines that SRS with Tx hopping is to be dropped, the colliding SRS symbol(s) are dropped.
· Agree on TP#2 for the collision handling of positioning SRS with frequency hopping for RedCap UEs. 

It should be noted that the agreement that was made for collision handling Option 2 of positioning SRS with frequency hopping is mainly targeting for the case when positioning SRS is treated as lower priority and needs to be dropped due to prioritization rule. However, collision handling for the case when positioning SRS with frequency hopping is treated as higher priority when overlapping with other UL signals or channels is not discussed. For instance, as mentioned above, when A-SRS overlaps with P/SP-SRS, P/SP-SRS transmission is dropped on the overlapped symbol(s). 
Figure 1 illustrates the collision handling between A-SRS for positioning with frequency hopping and PUCCH. In this figure, as A-SRS including the switching time to the active UL BWP overlaps with PUCCH, e.g., carrying SP-CSI report, the PUCCH is dropped. 
[image: A diagram of a diagram

Description automatically generated]
[bookmark: _Ref149636364]Figure 1. Collision handling between A-SRS for positioning with frequency hopping and PUCCH

To cover this case, one straightforward approach is to follow the design principle for SRS with antenna switching, i.e., the same priority for the switching time to and from active UL BWP is considered for positioning SRS with frequency hopping for RedCap UEs. 
The following TP for TS38.214 [5] is proposed for the collision handling of positioning SRS with frequency hopping for RedCap UEs.
	------------------------------   TP#3: TS 38.214 -----------------------------------
6.2.1.4.1	SRS frequency hopping for positioning
< Unchanged text omitted >
If the SRS symbol(s), including the switching time to or from the active bandwidth part, of the transmit frequency hopping collides with PUSCH or PUCCH including the switching time to or from the active bandwidth part, and if the UE determines the SRS to be dropped, the colliding SRS symbol(s) are dropped.
When the UE is configured with the positioning SRS with Tx frequency hopping, and a switching time of Z symbols to/from the active uplink BWP, the UE shall use the same priority rules as defined in Clause 6.2.1 during the switching time as if the positioning SRS with Tx frequency hopping was configured.
< Unchanged text omitted >



Proposal 7
· For collision handling of positioning SRS with frequency hopping, for Option 2 (new collision rules), same priority rule during switching time to/from active UL BWP is defined for positioning SRS with Tx frequency hopping. 
· Agree on TP#3 for the collision handling of positioning SRS with frequency hopping for RedCap UEs. 

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 8
· 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. 
· A single 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
· For the SRS for positioning with Tx hopping wrapping pattern, Alt. 2 is supported:
·  is the initial frequency hop index defined as  
Proposal 4
· Comb offset hopping is not supported for positioning SRS with frequency hopping for RedCap UEs.
Proposal 5
· For aperiodic positioning SRS with frequency hopping, switching time is included in the minimal time interval between the last symbol of PDCCH triggering A-SRS and the first symbol of SRS resource in the first hop if the first hop is outside the active UL BWP. 
· Agree on TP#1 for the timeline of aperiodic positioning SRS with frequency hopping for RedCap UEs. 
Proposal 6
· For collision handling of positioning SRS with frequency hopping, for Option 2 (new collision rules)
· In paired spectrum or SUL band, if the SRS symbol(s), including the switching time to/from the active BWP, collides with other UL signals or channels, when UE determines that SRS with Tx hopping is to be dropped, the colliding SRS symbol(s) are dropped.
· In unpaired spectrum, if the SRS symbol(s), including the switching time to/from the active BWP, collides with other DL signals or channels or UL signals or channels, when UE determines that SRS with Tx hopping is to be dropped, the colliding SRS symbol(s) are dropped.
· Agree on TP#2 for the collision handling of positioning SRS with frequency hopping for RedCap UEs. 
Proposal 7
· For collision handling of positioning SRS with frequency hopping, for Option 2 (new collision rules), same priority rule during switching time to/from active UL BWP is defined for positioning SRS with Tx frequency hopping. 
· Agree on TP#3 for the collision handling of positioning SRS with frequency hopping for RedCap UEs. 
Proposal 8
· 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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