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Introduction
In the last RAN1 meeting, remaining issues of PRS/SRS frequency hopping were discussed, and corrections on draft CRs have been approved [1].
In this contribution, we provide our views on remaining issues on PRS/SRS frequency hopping to achieve RedCap UE positioning.

Remaining issues
2.1 Measurement reporting
In RAN1#113 meeting, the following agreements were 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.


During the last RAN1 meeting, this issue has been intensively discussed, but still no consensus has been reached. Some companies preferred to report indication of single-hop or multiple-hop and also number of hops if multiple-hop measurements are reported. On the other hand, it was argued by other companies on the benefits of reporting such information. To make further progress, we can let UE/gNB to indicate whether the measurements are based on single hop or multiple hops.
Proposal 2: For measurements based on DL PRS with Rx frequency hopping or UL SRS with Tx hopping, support that:
· UE/gNB can report either a single-hop or multi-hop measurement.
· Indication on which of a single-hop or multi-hop measurement is reported.

[bookmark: _Ref31533076]2.2 SRS frequency hopping configuration
In the last RAN1 meeting, the following working assumption on configuration of SRS hopping wrapping pattern was made:
	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).


There is a remaining issue on how to determine . We think that the reference point of the starting PRB of the first hop in the time domain should be defined for both Alt. 1 and Alt. 2, and in this sense, Alt. 1 is not a complete solution. In addition, Alt. 1 has additional RRC impact to introduce a new parameter. Therefore, we prefer Alt. 2.
Proposal 3 Confirm the working assumption with Alt. 2:
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:
-  
· 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).

2.3 Collision rules of SRS frequency hopping 
In the last RAN1 meeting, the following agreement on collision rules for SRS Tx frequency hopping was reached:
	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


Based on the agreement, details on timeline for determination of colliding channels/signals are still FFS. Regarding the collision handling between SRS with Tx hopping and PUSCH, we think that cases that periodic/semi-persistent SRS with Tx hopping collides with the same type of configured grant PUSCH, or aperiodic SRS with Tx frequency hopping collides with dynamic granted PUSCH, should be error cases in specification, which can be avoided by NW implementation. In the following, the timeline for determination of collision is discussed. In our views, the timeline in prioritization/dropping rules for SRS carrier switching should be considered as a starting point, which implies that a period of processing time to transmit SRS with Tx frequency hopping should be taken into account.
	For an SRS transmission starting in symbol  of carrier  and a conflicting transmission in any carrier  starting in symbol, the UE shall apply the prioritization / dropping rules in the remainder of this clause taking into account:
-	DCI(s) for which the time interval between the last symbol of PDCCH and  is at leastsymbols and an additional time duration ,  and the time interval between the last symbol of PDCCH and  is at least   symbols; and
-	semi-persistent CSI reports or SRS considered active at least  symbols and an additional time duration  before , and considered active at least  symbols before .


As shown in the following figure, to determine the collision between the SRS with Tx frequency hopping and the conflicting transmissions and apply the dropping rule to drop the low priority SRS symbol(s), the conflicting channels/signals should be scheduled or activated a processing time T ahead of the starting symbol of SRS with Tx frequency hopping, where the processing time T should at least include the preparation time to transmit SRS with Tx frequency hopping and the switching time from the active BWP. Otherwise, the UE starts to dedicate its processing capability to transmit the SRS with Tx frequency hopping, and the DCI or activation command for the transmission of higher priority UL channels/signals cannot be processed by the UE.


Figure 1: Illustration of timeline of determination of collision.

Proposal 4: When SRS for Tx frequency hopping symbol(s), including the retuning time to/from the active BWP, collides with PUSCH, the UE should apply the collision rule considering that:
· DCI for which the time interval between the last symbol of PDCCH and the starting symbol of the SRS for Tx frequency hopping is at least a processing time T.
· UL channels/signals considered active at least a processing time T before the starting symbol of the SRS for Tx frequency hopping.
where the processing time T include N2 symbols of preparation time and an additional time duration for switching from active BWP.

2.4 LMF request SRS frequency hopping parameters
In the last RAN1 meeting, some companies proposed to allow LMF to request the SRS Tx frequency hopping parameters using the “Requested SRS Transmission Characteristic” IE, e.g., number of symbols per hop, hop bandwidth, etc. In TS 38.455, this IE is specified to contain the requested SRS configuration for the UE, in which the total bandwidth of the SRS configuration is included:
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Number Of Periodic Transmissions
	C-ifResourceTypePeriodic
	
	INTEGER (0..500,…)
	The number of periodic SRS transmissions requested. The value of ‘0’ represents an infinite number of periodic SRS transmissions.
	
	

	Resource Type
	M
	
	ENUMERATED (periodic, semi-persistent, aperiodic, …)
	
	
	

	CHOICE Bandwidth
	M
	
	
	
	
	

	>FR1
	
	
	ENUMERATED (5mHz, 10mHz, 20mHz, 40mHz, 50mHz, 80mHz, 100mHz, ...)
	
	
	

	>FR2
	
	
	ENUMERATED (50mHz, 100mHz, 200mHz, 400mHz,…)
	
	
	

	SRS Resource Set List
	
	0.. 1
	
	
	
	

	>SRS Resource Set Item
	
	1..< maxnoSRS-ResourceSets>
	
	
	
	

	>>Number of SRS Resources Per Set
	O
	
	INTEGER (1..16,...)
	The number of SRS Resources per resource set for SRS transmission. 
	
	

	>>Periodicity List
	
	0.. 1
	
	
	
	

	>>>Periodicity List Item
	
	1..<maxnoSRS-ResourcePerSet>
	
	
	
	

	>>>>PeriodicitySRS
	M
	
	ENUMERATED (0.125, 0.25, 0.5, 0.625, 1, 1.25, 2, 2.5, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240, …)
	Milli-seconds
	
	

	>>Spatial Relation Information
	O
	
	9.2.34
	This IE is ignored if the Spatial Relation Information per SRS Resource IE is present.
	
	

	>>Pathloss Reference Information
	O
	
	9.2.53
	
	
	

	>>Spatial Relation Information per SRS Resource
	O
	
	9.2.60
	
	
	

	SSB Information
	O
	
	9.2.54
	
	
	

	SRS Frequency
	O
	
	INTEGER(0..3279165)
	NR ARFCN 
The carrier frequency of SRS transmission bandwidth.
	YES
	ignore


In our views, with the total bandwidth of the SRS configuration for a UE should be enough, and no need to further provide details of number of hops, hop bandwidth, etc. For a RedCap UE to perform SRS Tx frequency hopping, we think that if the UE capability is provided to LMF, then an indication to enable SRS Tx frequency hopping would be useful. On the other hand, if the UE capability is also provided to the gNB, then the legacy field is sufficient. Details can be up to RAN3.
Proposal 5: For the LMF to request SRS Tx frequency hopping configuration for a UE, if the UE capability of supporting SRS Tx frequency hopping is provided to the LMF, support an indication to enable SRS Tx frequency hopping on top of the SRS total bandwidth. 
· Details are up to RAN3.

2.5 TP on SRS Tx hopping configuration
In RAN1#114 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


The yellow highlighted bullet should be captured in Clause 6.2.1.4 in TS 38.214. Furthermore, we have made agreements in the last RAN1 meeting that a) Starting symbol is {0,1,2,…13} in symbol for both the first hop in time and each of the hops following the first hop in time; b) Number of consecutive symbols in a hop is common to all hops. Therefore, it is safe to say that the starting symbol and number of symbols are for any hop. Therefore, we propose the following changes to the CR [2]:
Proposal 6: Adopt the following TP for TS 38.214 Clause 6.2.1.4:
	Reasons for change
	For SRS with Tx hopping, each hop must be contained within a slot. 

	Summary of change
	Add the following description in TS 38.214: 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.

	Consequences if not approved
	The configuration of the starting position and hop duration for SRS with Tx hopping is not clear. 

	Text proposal
	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 does not expect to be configured with [StartingSymbol] and [Length] for a hop that exceeds a slot duration.




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: For measurements based on DL PRS with Rx frequency hopping or UL SRS with Tx hopping, support that:
· UE/gNB can report either a single-hop or multi-hop measurement.
· Indication on which of a single-hop or multi-hop measurement is reported.
Proposal 3 Confirm the working assumption with Alt. 2:
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:
-  
· 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).

Proposal 4: When SRS for Tx frequency hopping symbol(s), including the retuning time to/from the active BWP, collides with PUSCH, the UE should apply the collision rule considering that:
· DCI for which the time interval between the last symbol of PDCCH and the starting symbol of the SRS for Tx frequency hopping is at least a processing time T.
· UL channels/signals considered active at least a processing time T before the starting symbol of the SRS for Tx frequency hopping.
where the processing time T include N2 symbols of preparation time and an additional time duration for switching from active BWP.
Proposal 5: For the LMF to request SRS Tx frequency hopping configuration for a UE, if the UE capability of supporting SRS Tx frequency hopping is provided to the LMF, support an indication to enable SRS Tx frequency hopping on top of the SRS total bandwidth. 
· Details are up to RAN3.
Proposal 6: Adopt the following TP for TS 38.214 Clause 6.2.1.4:
	Reasons for change
	For SRS with Tx hopping, each hop must be contained within a slot. 

	Summary of change
	Add the following description in TS 38.214: 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.

	Consequences if not approved
	The configuration of the starting position and hop duration for SRS with Tx hopping is not clear. 

	Text proposal
	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 does not expect to be configured with [StartingSymbol] and [Length] for a hop that exceeds a slot duration.
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