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[bookmark: _Ref513464071]Introduction
RAN1 has received an LS from RAN2 [1] regarding clarifications on RedCap positioning, carrier phase positioning, and bandwidth aggregation for positioning techniques. In this contribution, replies for the questions from RAN2, based on the past RAN1 agreements and our analysis, are presented.
Discussion
Clarification on RedCap UE positioning
In the LS [1], RAN2 asked the following questions.
	RedCap positioning:
· For DL PRS Rx frequency hopping, does LMF have to signal the hopping pattern configuration to the UE or not? What about the same for UL SRS Tx frequency hopping?
· For RedCap UEs to support SRS for positioning frequency hopping by using a BWP configuration separate from the existing BWP configuration, is the separate BWP configuration inside each existing data BWP or outside any data BWP?
· Please confirm if UE/gNB measurement reported with frequency hopping applies to RSTD, RSRP, RTOA, UE Rx-Tx time difference and gNB Rx-Tx time difference measurements for DL-TDOA, UL-TDOA and Multi-RTT positioning methods.


1st question : Tx/Rx hopping configuration details
Regarding the first question related to configurations for Rx frequency hopping, we should wait for further discussion since there may be more details related to a Rx hopping pattern that may be agreed in this meeting. We note that at least “total bandwidth” can be indicated to the UE by the LMF regarding Rx frequency hopping in RAN1#114b [3].
	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.


Proposal 1: Regarding the question about the details of configuration for Rx frequency hopping, the LMF can provide at least the total bandwidth of all hops to the UE according to the agreement made in RAN1#114b.
For SRSp Tx frequency hopping, the details of the configurations are agreed in RAN1#114b as follows.
	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 


Proposal 2: Regarding the question about the details of configuration for SRS for positioning with Tx frequency hopping, the LMF can provide at least values for hop bandwidth, starting RB, overlap value, starting slot offsfet/symbol for the SRS resource, starting slot offset and symbol for each of the hops following the first hop in time, number of consecutive symbols in a hop and number of hops to the UE
RAN1 is still discussing the starting frequency for the wrapped staircase pattern for SRS for positioning Tx frequency hopping.
	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).


Proposal 3: Inform RAN2 the decision about whether the LMF explicitly indicates the frequency hop index of the initial hop to the UE or not for SRSp with Tx hopping
2nd question : BWP configuration details for SRSp Tx hopping
Regarding the question related to BWP configuration, it is our understanding that the following agreement was made in RAN1#114b assuming that BWP configuration outside of initial BWP configuration can be defined.
	Agreement
The UTW configuration applies to all SRS for positioning with Tx hopping configurations in the serving cell.


In addition the following agreement was made in RAN1#114 [4] which indicates that BWP configuration for Tx hopping can be separate configuration from the data BWP, e.g., UL active BWP.
	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


Based on the above agreements, from our understanding, the separate BWP configuration can be outside of any data BWP.
Proposal 4: Regarding the question about BWP configuration for Tx hopping, it can be separate configuration outside any data BWP
3rd question : Applicability to different types of measurements
From our understanding, UE/gNB measurement reported with Tx or Rx frequency hopping applies to RSTD, RSRP, RTOA, UE Rx-Tx time difference and gNB Rx-Tx time difference measurements for DL-TDOA, UL-TDOA and Multi-RTT positioning methods.
Proposal 5: Regarding the question about applicability of hopping based measurements to positioning methods, , UE/gNB measurement reported with Tx or Rx frequency hopping applies to RSTD, RSRP, RTOA, UE Rx-Tx time difference and gNB Rx-Tx time difference measurements for DL-TDOA, UL-TDOA and Multi-RTT positioning methods
Clarification on Carrier Phase positioning
In the LS, RAN2 asked the following questions.
	Carrier phase positioning:
· Has RAN1 discussed the interaction between carrier phase positioning and bandwidth aggregation for positioning? When bandwidth aggregation is used involving 2 or 3 positioning frequency layers (PFL), does the UE report the carrier phase measurement for each PFL or only one PFL?
· Is the simultaneous measurement on same DL PRS by a target UE and a PRU applies only for carrier phase measurements (RSCP/RSCPD) or applies also to the legacy measurement along which the carrier phase measurements are reported? Please clarify if simultaneous measurement applies to all legacy measurements (e.g., timing, power measurements) or not.
· For simultaneous measurement on same DL PRS by a target UE and a PRU, is multiple instances of time window configurations need to be signalled to the target UE and PRU or is the set of time window configuration parameters results in multiple time domain windows for the measurement? RAN2 would like additional clarification on need for multiple time windows.
· For simultaneous transmission of UL SRS from a target UE and a PRU, is there a need for gNB to indicate the time window(s) directly to UE?
· [bookmark: _Hlk149857484]For UE-based carrier phase positioning, RAN1 agreement says the LMF forwards the DL carrier phase measurement reported by a PRU, with additional information of the same PRU to a target UE in the positioning assistance data. Regarding the forwarded measurement, does the LMF forward only the carrier phase measurement or also the legacy measurement associated with the carrier phase measurement? Also, how often does the LMF have to forward the positioning assistance data containing PRU measurement (and additional information of the same PRU) to the target UE i.e., is this supposed to be a periodic provisioning of assistance data from LMF to target UE? Can the UE send a request to the LMF to initiate the periodic provisioning of assistance data?
· Are carrier phase measurements reported by UE for additional paths also or only for the first path of the associated legacy timing measurement?


1st question : Applicability of NR CP to BW aggregation
At this point, RAN1 does not have an agreement to support BW aggregation for phase measurements. As captured in [5],  the UE is expected to report phase measurements based on a single layer; “When the UE reports DL RSCPD measurement(s) along with DL RSTD measurement(s) or DL RSCP measurement(s) along with UE Rx-Tx time difference measurement(s), the DL RSCPD and/or DL RSCP measurement(s) should be measured from a single DL PRS positioning frequency layer. “
Proposal 6: Regarding applicability of NR CP to BW aggregation, phase measurement is reported per frequency layer
2nd question : Need for multiple measurement windows for simultaneous measurements
Currently, the target UE and PRU can be configured up to 2 time windows. One application of using more than one time window is to allow the UE to make measurements on different PFL. Discussions about motivation for having more than one measurement  window is discussed in [6]. From our perspective, a set of time window configuration parameters can be configured to reduce overhead in signaling.
Proposal 7: Regarding details of measurement windows for simultaneous measurements between UE and PRU, a set of time window configuration parameters can be configured, resulting in multiple measurement windows. More than one window is needed since different positioning frequency layer has different PRS configuration.
3rd question : Need to indicate a time window for SRSp
According to RAN1’s understanding, the time window for simultaneous transmission of SRSp by the UE and target is transparent to the target UE.
Proposal 8: From RAN1’s perspective, configuration for a time window to achieve simultaneous SRS for positioning transmission between UR and PRU is transparent to the UE.
4th question : Content of the forwarded measurements
Regarding the question “does the LMF forward only the carrier phase measurement or also the legacy measurement associated with the carrier phase measurement?”, from our perspective explained in our contribution [2], the forwarded measurements should contain both legacy (e.g., RSTD) and phase measurements. Furthermore, the measurements should contain PRS resource IDs used to obtain the measurements.
Proposal : Regarding the question about whether legacy measurements, made by PRU, should also be forwarded to the UE by the LMF, at least RSTD measurements, made by PRU, accompanies by PRS resource IDs associated with measurements should also be forwarded to the UE, in addition to  phase measurements.
Regarding the question about frequency of provision or periodicity of the forwarded measurements, from our perspective, PRU measurements should be provided periodically to the target UE as PRU or UE may receive PRS and processes measurements periodically. 
Periodic provision of assistance information is specified in TS 37.355 [7] for GNSS, specifically for RTK, in Clause 5.2.1a in TS 37.355 and the UE can obtain GNSS related assistance data at the configured periodicity. In the specification, GNSS assistance data can be provided to the UE at periodicity ranging from 1 to 64 seconds. The specified values can be used as the starting point and periodic transfer of GNSS assistance data to the UE can be used as the starting point.
Proposal 9: Regarding the question “how often does the LMF have to forward the positioning assistance data containing PRU measurement (and additional information of the same PRU) to the target UE i.e., is this supposed to be a periodic provisioning of assistance data from LMF to target UE”, periodic provision of assistance information specified in Clause 5.2.1a in TS 37.355 can be used as the starting point. Periodicity values between 1 and 32 seconds specified in TS 37.355 can also be used as the starting point for periodicity values.
Regarding the question “Can the UE send a request to the LMF to initiate the periodic provisioning of assistance data?”, the answer should be yes, as explained in our contribution [2]. The UE should indicate to the LMF, by sending a request for PRU measurements  when the UE is ready to process  measurements. Thus, the UE should make a request to the LMF for the measurements.
Proposal 10: Regarding the question “Can the UE send a request to the LMF to initiate the periodic provisioning of assistance data?”, from RAN1’s perspective, the UE should be able to send a request to the LMF to initiate periodic provisioning of assistance data.
5th question : Whether additional paths carrier phase is reported
According to the agreement made in RAN1#114b, carrier phase measurement with respect to the first path is reported.
	Agreement
Only the carrier phase measurements (i.e., DL/UL RSCP, DL RSCPD) of the first path are supported in Rel-18.


Proposal 11: Regarding the question on about applicability of phase measurements to additional paths, carrier phase measurements only on the first path is supported
Clarification on BW aggregation
RAN2 asked the following questions in the LS related to BW aggregation.
	· For PRS bandwidth aggregation should the LMF indicate to the UE that one TRP can have multiple pairs of aggregated PFLs i.e., multiple combinations of linked PFLs e.g., 2+2 and other combinations? Also, can the same PFL(s) be configured in different combinations of linked PFLs?
· Is UE Rx-Tx time difference measurement in RRC_IDLE supported using bandwidth aggregation?
· To enable PRS bandwidth aggregation between PRS in two or three different PFLs, the following condition which should be satisfied for the aggregated PRS resources from a TRP across the aggregated PFLs was marked as FFS in an earlier RAN1 agreement but the current status is unclear: “FFS: The same number of PRS resource sets and resources for a TRP”. Please clarify if this condition is to be satisfied or not.
· RAN1 agreed that for PRS bandwidth aggregation across PFLs, in a measurement report element, support the “aggregated reference RSTD”. RAN2 would further clarification on what this aggregated reference RSTD reporting requirement is.




1st question : Regarding applicability to 2+2 combinations
According to the following agreement made in RAN1#114b, 2+2 combination is possible.
	Agreement
Configuring up to two PFL combinations is supported (e.g. PFL1 aggregated with PFL2 and PFL3 aggregated with PFL4). 
· Send an LS to RAN4 (CC to RAN2 and RAN3) to inform them with the above agreement and specify corre-sponding requirements.
· Note: more than one combinations are measured in TDMed manner



According to our understanding, the same PFLs cannot be configured in different combinations. However, at this point, whether the LMF indicates to the UE to perform the combinations of aggregation or it’s up to UE to decide whether to perform combinations of aggregation is not clear.
Proposal 12: Regarding the question “should the LMF indicate to the UE that one TRP can have multiple pairs of aggregated PFLs”, RAN1 needs to make an agreement on whether LMF can indicate to the UE to perform multiple pairs of aggregated PFLs. According to the RAN1 agreement made in RAN1#104b, up to two PFL combinations is supported.
2nd question : Applicability of BW aggregation for RTT during IDLE
SRSp transmission for positioning purpose during IDLE is not supported. Thus, according to our understanding, UE Rx-Tx time difference measurement in RRC_IDLE is not supported using bandwidth aggregation.
Proposal 13: Regarding the question “Is UE Rx-Tx time difference measurement in RRC_IDLE supported using bandwidth aggregation?”, from RAN1’s perspective, UE Rx-Tx time difference measurement in RRC_IDLE is not supported using bandwidth aggregation.
3rd question : The status of ““FFS: The same number of PRS resource sets and resources for a TRP”
The following agreement has been made in RAN1#113. According to the agreement, the UE reports resource set IDs used for aggregated measurements to the LMF.
	Agreement
For PRS bandwidth aggregation across PFLs, in a measurement report element, support
· Single RSRP or single RSRPP 
· FFS: the single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs
· The aggregated reference RSTD 
· The used PRS resource set IDs for the aggregated measurement which are shared for RSRP/RSRPP and/or timing measurement results


In addition, according to the discussion in R1-2304936 [8], it was not necessary to make further agreements on a condition to have the same number of resource sets because linkage can be made at a resource set level.
Proposal 14: Regarding the question ““FFS: The same number of PRS resource sets and resources for a TRP”. Please clarify if this condition is to be satisfied or not.”, it is not necessary to make an agreement on the condition to have the same number of PRS resource sets since linkage can be made at a resource set level.
4th question : Clarification on support for “aggregated reference RSTD”
From R1-2304935 in RAN1#113, our understanding is that the whether the reference to determine RSTD is aggregated. Our understanding of the following agreement from RAN1#113 is that the reference timing measurement for RSTD should be aggregated, i.e., not based on non-aggregated timing measurement.
	Agreement
For PRS bandwidth aggregation across PFLs, in a measurement report element, support
· Single RSRP or single RSRPP 
· FFS: the single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs
· The aggregated reference RSTD 
· The used PRS resource set IDs for the aggregated measurement which are shared for RSRP/RSRPP and/or timing measurement results


Proposal 15: Regarding the question “clarification on what this aggregated reference RSTD reporting requirement is”, the intention of defining aggregated reference RSTD is that the reference timing used for determination of RSTD is aggregated.
Conclusion.
In this contribution, the following proposal is made.
Clarification on RedCap UE positioning
Proposal 1: Regarding the question about the details of configuration for Rx frequency hopping, the LMF can provide at least the total bandwidth of all hops to the UE according to the agreement made in RAN1#114b.
Proposal 2: Regarding the question about the details of configuration for SRS for positioning with Tx frequency hopping, the LMF can provide at least values for hop bandwidth, starting RB, overlap value, starting slot offsfet/symbol for the SRS resource, starting slot offset and symbol for each of the hops following the first hop in time, number of consecutive symbols in a hop and number of hops to the UE
Proposal 3: Inform RAN2 the decision about whether the LMF explicitly indicates the frequency hop index of the initial hop to the UE or not for SRSp with Tx hopping
Proposal 4: Regarding the question about BWP configuration for Tx hopping, it can be separate configuration outside any data BWP
Proposal 5: Regarding the question about applicability of hopping based measurements to positioning methods, , UE/gNB measurement reported with Tx or Rx frequency hopping applies to RSTD, RSRP, RTOA, UE Rx-Tx time difference and gNB Rx-Tx time difference measurements for DL-TDOA, UL-TDOA and Multi-RTT positioning methods
Clarification on Carrier Phase positioning
Proposal 6: Regarding applicability of NR CP to BW aggregation, phase measurement is reported per frequency layer
Proposal 7: Regarding details of measurement windows for simultaneous measurements between UE and PRU, a set of time window configuration parameters can be configured, resulting in multiple measurement windows. More than one window is needed since different positioning frequency layer has different PRS configuration.
Proposal 8: From RAN1’s perspective, configuration for a time window to achieve simultaneous SRS for positioning transmission between UR and PRU is transparent to the UE.
Proposal 9: Regarding the question “how often does the LMF have to forward the positioning assistance data containing PRU measurement (and additional information of the same PRU) to the target UE i.e., is this supposed to be a periodic provisioning of assistance data from LMF to target UE”, periodic provision of assistance information specified in Clause 5.2.1a in TS 37.355 can be used as the starting point. Periodicity values between 1 and 32 seconds specified in TS 37.355 can also be used as the starting point for periodicity values.
Proposal 10: Regarding the question “Can the UE send a request to the LMF to initiate the periodic provisioning of assistance data?”, from RAN1’s perspective, the UE should be able to send a request to the LMF to initiate periodic provisioning of assistance data.
Proposal 11: Regarding the question on about applicability of phase measurements to additional paths, carrier phase measurements only on the first path is supported
Clarification on BW aggregation
Proposal 12: Regarding the question “should the LMF indicate to the UE that one TRP can have multiple pairs of aggregated PFLs”, RAN1 needs to make an agreement on whether LMF can indicate to the UE to perform multiple pairs of aggregated PFLs. According to the RAN1 agreement made in RAN1#104b, up to two PFL combinations is supported.
Proposal 13: Regarding the question “Is UE Rx-Tx time difference measurement in RRC_IDLE supported using bandwidth aggregation?”, from RAN1’s perspective, UE Rx-Tx time difference measurement in RRC_IDLE is not supported using bandwidth aggregation.
Proposal 14: Regarding the question ““FFS: The same number of PRS resource sets and resources for a TRP”. Please clarify if this condition is to be satisfied or not.”, it is not necessary to make an agreement on the condition to have the same number of PRS resource sets since linkage can be made at a resource set level.
Proposal 15: Regarding the question “clarification on what this aggregated reference RSTD reporting requirement is”, the intention of defining aggregated reference RSTD is that the reference timing used for determination of RSTD is aggregated.
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