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   Introduction
The maim change is shown with track change compared to previous; section 2.4:


[bookmark: _Hlk127454600][bookmark: _Hlk127456419]One Rel-18 work item on expanded and improved NR positioning has been approved in RAN#98 [1], and its objective on reduced capability (RedCap) positioning, carrier phase positioning, and bandwidth aggregation for positioning are as follows:
	· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].

· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based, UE-assisted, and NG-RAN node assisted positioning [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 

· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).





In this contribution, we give our view on the possible LPP signaling on RedCap positioning, carrier phase positioning, and bandwidth aggregation for positioning from RAN2 part of view.

   Carrier phase-based positioning

RRC SRS Impact
The RAN1 agreement indicates that there is need for gNB to configure simultaneous SRS Tx from target UE and PRU. However, it is unclear if the request has to be performed with explicit window configuration or by gNB implementation specific.

Proposal 1 [bookmark: _Toc149889652]RAN2 to discuss the need of RRC SRS configuration for timewindow to facilitate simultaneous Tx.

LMF forwarding PRU measurementsRAN1#113:
Agreement
For UE-based carrier phase positioning, support enabling LMF to forward the DL carrier phase measurement reported by a PRU, with additional information of the same PRU to a target UE for UE-based carrier phase positioning in the positioning assistance data.
· Note: Whether the forwarded DL carrier phase measurement is DL RSCP and/or DL RSCPD depends at least on which of them is (are) supported by UE capability.
· additional information of the same PRU includes at least PRU location. 
· FFS: additional PRU information, e.g. the AoD of PRU to each TRP, etc.

Some parameters, like the PRU location mentioned in the RAN1 agreement, are not expected to change much, while the DL RSCP and/or DL RSCPD measurements vary over time due to for instance clock frequency errors. To avoid unnecessary signaling overhead, it should be possible for LMF to distribute updates to different parameters/measurements at different update rates. 
[bookmark: _Toc139635975][bookmark: _Toc149889659]Some parameters from the PRU are rather static while other change faster.

Proposal 2 [bookmark: _Toc139635980][bookmark: _Toc149889653]It should be possible for LMF to provide updates on different parameters with different periodicity.
Concerning the specific signaling of PRU assistance data, a straightforward way to provide a target UE with PRU location information and PRU carrier phase measurements is to include it parallel to the TRP LocationInfo in NR-PositioningCalculationAssistance.
-- ASN1START

NR-PositionCalculationAssistance-r16 ::= SEQUENCE {
	nr-TRP-LocationInfo-r16			NR-TRP-LocationInfo-r16				OPTIONAL,	-- Need ON
	nr-UE-LocationInfo-r16			NR-UE-LocationInfo-r16				OPTIONAL,	-- Need ON
	nr-DL-PRS-BeamInfo-r16			NR-DL-PRS-BeamInfo-r16				OPTIONAL,	-- Need ON
	nr-RTD-Info-r16					NR-RTD-Info-r16						OPTIONAL,	-- Need ON
	...,
	[[
	nr-TRP-BeamAntennaInfo-r17		NR-TRP-BeamAntennaInfo-r17			OPTIONAL,	-- Need ON
	nr-DL-PRS-Expected-LOS-NLOS-Assistance-r17
									NR-DL-PRS-ExpectedLOS-NLOS-Assistance-r17
																		OPTIONAL,	-- Need ON
	nr-DL-PRS-TRP-TEG-Info-r17		NR-DL-PRS-TRP-TEG-Info-r17			OPTIONAL	-- Need ON
	]]
}
-- ASN1STOP

Proposal 3 [bookmark: _Toc139635982][bookmark: _Toc149889654]LMF should provide the PRU location information and PRU carrier phase measurements as assistance data to the target UE. One option is to include it in the NR-PositionCalculationAssistance data structure.
Simultaneous measurementsDownlink agreements
RAN1#113 Agreement 
To enable simultaneous measurements on same DL PRS by a target UE and a PRU, support the following enhancements:
· Enabling LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource sets occurring within indicated time window(s).
· FFS: the details of the configuration of the indicated time window(s), e.g., the start time, duration, periodicity for the time window(s), as well as the relationship with the Scheduled Location time.

To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset in TS 37.355.FFS: the maximum number of the windows

RAN1#114 Agreement
When an LMF requests the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s)
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2}
· FFS: {4, 8}





The Release 17 positioning feature “Scheduled location time T” was designed to enable synchronous positioning of multiple UEs. TS 38.305 V17.4.0, 
Section 7.3.2:
· If a scheduled location time is provided […], the LMF may schedule location measurements by the UE to occur at or near to the scheduled location time.
· If a scheduled location time is provided […], the LMF may schedule location measurements by the NG-RAN to occur at or near to the scheduled location time.
Section 6.17.4:
· A common scheduled location time may be used if the LMF determines that simultaneous measurements for UE and PRU(s) are desirable.

Uplink agreements

RAN1#114 Working assumption
To enable LMF to optionally request the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of system frame number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows

Agreement
When a LMF requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), 
· the duration of a time window can be configured by one of the following values:
· {1, 2, 4, 8, 12} OFDM symbols
· {1, 2, 4, 6, 8, 12, 16} slots
· FFS: additional values
· the number of the time windows can be configured as:
· {1, 2, …, 16}

Agreement
When a LMF requests the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s):
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2, …, 16}



The scheduled location time feature can be used to implement simultaneous carrier phase measurements by different UEs in downlink and simultaneous transmissions by different UEs in uplink (and gNB measurements of those UL-signals). The feature does not provide any guarantees on the specific time-window then the measurements should be done, this is done on a best-effort basis. But rather than designing yet another mechanism for simultaneous measurements, we propose that “Scheduled Location Time T” should be used as baseline. 

[bookmark: _Toc139635976][bookmark: _Toc149889660]The “scheduled location time T” was designed to enable synchronous positioning of multiple UEs.
[bookmark: _Toc139635977][bookmark: _Toc149889661]The “scheduled location time T” does not support stringent requirements on time-window for positioning measurements, it is on a best effort-basis.
Proposal 4 [bookmark: _Toc139635985][bookmark: _Toc149889655]The “scheduled location time T” feature is used as baseline for enabling simultaneous measurements by different UEs in downlink and simultaneous transmissions by different UEs in uplink (and gNB measurements of those UL-signals).
Regarding the RAN1 agreement to enable LMF to indicate PRS Resources on which the different UEs should perform measurements, we note that LPP already supports LMF indicating PRS Resources to the UE as part of the assistance data. (To be specific, the nr-SelectedDL-PRS-IndexList-r16 field in NR-DL-<XXXX>-ProvideAssistanceData-r16.) This mechanism can be used also for the purpose of carrier phase based positioning

Proposal 5 [bookmark: _Toc139635986][bookmark: _Toc149889656]LMF indicate the PRS-resources that a UE performs measurements on using the field nr-SelectedDL-PRS-IndexList-r16 in NR-DL-<XXXX>-ProvideAssistanceData-r16.

Reporting of RSCP
Since carrier phase measurement is dependent upon time estimation, it should be discussed in RAN4 as how timing quality may impact the carrier phase measurements and if any associated timing quality that should be ensured for reporting RSCP. The phase measurement computation for both UE and gNB takes power and processing capacity. The UE or gNB would perform timing estimation at first before doing any phase estimation. So, how well the timing estimation should be before the UE or gNB perform phase measurement should be evaluated by RAN4. 

Proposal 6 [bookmark: _Toc149889657]Send an LS to RAN4 to evaluate the timing quality measurement requirement for carrier phase measurement.


 	RedCap positioning
DL Frequency Hopping
3.1.1 Assistance Data: LMF to UE impacts
RAN1 has discussed Inter-slot and Intra-slot frequency hopping (FH). For Inter-slot frequency hopping, it is assumed that there will not be any specific assistance data or LPP signaling that would be required from LMF to the UE. However, for intra-slot FH it is expected that the assistance data needs to be provided on how UE can perform PRS measurement whilst PRS is being hopped between within different symbols of the same slot (within a slot). However, RAN2 needs to wait for RAN1 LS before proceeding on the assistance data design.

3.1.2 Measurement Report: UE to LMF impacts
When it comes to UE measurement with respect to FH, RAN1 has agreed that current signaling of measurement report can be reused whereas some enhancements may also be needed which appears to be FFS.

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

RAN2 needs to wait for RAN1 LS before proceeding on the signaling enhancement design for UE reporting.

UL Frequency Hopping
3.2.1 Assistance Data: gNB to UE impacts
gNB configures the SRS and thus gNB needs to configure SRS transmission with FH pattern. RRC design should include the RAN1 agreed parameters for Redcap. RAN1 needs to provide the detailed parameter list for redcap and thus RAN2 needs to wait for RAN1 before RAN2 can proceed with RRC signaling impacts. 

However, it is possible to implement below structure with exact parameter values as FFS. The detail can be checked in R2-2310862


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


Capability

To achieve the target positioning requirements for RedCap UEs, the recommended solutions from the corresponding SI in Rel-18 are partially overlapped DL PRS frequency hopping and partially overlapped UL SRS frequency hopping for DL-TDOA, UL-TDOA and multi-RTT. The partially overlapped DL PRS frequency hopping can be implemented via wideband PRS transmission with narrowband PRS frequency hopping reception. While regarding the partially overlapped UL SRS frequency hopping, narrowband SRS frequency hopping transmission at the UE side as well as corresponding reception at the network side will be expected.

[bookmark: _Ref127464515][bookmark: _Toc149889662]The current LPP Capability IE does not support UE to characterize the capabilities of RX frequency hopping on DL-PRS or TX frequency hopping on UL SRS.

Since, there are two different NW nodes (gNB and LMF) involved for both DL and UL FH, it needs to be discussed if the capability needs to be signaled to both nodes or only one node is adequate. It may be desired that gNB which configures the SRS FH towards UE should be aware of detailed UE capability whereas LMF may need to know on high level whether UE supports UL FH or not. Similarly, LMF may have to know the detailed UE capability on performing PRS measurement with respect to FH. RAN2 may need to wait for RAN1 progress before concluding the signaling impacts for the UE capabilities.

[bookmark: _Toc149889663]gNB needs to know detailed UE capability on UL frequency hopping whereas LMF need to only know whether the feature is supported or not. However, RAN2 need to wait for overall progress on RAN1 before progressing.

[bookmark: _Toc149889658]In terms of capability, LMF only needs to know whether SRSfrequency hopping is supported or not. The detailed bandcombination if any for frequency hopping for SRS is provided to gNB

	Conclusion
In the previous sections we made the following observations: 
Observation 1	Some parameters from the PRU are rather static while other change faster.
Observation 2	The “scheduled location time T” was designed to enable synchronous positioning of multiple UEs.
Observation 3	The “scheduled location time T” does not support stringent requirements on time-window for positioning measurements, it is on a best effort-basis.
Observation 4	The current LPP Capability IE does not support UE to characterize the capabilities of RX frequency hopping on DL-PRS or TX frequency hopping on UL SRS.
Observation 5	gNB needs to know detailed UE capability on UL frequency hopping whereas LMF need to only know whether the feature is supported or not. However, RAN2 need to wait for overall progress on RAN1 before progressing.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss the need of RRC SRS configuration for timewindow to facilitate simultaneous Tx.
Proposal 2	It should be possible for LMF to provide updates on different parameters with different periodicity.
Proposal 3	LMF should provide the PRU location information and PRU carrier phase measurements as assistance data to the target UE. One option is to include it in the NR-PositionCalculationAssistance data structure.
Proposal 4	The “scheduled location time T” feature is used as baseline for enabling simultaneous measurements by different UEs in downlink and simultaneous transmissions by different UEs in uplink (and gNB measurements of those UL-signals).
Proposal 5	LMF indicate the PRS-resources that a UE performs measurements on using the field nr-SelectedDL-PRS-IndexList-r16 in NR-DL-<XXXX>-ProvideAssistanceData-r16.
Proposal 6	Send an LS to RAN4 to evaluate the timing quality measurement requirement for carrier phase measurement.
Proposal 6	In terms of capability, LMF only needs to know whether SRSfrequency hopping is supported or not. The detailed bandcombination if any for frequency hopping for SRS is provided to gNB
[bookmark: _In-sequence_SDU_delivery]	References
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