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Introduction
In RAN#94-e meeting, the following objectives for positioning were reached to be studied or worked on in Rel-18 [1]. 
	· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.

· Improved accuracy, integrity, and power efficiency:
· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state

· Positioning support for RedCap UEs, considering the following:
· Evaluate positioning performance of existing positioning procedures and measurements with RedCap UEs[RAN1]
· Based on the evaluation, assess the necessity of enhancements and, if needed, identify enhancements to help address limitations associated with for RedCap UEs [RAN1, RAN2]

 


 
This contribution discusses Rel-18 NR positioning enhancements specifically in positioning of RedCap UEs for network efficiency, power reduction and accuracy.

Evaluation of Positioning for RedCap UEs
     
For RedCap UEs, power consumption, hardware cost, resource overhead and application to a large number of UEs are the main requirements for positioning. Higher resource overhead will increase the service fee for positioning. In UL positioning, an SRS is configured per UE, while DL PRS can be shared by different UEs covered by the cell. From the perspective of resources, DL positioning is more economical than UL positioning. In some scenarios, the number of RedCap UEs is large and the SRSs should be configured orthogonally among the UEs in the same and different cells in the area, which is difficult for the gNBs and network. Transmission of SRS is power consumption, but the position estimation is implemented by gNB. For the higher accuracy position estimation, advanced algorithm is used, which is power consumption as discussed in Rel-17. For the lower accuracy estimation method, e.g. ECID, DL positioning is more power saving than UL positioning.  

The following lists the issues caused by UL positioning for RedCap UEs:
  
· For the angle or time delay can be also estimated by neighbour cells with SRS, SRS used by different UEs should be different to differentiate these UEs when estimating even though these UEs are camped to different cells. When the number of RedCap UEs is large, the resource overhead is large.
· Since the SRS is configured per UE and the number of RedCap UEs is large, it would be difficult for gNBs and network to schedule SRS for these UEs among different cells. 


Proposal 1：
· The accuracy of DL positioning should be evaluated first for RedCap UEs in Rel-18. 

Due the lowest complexity, ECID will be widely used by RedCap UEs. For high accuracy positioning, the positioning algorithm should be able to differentiate different path, which is much accurate than the requirement by DL or UL synchronization. The software and hardware of RedCap UEs do not have such capabilities. And high accuracy positioning algorithm requires high computing power. From the perspective of power consumption and hardware cost, ECID will be widely used by RedCap UEs.
The RSRP and ΔRSRP reporting granularity can be 1dBm and 2dB respectively as listed Table 1 and Table 2. Depending on the distance from a UE to the gNB, the reporting granularity will cause tens of meters of positioning error.   
		Table 1: SS-RSRP and CSI-RSRP measurement report mapping [2]
	Reported value
	Measured quantity value (L3 SS-RSRP) and CSI-RSRP
	Measured quantity value (L1 SS-RSRP and CSI-RSRP)
	Unit

	……
	……
	……
	……

	RSRP_15
	-142≤ SS-RSRP<-141
	Not valid
	dBm

	RSRP_16
	-141≤ SS-RSRP<-140
	RSRP<-140
	dBm

	RSRP_17
	-140≤ SS-RSRP<-139
	-140≤RSRP<-139
	dBm

	…
	…
	
	…

	RSRP_112
	-45≤ SS-RSRP<-44
	-45≤ RSRP<-44
	dBm

	RSRP_113
	-44≤ SS-RSRP<-43
	-44≤ RSRP
	dBm

	RSRP_114
	-43≤ SS-RSRP<-42
	Not valid
	dBm

	……
	……
	……
	……

	Note:	The value of RSRP_127 is applicable for RSRP threshold configured by the network as defined in TS 38.331 [2], but not for the purpose of measurement reporting.



Table 2: Differential SS-RSRP and CSI-RSRP measurement (for L1 reporting and L3 reporting) report mapping [2]
	Reported value
	Measured quantity value (difference in measured RSRP from strongest RSRP)
	Unit

	DIFFRSRP_0
	0≥ΔRSRP>-2
	Db

	DIFFRSRP_1
	-2≥ΔRSRP>-4
	Db

	……
	……
	……

	DIFFRSRP_14
	-28≥ΔRSRP>-30
	Db

	DIFFRSRP_15
	-30≥ΔRSRP
	Db



ECID has been evaluated in Rel-16 and Rel-17. In Rel-18, ECID should be evaluated for RedCap UEs. The followings are proposed for the evaluation of ECID of RedCap UEs:

· In the urban scenario, the number of gNBs can be much less than that in the IIoT scenario evaluated in Rel-17. The number of gNBs affects the positioning accuracy and reference signal coordination among different cells. It is also related to the positioning calculation method. The number of gNBs for the position calculation of an outdoor UE should be evaluated in the urban scenario.  
· Positioning with RSRP is based on the LoS assumption. The performance enhancement for NLoS scenario should be considered with ECID.  

Proposal 2： 
· The followings are proposed for the evaluation of ECID of RedCap UEs:
· The number of gNBs for the position calculation of an outdoor UE should be evaluated in the urban scenario.
· The performance enhancement for NLoS scenario should be considered with ECID.
Positioning for RedCap UEs with network efficiency

In some scenarios, the requirements of positioning accuracy for RedCap UEs are not high, such as the logistics tracking of online shopping goods. And for different situations, the positioning accuracy requirements of logistics tracking are also different. E.g., the monitoring requirements is stricter for fresh food and the positioning accuracy can reach several meters. And for non-food products, the goal of logistics tracking is to follow up the progress of logistics, positioning accuracy can be tens of meters, or even thousands of meters.
Since PRS is special for positioning, the positioning service with PRS may charge UE.

When the requirements of positioning accuracy and latency are not high, PSS, SSS, PBCH DMRS can be used for positioning. The performance of positioning with PSS, SSS, PBCH DMRS should be evaluated.

Proposal 3: 
· When the requirements of positioning accuracy and latency are not high, PSS, SSS, PBCH DMRS should be used for positioning. The performance of positioning with PSS, SSS, PBCH DMRS should be evaluated.

When the user is in a RRC_IDLE state, the user will be out of uplink synchronization. In order to be synchronized with the gNB uplink, the user will send a PRACH signal. In [3], it is discussed that in order to reduce power consumption and latency, the preamble sequence can also be used as the UL positioning reference signal. For RedCap UEs, TA can be used for positioning calculation. In NR, TA granularity is related with SCS of Msg3 and smaller TA granularity results in higher positioning accuracy as shown in Table 3. To improve the positioning accuracy, smaller TA granularity should be specified.
		Table 3: TA granularity impact on positioning error
	SCS
	TA granularity
	Positioning error

	15k Hz
	0.52us
	78m

	30k Hz
	0.26us
	39m

	60k Hz
	0.13us
	19m

	120k Hz
	0.07us
	10m



[bookmark: _GoBack]Channel estimation reporting for RedCap UE positioning
For some advanced positioning methods, the positioning estimation is based on the result of channel estimation as shown in Figure 1. The channel estimation is the basic function of every RedCap UE chipset. To reduce the complexity at the UE side caused by the position algorithm, it is proposed for RedCap UE to report channel estimation to its serving gNB and the gNB implements the position estimation with the reported channel estimation.
sync
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Figure 1 Positioning algorithm procedure

Proposal 4: 
· To reduce the UE complexity, it is proposed for RedCap UE to report channel estimation to its serving gNB and the gNB implements the position estimation with the reported channel estimation. 
Conclusion
In this contribution, we discussed the evaluation and methods of positioning for RedCap UEs, and our proposals are summarized below: 

Proposal 1: 
· The accuracy of DL positioning should be evaluated first for RedCap UEs in Rel-18. 

Proposal 2: 
· The followings are proposed for the evaluation of ECID of RedCap UEs:
· The number of gNBs for the position calculation of an outdoor UE should be evaluated in the urban scenario.
· The performance enhancement for NLoS scenario should be considered with ECID.

Proposal 3: 
· When the requirements of positioning accuracy and latency are not high, PSS, SSS, PBCH DMRS should be used for positioning. The performance of positioning with PSS, SSS, PBCH DMRS should be evaluated.

Proposal 4: 
· To reduce the UE complexity, it is proposed for RedCap UE to report channel estimation to its serving gNB and the gNB implements the position estimation with the reported channel estimation. 
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