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Introduction
As can be seen in the WID [1], one of the objectives of R18 positioning enhancement is to support the positioning for RedCap UEs.
	· 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]



RAN1 has already discussed the objective in RAN1#109e and RAN1#110 [3], with the following agreements are made.
	Agreement
For evaluation of RedCap UE positioning performances, all RAT based positioning methods can be considered. Sources should detail the chosen method(s) when presenting performance evaluations.
Agreement
For the evaluation of RedCap positioning, the following bandwidth can be evaluated:
· FR1: 20MHz baseline, 5MHz optional
· FR2: 100MHz
Agreement
For the purpose of the Rel-18 study 
· The target accuracy requirements for RedCap UEs for commercial use cases are defined as follows:
· Indoor and outdoor
· Horizontal position accuracy (< 3 m) for 90% of UEs
· Vertical position accuracy (< 3 m) for 90% of UEs 
· The target accuracy requirements for RedCap UEs for IIoT use cases are defined as follows:
· Horizontal position accuracy (<1 m) for 90% of UEs 
· Vertical position accuracy (< 3 m) for 90% of UEs  
· Note: the requirements may not be met in all scenarios and use cases

Agreement
CDF values for evaluations of Redcap UE Positioning scenarios are derived based on:
· The reported CDF points used as performance metrics in the evaluation include at least the 50%, 67%, 80%, 90% percentiles.
· For indoor scenarios 
· (Required): The UEs inside the convex hull of the horizontal BS deployment area.
· (Optional): All the UEs
Agreement
Endorse the templates in section 7 in R1-2207749 to collect RedCap UE positioning simulation results, with the following notes:
· The first table as endorsed in previous agreement
· Add a column to the second table for capturing whether the requirement is met or not met
· The TR editor can adjust the sections/sub-sections arrangement
· Adjust the titles of the tables to refer to RedCap UE positioning
Agreement
For the evaluation of redcap UEs in the RMa scenarios, companies should report their evaluations parameters with their results. 
Agreement
The potential benefits and performance gains of frequency hopping of the DL PRS and UL SRS can be investigated in release 18, which may take into account at least the following:
· The impact of Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations
· Impact of RF retuning during frequency hopping
· Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS




In this contribution, we would like to discuss the potential enhancement for RedCap positioning based on the progress of RAN1.
Discussion
[bookmark: _Hlk93842271][bookmark: _Hlk93840853]Positioning method
In RAN1#109e, RAN1 discussed the RedCap positioning and agreed some evaluation assumption for RedCap positioning. Based on RAN1 agreement, all RAT dependent positioning methods can be supported in the evaluation phase. Correspondingly, we think it is naturally that all RAT-dependent positioning methods can also be supported in RedCap positioning in the R18 standardization phase.
	Agreement
For evaluation of RedCap UE positioning performances, all RAT based positioning methods can be considered. Sources should detail the chosen method(s) when presenting performance evaluations.


Table 1: Supported versions of UE positioning methods for RedCap positioning
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted

	DL-TDOA
	Yes
	Yes
	No

	DL-AoD
	Yes
	Yes
	No

	Multi-RTT
	No
	Yes
	Yes

	NR E-CID 
	No
	Yes
	Yes

	UL-TDOA
	No
	No
	Yes

	UL-AoA
	No
	No
	Yes


Proposal 1: For Redcap positioning, RAN2 to agree that all RAT-dependent positioning methods are not excluded. 
Identification for RedCap positioning
For RedCap positioning, due to the limited UE capability, LMF will take a specific positioning mechanism so as to support the RedCap positioning, e.g., the PRS/SRS configuration has to comply with the bandwidth restriction of RedCap UE, and/or frequency hopping will be configured. But one issue is that how can the LMF identify that this specific positioning type, i.e., LMF need to be aware of that the requested positioning is the RedCap positioning.   
Observation 1: Before initiating the LPP/NRPPa positioning procedure to UE/NG-RAN after receiving the positioning request, LMF need to aware that the positioning is targeted to RedCap UE because the PRS/SRS configuration has to comply with the bandwidth restriction of RedCap UE, etc.
Proposal 2：RAN2 to confirm that LMF should be aware of the positioning target UE is a RedCap UE so that the PRS/SRS configuration can be complied with the bandwidth restriction of RedCap UE and may be also for other configurations used for Redcap positioning.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 3: If proposal 2 is agreed, RAN2 to discuss how LMF is aware of the positioning targeting to a RedCap UE.
So as to enable the LMF to be aware of the received positioning request is for RedCap positioning, the following candidate solutions can be considered.
· Option 1:  Enable UE to report the RedCap related capability to LMF via LPP procedure;
· Option 2:  AMF to add an indication within the positioning request send to LMF, i.e., the request is for RedCap positioning;
The pros and cons of above options are analysed in the table 1.
	Options
	Pros
	Cons

	Option 1
	Simple, only RAN2 is impacted
	After receiving the positioning request, LMF still has no aware that this is for RedCap positioning;
The LPP procedure need to be enhanced

	[bookmark: _GoBack]Option 2
	LMF can directly aware that the positioning is RedCap positioning
	SA2 is impacted


Table 1: analysis of the solutions for the identification of the RedCap positioning
Proposal 4: To enable LMF to be aware of the positioning targeting to a RedCap UE, the following options can be considered:
· Option 1:  Enable UE to report the RedCap related capability to LMF via LPP procedure;
· Option 2:  AMF to add an indication within the positioning request send to LMF, i.e., the request is for RedCap positioning.
Enhancement for RedCap positioning
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]# Frequency hopping of the DL-PRS/UL-SRS
In RAN1#110 [3], RAN1 agreed that at least the frequency hopping can be considered for RedCap positioning, but the details is still FFS now. And since this is mainly within RAN1 scope, so we prefer RAN2 to wait until RAN1 makes some progress.
	Agreement
The potential benefits and performance gains of frequency hopping of the DL PRS and UL SRS can be investigated in release 18, which may take into account at least the following:
· The impact of Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations
· Impact of RF retuning during frequency hopping
· Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS


Proposal 5: RAN2 to discuss the frequency hopping of the DL-PRS/UL-SRS until RAN1 makes further progress.
# Alignment between the DRX and DL-PRS/UL-SRS 
The DRX information applied by UE and the DL-PRS/SRS configured by LMF are independent, which may result in misalignment between PRS or SRS configuration and the DRX configuration. And the scenario shown in Figure 4 may occur, i.e., transmission occasion is in DRX off. In such scenario, if UE wakes up to perform PRS measurement, additional power consumption will be introduced. Instead, if UE does not wake up, UE cannot perform the PRS measurement at the corresponding PRS transmission occasion, which may lead to positioning failure. This issue makes the DL positioning procedure at low efficient and accuracy, it also brings some unnecessary energy consumption. 


[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Figure 1: DL-PRS configuration and DRX period
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Proposal 6: RAN2 to discuss the enhancement on PRS/SRS configuration, i.e., to align with the DRX configuration. 
# Usage of Carrier phase positioning 
The solutions for accuracy improvement based on NR carrier phase measurements were approved to be studied in Rel-18. Carrier phase positioning is expected to achieve good positioning performance even without large bandwidth. Therefore, carrier phase positioning can also be applied to RedCap UE for accuracy improvement to compensate UE’s limited bandwidth.
Proposal 7: So as to improve the positioning performance, RAN2 to agree that the carrier phase positioning can be reused in RedCap positioning. 
[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discussed the solutions for the integrity of RAT dependent positioning techniques. Based on the discussion, we have the following proposals:
Positioning method
Proposal 1: For Redcap positioning, RAN2 to agree that all RAT-dependent positioning methods are not excluded. 

Identification for RedCap positioning
Observation 1: Before initiating the LPP/NRPPa positioning procedure to UE/NG-RAN after receiving the positioning request, LMF need to aware that the positioning is targeted to RedCap UE because the PRS/SRS configuration has to comply with the bandwidth restriction of RedCap UE, etc.
Proposal 2：RAN2 to confirm that LMF should be aware of the positioning target UE is a RedCap UE so that the PRS/SRS configuration can be complied with the bandwidth restriction of RedCap UE and may be also for other configurations used for Redcap positioning.
Proposal 3: If proposal 2 is agreed, RAN2 to discuss how LMF is aware of the positioning targeting to a RedCap UE.
Proposal 4: To enable LMF to be aware of the positioning targeting to a RedCap UE, the following options can be considered:
· Option 1:  Enable UE to report the RedCap related capability to LMF via LPP procedure;
· Option 2:  AMF to add an indication within the positioning request send to LMF, i.e., the request is for RedCap positioning.

Enhancement for RedCap positioning
Proposal 5: RAN2 to discuss the frequency hopping of the DL-PRS/UL-SRS until RAN1 makes further progress.
Proposal 6: RAN2 to discuss the enhancement on PRS/SRS configuration, i.e., to align with the DRX configuration. 
Proposal 7: So as to improve the positioning performance, RAN2 to agree that the carrier phase positioning can be reused in RedCap positioning. 
References
[1] [bookmark: _Ref524868549][bookmark: _Ref28076734][bookmark: _Ref505694604][bookmark: _Ref471775016]RP-213588, “Revised SID on Study on expanded and improved NR positioning.”
[2] MCC Support, “Draft Report of 3GPP TSG RAN WG1 #109-e v0.3.0”.
[3] MCC Support, “Draft Report of 3GPP TSG RAN WG1 #110-e”.
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