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Introduction
In RAN#90-e meeting, a new work item for NR positioning enhancements was approved [1], in which the motivation to support positioning enhancements to attain Rel-17 target positioning requirement was justified for both commercial and IIoT use cases. The objectives of this new work item are to specify solutions to provide higher accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc). 
In RAN#91-e meeting, the work item for NR positioning enhancement was revised [2], where objectives including latency and NW/UE efficiency enhancements were further extended and updated:
	· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]
· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3, RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state
· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1, RAN3]
· UE-initiated request of on-demand DL PRS transmission; 
· LMF (network)-initiated request of on-demand DL PRS transmission;


In RAN1#105-e meeting, the RAN2-led enhancements for positioning was discussed for the first time. In this contribution, we continually provide our views on issues including the positioning for UEs in RRC_inactive state and on-demand transmission/reception of DL PRS.
Positioning for UEs in RRC_inactive state
In the revised WID, the positioning for UEs in RRC_inactive state will be specified for both UE-based and UE-assisted positioning. The 1st priority to support the measurements and reporting for DL positioning, and the enhancements for UL, and DL+UL positioning is labelled as 2nd priority. 
In the last meeting, support of DL, UL and DL+UL positioning for UEs in RRC_inactive state was discussed, and the following agreement regarding DL positioning was reached:
	Agreement:
NR positioning supports DL PRS-RSRP (section 5.1.28 in the TS 38.215) and DL RSTD (section 5.1.29 in the TS 38.215) measurements by UEs in RRC_INACTIVE state
· FFS additional potential impact on RAN1


Regarding the support of UL and DL+UL positioning for UEs in RRC_inactive state, there were some companies argued that the enhancement is labelled as 2nd priority in the revised WID, and RAN1 should do nothing before RAN2 confirms the supporting of UL and DL+UL positioning in RRC_inactive state. During the RAN2#114-e meeting, RAN2 also discussed the 2nd priority objectives for UL/UL+DL positioning in RRC_INACTIVE on the configuration in UL positioning and so far, and has not reached any conclusion considering it is still open in RAN1 on how positioning SRS should be used for UE in RRC_INACTIVE. 
In our views, RAN2 has not preclude any solutions for RRC_inactive positioning, and since enabling UL positioning in RRC_inactive state needs more effort in RAN1, RAN2 cannot make more progress unless RAN1 provides some output and guidance. 
Observation 1: RAN2 has not preclude any solutions for RRC_inactive positioning, regarding the support of UL/DL+UL positioning in RRC_inactive state, RAN2 cannot make more progress unless RAN1 provides some output and guidance.
Enhancement on SRS for positioning
In RAN1#105-e meeting, for companies supporting the UL/DL+UL positioning in RRC_inactvie state, the configuration and transmission of SRS for positioning was proposed and discussed. Meanwhile, RAN2 also intensively discussed potential solutions of support the UL/DL+UL positioning in RRC_inactvie state by enhancing the SRS for positioning. Therefore, from our perspective, RAN1 should at least agree to support the configuration and transmission of SRS for positioning by UEs in RRC_inactive state for UL and DL+UL positioning:
1) One or more SRS for positioning resource sets can be configured via system information. The configuration of the SRS for positioning including the BW, periodicity, resource type, RE mapping pattern, power control parameter and spatial relation information can be recommended by the LMF to the gNB based on the UE capability, location service requirement, etc. It is up to the gNB to make the final decision and report the configurations back to the LMF;
2) When a UE has location request (for NI-LR or MT-LR, the location request along with the LCS requirements can be transport to the UE using paging), it can initiate a RACH procedure. Dedicated RACH preamble for positioning, or a new defined positioning event can be used to inform the TRP that the UE has location service and requests SRS for positioning resources. The UE can additionally report its location service requirements, UE capability, and expected configuration of SRS for positioning to the TRP via Msg3/A;
3) The TRP can allocate one or more SRS resource sets and indicate to the UE in Msg4/B;
4) The UE transmits the SRS for positioning in RRC_inactive state.
Proposal 1: Configuration and transmission of SRS for positioning is supported by UEs in RRC_INACTIVE state for UL and DL+UL positioning.
Enhancement on RACH procedure
By using the RACH procedure, the UE can use the RACH preamble as the UL reference signal for positioning. Considering the UL-TDOA and multi-RTT positioning, where the UL positioning signals should be measured by multiple TRPs, some further issues should be studied, such as how to allow neighboring TRPs to monitor the RACH preamble, how to handle the potential contentions of RACH preamble from different TRPs. In our view, it is more suitable to enhance the NR E-CID positioning using the RACH preamble to obtain the UL measurements for UEs in RRC_inactive state. In addition, to differentiate the purpose of legacy RACH procedure and using RACH procedure for positioning, dedicated RACH for positioning resources can be defined and allocated. Since the bandwidth of the RACH preamble is limited, it is applicable for positioning services with relaxed accuracy requirement. 
Proposal 2: Support using RACH preamble as the UL reference signals for RRC_inactive state positioning 
Proposal 3: Support enhancing NR E-CID using RACH preamble to obtain the UL measurements.
On-demand DL PRS
In Rel-16 positioning, the DL PRS is a “always-on” signal, it will be transmitted even when no UE requires positioning, which is harmful for the NW RS overhead. In the study item phase of Rel-17, on-demand DL PRS has been intensively discussed, which refers to the UE-initiated or network-initiated request of DL PRS, including the UE or NW request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc.
DL PRS parameters
In the last meeting, aspects regarding on-demand DL PRS support was discussed, and two alternatives, i.e., pre-configuration-based solution and non-pre-configuration-based solution were proposed. From RAN1’s perspective, the design of on-demand DL PRS including its framework and signaling are mainly within the scope of RAN2 WG, and from the agreements made by RAN2#114-e, at least the pre-defined on-demand DL PRS configurations can be signaled to the UE and the UE can selected one to request. In RAN1#105-e, RAN1 discussed on the DL PRS parameters for both UE- and LMF-initiated on-demand DL PRS request, and the related agreement was recapped as follows:
	Agreement:
· For potential signaling of one or more parameters (such signaling is not yet agreed) for both UE- and LMF- initiated on-demand DL PRS request, consider at least the following (all parameters will not necessarily be supported and all parameters may not be applicable to both UE-initiated and LMF-initiated on-demand DL PRS request)
1. Start/end time of DL PRS transmission
2. DL PRS resource bandwidth
3. DL-PRS resource set IDs
4. DL PRS resource IDs
5. DL PRS transmission periodicity and offset
6. DL PRS resource repetition factor
7. Number of DL PRS symbols per DL PRS resource
8. DL PRS muting patterns
9. DL PRS QCL information
10. Number of TRPs
11. Number of PRS resources per PRS resource set
12. Number frequency layers or frequency layer indicator
13. Beam directions 
14. Combsize, start PRB, Point A of DL PRS
15. ON/OFF indicator of the DL PRS
· FFS additional parameters indicated for UE and/or LMF initiated on-demand DL PRS request


In the following, we provide our views on each parameter whether it should be supported or not:
	DL PRS parameters
	UE-initiated
	LMF-initiated

	Start/end time of DL PRS transmission
	Yes
	Yes

	DL PRS resource bandwidth
	Yes
	Yes

	DL-PRS resource set IDs
	Yes (with condition)
According to the agreement made by RAN2, the UE can be configured with a set of possible on-demand DL-PRS configurations, where each on-demand DL-PRS configuration has an associated identifier. The UE can simply request one or more configuration IDs. Additionally, since the pre-defined on-demand DL PRS may not be completely proper regarding the LCS QoS requirement, or the UE capability, etc, the UE can further request subsets of DL PRS resource set IDs from the pre-defined configurations.
	Yes

	DL PRS resource IDs
	Yes (with condition). 
Refer to DL PRS resource set IDs.
	Yes

	DL PRS transmission periodicity and offset
	Yes
	Yes

	PRS resource repetition factor
	Yes
It is related to the UE Rx beam sweeping.
	Yes

	Number of DL PRS symbols per DL PRS resource
	No
It is related to the DL PRS pattern, and the comb size of the DL PRS. In our view, the comb size of the DL PRS may be dependent on the deployment and multiplexing of TRPs, which is not valid for single UE to request.
	No

	DL PRS muting patterns

	No
Similar with the number of DL PRS symbols per DL PRS resource, the DL PRS muting pattern is more like a deployment-level parameter and is not reasonable to be a UE-specific parameter.
	Yes

	DL PRS QCL information
	Yes
	Yes

	Number of TRPs;
	Yes
	No

	TRP information (e.g., TRP IDs);
	Additionally, the UE can request on-demand DL PRS under certain TRPs (e.g., to further improve the measurement quality regarding that requested TRP), therefore, besides the number of TRPs, TRP information including TRP IDs can also be requested by the UE.
	Yes

	Number of PRS resources per PRS resource set
	Yes
	Yes

	Number frequency layers or frequency layer indicator
	Yes
	Yes

	Beam directions
	Yes
	Yes

	Combsize, start PRB, Point A of DL PRS
	No
	No

	ON/OFF indicator of the DL PRS
	Yes

	Yes


According to the above analysis, we propose that:
Proposal 4: For potential signaling of one or more parameters for UE-initiated on-demand DL PRS request, at least the following should be supported:
· Start/end time of DL PRS transmission
· DL PRS resource bandwidth
· DL-PRS resource set IDs
· DL PRS resource IDs
· DL PRS transmission periodicity and offset
· DL PRS resource repetition factor
· DL PRS muting patterns
· DL PRS QCL information
· TRP information (e.g., TRP ID)
· Number of PRS resources per PRS resource set
· Number frequency layers or frequency layer indicator
· Beam directions 
· ON/OFF indicator of the DL PRS
Proposal 5: For potential signaling of one or more parameters for LMF-initiated on-demand DL PRS request, at least the following should be supported:
· Start/end time of DL PRS transmission
· DL PRS resource bandwidth
· DL-PRS resource set IDs
· DL PRS resource IDs
· DL PRS transmission periodicity and offset
· DL PRS resource repetition factor
· DL PRS QCL information
· Number of TRPs
· TRP information (e.g., TRP ID)
· Number of PRS resources per PRS resource set
· Number frequency layers or frequency layer indicator
· Beam directions 
· ON/OFF indicator of the DL PRS
ON/OFF trigger of on-demand DL PRS
In our companion’s contribution in DL-AoD enhancement AI [2], we provide our views on the two-step beam sweeping solution, which has potential benefits on the positioning performance and network efficiency. In our view, it is under the framework of request/triggering a second stage DL PRS in an on-demand manner. In the following, we further discuss the details on the ON/OFF trigger of the on-demand DL PRS.
Based on the analysis on on-demand DL PRS parameters, at least for the pre-configuration-based solution, one or more sets of on-demand DL PRS can be pre-configured by the LMF, and be dynamically triggered by UE or NW regarding the LCS service requirement. This is beneficial for both NW efficiency and positioning latency. To be specific, in case that a NW client initiates a location service with tight requirement, the LMF can inform the gNB to activate/trigger one or more pre-configured on-demand DL PRS configurations for the UE, using low layer singaling (e.g., MAC-CE and DCI). In addition, in case of the UE-initiated on-demand DL PRS, or the measurement quality cannot meet the requirement due to the complicated propagation environment, the UE itself should be able to request the NW to trigger one or more pre-configured on-demand PRS resources. Take the two-step beam sweeping as an example, the request can indicate a required beam direction, or the DL PRS resource ID from the wide beam resource set, to the NW, so that the NW can enable the narrow beam resource set toward the UE, which achieves a tradeoff between the positioning accuracy, and the NW efficiency.
[bookmark: _GoBack]Proposal 6: NR positioning should support the ON/OFF request/activates/trigger of one or more pre-configured on-demand DL PRS configurations via lower layer signalling.
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss the RAN2-led enhancements for positioning, and the following observations and proposals are provided:
Observation 1: RAN2 has not preclude any solutions for RRC_inactive positioning, regarding the support of UL/DL+UL positioning in RRC_inactive state, RAN2 cannot make more progress unless RAN1 provides some output and guidance.
Proposal 1: Configuration and transmission of SRS for positioning is supported by UEs in RRC_INACTIVE state for UL and DL+UL positioning.
Proposal 2: Support using RACH preamble as the UL reference signals for RRC_inactive state positioning 
Proposal 3: Support enhancing NR E-CID using RACH preamble to obtain the UL measurements.
Proposal 4: For potential signaling of one or more parameters for UE-initiated on-demand DL PRS request, at least the following should be supported:
· Start/end time of DL PRS transmission
· DL PRS resource bandwidth
· DL-PRS resource set IDs
· DL PRS resource IDs
· DL PRS transmission periodicity and offset
· DL PRS resource repetition factor
· DL PRS muting patterns
· DL PRS QCL information
· TRP information (e.g., TRP ID)
· Number of PRS resources per PRS resource set
· Number frequency layers or frequency layer indicator
· Beam directions 
· ON/OFF indicator of the DL PRS
Proposal 5: For potential signaling of one or more parameters for LMF-initiated on-demand DL PRS request, at least the following should be supported:
· Start/end time of DL PRS transmission
· DL PRS resource bandwidth
· DL-PRS resource set IDs
· DL PRS resource IDs
· DL PRS transmission periodicity and offset
· DL PRS resource repetition factor
· DL PRS QCL information
· Number of TRPs
· TRP information (e.g., TRP ID)
· Number of PRS resources per PRS resource set
· Number frequency layers or frequency layer indicator
· Beam directions 
· ON/OFF indicator of the DL PRS
Proposal 6: NR positioning should support the ON/OFF request/activates/trigger of one or more pre-configured on-demand DL PRS configurations via lower layer signalling.
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