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Introduction
In RAN1#105-e meeting, the following agreements were agreed [1]: 

	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

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




In this contribution, we discuss on-demand transmission and reception of DL PRS and positioning solutions for UEs in RRC_INACTIVE state.

Discussion on the on-demand DL PRS request 
An on-demand DL PRS request can be initiated by UE or LMF, corresponding to UE-initiated or LMF-initiated on-demand DL PRS.
For UE-initiated on-demand DL PRS,  the UE may request a particular DL PRS configuration, such as the start time, the duration, the periodicity, the PRS repetition, etc. of the DL PRS transmission. LMF may also send the candidate DL PRS configuration supported by the gNBs to UE for UE to request. For LMF-initiated on-demand DL PRS, LMF may also provide the recommended DL PRS configuration to gNBs to help the gNBs to allocate DL PRS resources properly. 
NR DL PRSs are normally transmitted in a beam sweeping manner. However, this approach results in inefficient usage of the DL resources, since not all beams are detectable by the UEs at all times. To improve the resource usage efficiency, on-demand DL PRS transmitted towards particular directions at a particular time should be supported for both UE-initiated and/or LMF-initiated on-demand DL PRS. The beam information can be included in the on-demand DL PRS request. Take UE-initiated on-demand DL PRS as an example, a UE can provide the DL measurements with the beam information already available in the UE to LMF when it initiates on-demand DL PRS. The measurements may include SSB/CSI-RS Indexes/DL PRS resources IDs, SS_RSRP, CSI-RSRP, etc. measured from the DL reference signals transmitted from the serving gNB and neighboring gNBs. Then, LMF forwards the reported DL measurements to the corresponding serving gNB and neighbor gNBs, where the gNBs can take the information into account and configure the DL PRS beams towards the UE location. The approach will also reduce the time needed for the UE to perform Rx beam sweeping to measure DL PRS, and the measurement latency, and improve the efficiency of DL resources.
The parameters of on-demand DL PRS request, which were agreed to be considered in RAN1#105-e, can be grouped into four categories as shown in the following table 1. In the table, we also presented our views on whether these parameters should be included the on-demand PRS requests.
Table 1: Four categories parameters of on-demand DL PRS request
	Category
	Parameters
	UE- initiated
	LMF-initiated
	Additional Comments

	Time domain 
	Start/end time of DL PRS transmission
	Y
	Y
	On-demand PRS configuration from LMF should be transmitted to a UE in a proper time before the UE starts detecting DL PRS. 

	
	ON/OFF indicator of the DL PRS
	Y
	Y
	

	
	DL PRS resource repetition factor
	Y
	Y
	In RAN2 #114-e meeting, it is agreed that the network can signal predefined PRS configurations to a UE and the UE can select one to request.  

	
	Number of DL PRS symbols per DL PRS resource
	Y
	Y
	

	
	DL PRS muting patterns
	Y
	Y
	

	
	DL PRS transmission periodicity and offset
	Y
	Y
	

	Frequency domain
	Number frequency layers or frequency layer indication
	Y
	Y
	In RAN2 #114-e meeting, it is agreed that the network can signal predefined PRS configurations to a UE and the UE can select one to request.  

	
	Combsize, start PRB, Point A of DL PRS
	Y
	Y
	

	
	DL PRS resource bandwidth 
	Y
	Y
	

	Spatial domain
	DL PRS QCL information
	Y
	Y
	With these parameters, on-demand DL PRS can be transmitted towards particular directions at a particular time for both UE-initiated and/or LMF-initiated to improve the resource usage efficiency.

	
	Number of TRPs
	Y
	Y
	

	
	Beam directions 
	Y
	Y
	

	Others
	DL-PRS resource set IDs

	Y

	Y

	In RAN2 #114-e meeting, it is agreed that the network can signal predefined PRS configurations to a UE and the UE can select one to request.  

	
	Number of PRS resources per PRS resource set
	Y
	Y
	



Proposal 1: For UE-initiated on-demand DL PRS, the UE may provide the following information to the gNB and/or LMF when the UE sends an on-demand PRS request to the LMF:
· DL measurements available in UE, which may include SS-RSRP, CSI-RSRP, etc., measured from the serving gNB and neighboring gNBs;
· The requested DL PRS resources in the time,  frequency and spatial domains related to target positioning performance (e.g., the start time, duration, periodicity, the repetition number of PRS resources, etc.) to help the gNBs to allocate DL PRS resources properly.
Proposal 2: For LMF-initiated on-demand DL PRS, the LMF may provide the following information to the gNB when the LMF sends the request to the gNB:
· The requested DL PRS resources in the time, frequency and spatial domains related to target positioning performance (e.g., the start time, duration, periodicity, and repetition number of PRS resources, etc.) to help the gNB to allocate DL PRS resources properly.

When a serving gNB responds to LMF-initiated on-demand DL PRS request for a UE, the serving gNB provides the information of allocated on-demand DL PRS resources to the LMF. If DL/UL measurements related to the UE are available at the gNB, the gNB may also include the DL/UL measurements in the response, since the DL/UL measurements may be useful for the LMF to determine DL PRS assistance data for the UE. 
When a non-serving gNB responds to LMF-initiated on-demand DL PRS request for a UE, the gNB may provide the information of allocated on-demand DL PRS resources in the time and frequency domain for supporting the on-demand DL PRS to the LMF.
Proposal 3: When a serving gNB sends the response to LMF-initiated on-demand DL PRS for a UE, the serving gNB may provide the following information to the LMF in addition to the allocated DL PRS resources for supporting the on-demand DL PRS:
· DL measurements reported by the UE if available at the gNB, which may include SS-RSRP, CSI-RSRP, etc., measured from the DL RS of serving gNB and neighboring gNBs;
· UL measurements related to the UE if available at the gNB, which may include SRS-RSRP, etc., measured by the serving gNB.
The discussion on latency reduction related to on-demand PRS can be seen in our companion contribution [2].

[bookmark: _Ref47295947]Positioning for UEs in RRC_INACTIVE state
In RAN1#105-e meeting, the following agreement for UEs in RRC_INACTIVE state was achieved [3]: 

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

In Rel-16, if a UE not in RRC_CONNECTED state wants to perform RAT-dependent positioning, it has to first enter into RRC_CONNECTED state. This may limit the number of UEs that can be positioned at the same time, and increase the latency and power consumption. Therefore, in Rel-17, it was agreed to support RAT-dependent positioning for UEs in RRC_INACTIVE state. 
For DL positioning in RRC_INACTIVE state, we should consider the aspects of DL PRS measurement and measurement results reporting. In Rel-16, for a UE in RRC_INACTIVE state, the UE could obtain the PRS configuration from the broadcasting system information. This implies UE-based DL positioning in RRC_INACTIVE state has been supported. For UE-assisted DL positioning, UE has to report the measurement results to LMF. However, there is no data transmission in RRC_INACTIVE state in Rel-16. In Rel-17, RAN2 has been working on UL small data transmission, which utilizes a RACH-based scheme to enable user plane data transmission. From our point of view, it may be feasible to report the measurement results using Msg3 of 4-step RACH or using MsgA of 2-step RACH when a UE is in RRC_INACTIVE state.
Proposal 4: For UE-assisted DL positioning for UEs in RRC_INACTIVE state, support: 
· gNB to broadcast DL PRS assistance information in the system information; 
· UE to report DL measurement results to the serving gNB using RACH, and serving gNB to forward the DL measurement results to LMF.

For UL positioning in RRC_INACTIVE state, UE needs to send SRS-Pos for UL measurement. In Rel-16, gNB provides SRS-Pos configurations for a UE when the UE is in RRC_CONNECTED state. We may consider the following three SRS configuration methods for a UE in RRC_INACTIVE state:
1. Method 1: Reusing RRC_CONNECTED state SRS-Pos configurations information. When the UE enters into RRC_INACTIVE state, it reserves SRS-Pos configurations obtained in RRC connected state. 
1. Method 2: Using a paging message to send SRS-Pos configuration information. The network initiates the UL positioning procedure by transmitting the paging message, which includes SRS-Pos configuration information, at the UE's paging occasion. After receiving the paging message, the UE extracts SRS-Pos configuration information for UL SRS-Pos transmission.
1. Method 3: Using SRS-Pos configuration information obtained by the UE in a new RACH procedure. Before sending SRS-Pos, the UE can initiate a new RACH process. In the process of RACH, the SRS-Pos configuration information can be obtained from Msg2 or MsgB.

[bookmark: p12]Proposal 5: Support the following three SRS-Pos configuration methods for UL positioning in RRC_INACTIVE state:
· UE keeps the SRS-Pos configuration information obtained in RRC_CONNECTED state. 
· UE obtains the SRS-Pos configuration information through the paging message.
· Introducing a new RACH procedure for UE to obtain the SRS-Pos configuration information.

Conclusion 
In this contribution, we discuss on-demand DL PRS and positioning solutions for UEs in RRC_INACTIVE state, and give the following proposals:
Proposal 1: For UE-initiated on-demand DL PRS, the UE may provide the following information to the gNB and/or LMF when the UE sends an on-demand PRS request to the LMF:
· DL measurements available in UE, which may include SS-RSRP, CSI-RSRP, etc., measured from the serving gNB and neighboring gNBs;
· The requested DL PRS resources in the time, frequency and spatial domain, and/or the QoS parameters related to target positioning performance (e.g., the start time, duration, periodicity, the repetition number of PRS resources, etc.) to help the gNBs to allocate DL PRS resources properly.
Proposal 2: For LMF-initiated on-demand DL PRS, the LMF may provide the following information to the gNB when the LMF sends the request to the gNB:
· The requested DL PRS resources in the time, frequency and spatial domain, and/or the QoS parameters related to target positioning performance (e.g., the start time, duration, periodicity, and repetition number of PRS resources, etc.) to help the gNB to allocate DL PRS resources properly.
Proposal 3: When a serving gNB sends the response to LMF-initiated on-demand DL PRS for a UE, the serving gNB may provide the following information to the LMF in addition to the allocated DL PRS resources for supporting the on-demand DL PRS:
· DL measurements reported by the UE if available at the gNB, which may include SS-RSRP, CSI-RSRP, etc., measured from the DL RS of serving gNB and neighboring gNBs;
· UL measurements related to the UE if available at the gNB, which may include SRS-RSRP, etc., measured by the serving gNB.
Proposal 4: For UE-assisted DL positioning for UEs in RRC_INACTIVE state, support: 
· gNB to broadcast DL PRS assistance information in the system information; 
· UE to report DL measurement results to the serving gNB using RACH, and serving gNB to forward the DL measurement results to LMF.
Proposal 5: Support the following three SRS-Pos configuration methods for UL positioning in RRC_INACTIVE state:
· UE keeps the SRS-Pos configuration information obtained in RRC_CONNECTED state. 
· UE obtains the SRS-Pos configuration information through the paging message.
· Introducing a new RACH procedure for UE to obtain the SRS-Pos configuration information.
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