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1	Introduction
The WID on Release 17 NR positioning enhancements has identified the following objectives [1]:
•	“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:
o	Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
•	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]
o	UE-initiated request of on-demand DL PRS transmission; 
o	LMF (network)-initiated request of on-demand DL PRS transmission;”
On-demand transmission and reception of DL PRS is expected to be beneficial in terms of positioning latency and accuracy, as well as network efficiency, where UE or LMF might initiate DL PRS transmissions. Regarding the on-demand PRS functionality, the following agreements were reached in the last RAN2 #113bis-e meeting [2]:
“UE-initiated on-demand PRS request is enabled by enhancing LPP RequestAssistanceData.  FFS how much control the network has over the UE request.
The UE-initiated mechanism is enabled by the UE request triggering a request from the LMF, and the actual PRS changes are requested by the LMF irrespective of whether the procedure is UE- or LMF-initiated.
Put the stage 2 description for UE-initiated and LMF-initiated PRS request under the same framework.”
We have identified in our previous contribution [3] that the additional procedure required between the UE, gNB, and LMF to realize on-demand PRS functionality would itself incur additional latency. To achieve on-demand PRS operation with reduced latency, towards matching the requirements of NR positioning and identified objectives of the positioning enhancements in [1], we have proposed pre-configuration of on-demand PRS by the network, where each PRS configuration is associated with a certain positioning QoS requirement and/or radio condition, later to be initiated by the UE or the network on demand, based on the observed conditions. 
In this contribution, we discuss the details of our proposal, and provide its implementation details.


 
2	Discussion
It was identified in [3] that procedure required for on-demand PRS functionality incurs additional latency to the NR positioning. To mitigate this, the main proposal is to pre-configure PRS configurations with an associated ID (or index) and a later on-demand initiation of a PRS configuration by indication of its ID. However, as we have discussed in [3], PRS configurations, even if preconfigured, may not satisfy the needs of UEs as they usually have different and/or varying positioning service requirements and experience different radio conditions. This would cause further negotiations between the UE and the network entities, which would result in additional latency to the NR positioning. In addition, it would be also a challenge for the network to meet and manage any request that might come from any UE at any time. For example, UEs might always ask for the most-demanding configuration, e.g., the PRS configuration with the largest bandwidth and the highest repetition frequency, eventually increasing the consumption of network resources. Therefore, mechanisms to establish network control over the UE requests is required, as also reflected as a further study in the RAN2#113bis-e agreements [2].
To address the above-mentioned challenges of on-demand PRS, we have proposed that the network pre-configures on-demand PRS by associating each PRS configuration with a specific positioning quality of service (QoS) requirement and/or radio condition in the network (besides an ID) [3]. This way, the UEs can only request the PRS configuration matching to their actual needs, and the network can pro-actively provide the PRS configurations that it can satisfy, which is determined based on the QoS and radio conditions.
Observation 1: Pre-configuration of multiple PRS configurations by associating each with a specific QoS and/or radio condition allows the network control on UE-initiated on-demand PRS. 
A simplified example illustrating a pre-configuration to be provided by the network to UEs is provided in Table 1.
Table 1 – DL PRS pre-configuration associated with QoS and radio conditions
	QoS Requirement / Radio Condition
	Pre-configured PRS Configuration

	A: High-accuracy and low-latency positioning 
	#1: a configuration with large bandwidth and short periodicity

	B: Medium accuracy and latency positioning 
	#2: a configuration with medium bandwidth and periodicity

	C: Low-accuracy and high-latency positioning 
	#3: a configuration with small bandwidth and large periodicity

	D: Positioning with large UL/DL path loss
	#4: a configuration with large power



Such pre-configuration can be determined by LMF and provided to UEs as a part of assistance data for positioning, which can take place before any positioning session. Later, for a specific positioning session, the UE or LMF initiates on-demand PRS by selecting a PRS configuration from the pre-configuration based on the QoS requirement of the positioning request, as well as the radio conditions they experience at the time of positioning.
The preconfigured mapping of on-demand PRS to QoS/radio conditions would ensure that a provided PRS pre-configuration would meet specific requirements and conditions it is tailored for, therefore would avoid any further negotiation between the UE and the network. At the same time, it narrows down the possible on-demand PRS request options for the UEs, by conditioning each possible PRS configuration to a particular situation, which avoids any potentially demanding requests that are difficult to manage on the network side. In addition to turning the PRS on and off, UEs could also initiate dynamic reconfiguration of PRS on demand, depending on the radio conditions they observe. The network could avoid too frequent or uncontrollable requests coming from the UEs by adjusting the granularity of radio conditions specified in the pre-configuration. For example, in the pre-configuration, the network can set certain thresholds on the measured received power by the UEs, to condition them to initiate the corresponding PRS configuration.
Proposal 1: For NR positioning, RAN should support on-demand PRS by conditioning its initiation with positioning QoS and/or radio conditions. The network establishes this conditioning by preconfiguring multiple PRS, each mapped to a specific positioning QoS and/or radio condition, and an ID. The UE or the network can initiate on-demand PRS matching to the given QoS and/or radio conditions in a positioning session, by simply indicating its ID, based on the pre-configuration.
To further improve the latency and minimize signalling overhead, the network could broadcast the pre-configuration to UEs beforehand or irrespective of any positioning session, in a proactive manner. For this, the existing procedures for broadcast of assistance data could be re-used and enhanced. Specifically, the LMF could first provide the pre-configuration of on-demand PRS associated with QoS/radio conditions to the serving gNB(s) of the UE(s) via an NRPPa message. Then, the gNB provides this pre-configuration to the UEs with a broadcast message via RRC signalling. UEs then stores the pre-configuration information they receive for positioning. It is FFS whether existing positioning SIB can be extended or if a new positioning SIB is needed.
Proposal 2: On-demand PRS pre-configuration associated with QoS/radio conditions is broadcast by the network to the UEs, by re-using the existing procedures for broadcast of assistance data for positioning with some enhancements.
To initiate an on-demand PRS, the UE or the network would simply indicate the ID of the PRS configuration matching to the positioning QoS or radio conditions, based on the pre-configuration information available at the both sides. In case of LMF-initiated on-demand PRS, LMF indicates PRS configuration to be utilized simply by indicating its ID to UE, which is known to UE beforehand via the pre-configuration information it has stored. Similarly, in case of a UE-initiated on-demand PRS, the UE will indicate the ID of the PRS configuration that it selected according to the QoS/radio condition it has, to request from the LMF. The LMF then could respond by activating the requested PRS, or initiate another PRS configuration by indicating its ID. The signalling between the UE and LMF to initiate/request/activate the on-demand PRS configuration can be done via LPP signalling. After determining on-demand PRS configuration, LMF activates it at the corresponding gNB(s) via NRPPa signalling.
Proposal 3: The UE or LMF initiates on-demand PRS using LPP signalling, where they indicate the ID of the PRS configuration they select based on the pre-configuration that associates PRS configurations with QoS and/or radio conditions. The LMF then activates the determined on-demand PRS configuration at the gNB(s) via NRPPa signalling.
The signalling diagram of the overall procedure of pre-configuration and initiation of on-demand PRS associated with QoS/radio conditions is provided in Fig. 1.

 
Figure 1: Signalling diagram of pre-configuration and initiation of on-demand PRS associated with QoS/radio conditions

3	Conclusion
The proposals and observations made in this contribution are summarized below.
Observation 1: Pre-configuration of multiple PRS configurations by associating each with a specific QoS and/or radio condition allows the network control on UE-initiated on-demand PRS. 
Proposal 1: For NR positioning, RAN should support on-demand PRS by conditioning its initiation with positioning QoS and/or radio conditions. The network establishes this conditioning by preconfiguring multiple PRS, each mapped to a specific positioning QoS and/or radio condition, and an ID. The UE or the network can initiate on-demand PRS matching to the given QoS and/or radio conditions in a positioning session, by simply indicating its ID, based on the pre-configuration.
Proposal 2: On-demand PRS pre-configuration associated with QoS/radio conditions is broadcast by the network to the UEs, by re-using the existing procedures for broadcast of assistance data for positioning with some enhancements.
Proposal 3: The UE or LMF initiates on-demand PRS using LPP signalling, where they indicate the ID of the PRS configuration they select based on the pre-configuration that associates PRS configurations with QoS and/or radio conditions. The LMF then activates the determined on-demand PRS configuration at the gNB(s) via NRPPa signalling.
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