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The revised WID [1] for positioning enhancements in Rel. 17 has identified that on-demand PRS would be supported in Rel. 17.  In TR 38.857 [2], the following enhancements are recommended from the physical layer perspective.

-	UE-initiated request of on-demand DL PRS transmission
-	LMF (network)-initiated request of on-demand DL PRS transmission
-	Above enhancements are recommended for both DL and DL+UL positioning methods and both UE-based and UE-assisted positioning solutions.

In RAN2#114bis, we made the following agreements
	Agreements:

· The network can signal predefined PRS configurations to the UE and the UE can select one to request.  FFS if the UE can request a configuration with different parameters and exactly which parameters are flexible.
· The procedure(s) for on-demand DL-PRS should support at least the following functionality (up to RAN3 what is in NRPPa vs. OAM, etc.):
-	Providing the requested on-demand DL-PRS configuration information from an LMF to the gNB (e.g., explicit parameter or identifier of a predefined DL-PRS configuration), and confirmation of the request by the gNB
 -	Provision of (possible/allowed) on-demand DL-PRS configurations that the gNB can support from a gNB to an LMF
-	TRP capability transfer (e.g., whether the RAN node supports the reconfiguration of DL-PRS, etc.)




Moreover, in RAN2#115e, we made the following agreements: 
Agreements:
Before providing available DL-PRS configuration to the UE, the LMF may obtain configuration information on what DL-PRS can be supported from one or more TRPs via NRPPa.
Capture the steps provided above as a baseline, along with a note indicating it remains FFS if the UE can send the MO-LR to request on-demand PRS.
FFS if we indicate to SA2 that MO-LR can be used to trigger on-demand PRS procedure.
It is up to Network (LMF) implementation on the steps to follow (accept/reject/ignore) on receiving request from UE for changing the DL-PRS configurations.

Furthermore, in RAN2#115e, we made the following agreements: 
Agreements:
RAN2 to agree to support the UE originated request of on-demand PRS via MO-LR for autonomous self location.
RAN2 to agree that UE can send an MO-LR Request message included in an UL NAS TRANSPORT message to the serving AMF including an LPP Request Assistance Data message which is used for on-demand DL-PRS transmission, and the MOLR-Type of this MO-LR Request message is “assistanceData”. 

	FFS if we indicate to SA2 that MO-LR can be used to trigger on-demand PRS procedure.
	
	It is up to Network (LMF) implementation on the steps to follow (accept/reject/ignore) on receiving request from UE for changing the DL-PRS configurations.

RAN2 to agree the following general stage 2 procedure as baseline for UE initiated on-demand PRS via MO-LR. (13/14) [Figure 2 of R2-2109483, with the associated list of steps as given in section 5 of R2-2109483.] To be discussed in development of the running stage 2 CR (post-meeting) how much of this detail we need to capture in 38.305.

The UE may initiate an on-demand PRS request per positioning method including DL-TDoA, DL-AoD and Multi-RTT, via the existing LPP RequestAssistanceData message. 

There is no need for introducing a new LPP message to carry the on-demand PRS request.


Likewise, RAN1 has reached the following agreemenent on the onmeters in RAN1#106e:

	At least the following list of on-demand DL PRS parameters is supported for UE-initiated and LMF-initiated on-demand DL PRS requests
1.	 DL PRS Periodicity
2.	 DL PRS resource bandwidth
3.	 DL PRS QCL information




In RAN1#106b-e, following was agreed that the following parameters can be requested by the UE: 
	1. The following list of parameters is supported for UE-initiated and LMF initiated on-demand DL PRS request
0. Start/end time of DL PRS transmission
0. DL PRS resource repetition factor
0. Number of DL PRS resource symbols per DL PRS resource 
0. DL-PRS CombSizeN
0. Number of DL PRS frequency layers
0. ON/OFF indicator (for LMF initiated request only)
1. FFS values for requested on-demand DL PRS parameters and whether parameters are resource-specific, TRP-specific, or PFL-specific




In this contribution, we outline our proposal of requesting transmission of a group of DL-PRS resources with a certain set of characteristics. 

On-demand PRS 
The UE may need to request the network to switch on certain PRS if there are no existing PRS transmissions or if the existing PRS do not meet the positioning requirements for the UE. In the latter case, the UE may want to specify certain characteristics that it would like to have. 

PRS requested on-demand by the UE could be supported by two options
Option 1) Allowing the UE to request the PRS with specific values of one or more allowed parameters
Option 2) Selecting from a set of allowed configurations provided by the network 

The advantage of the first option is its flexibility for the UE. The UE can flexibly request any allowed parameter flexibly, so that its positioning request can be fulfilled. This may be advantageous in scenarios where the DL-PRS are currently not being transmitted, and the UE may be able to request the DL-PRS that is most optimal for the UE. In this scenario, the assistance data is likely to be small, since only the parameters that can be flexibly allocated needs to be signaled.

However, if multiple UEs are requesting multiple parameters the NG-RAN might not able to support those parameters. In such scenarios, additional delays can arise because the parameters and configurations that can be supported may need to be negotiated among multiple NG-RANs, LMF and UE.  When the DL-PRS with parameters flexibly chosen by the UE are supported, this causes a large number of DL-PRS configurations that are transmitted by the network to support each UE optimally. Given the different values each parameter can take, this results in a lot of combinatorial possibilities it may not be realistic for network to allow full flexibility in selection of parameters for on-demand PRS. 
A comparatively larger assistance data is needed to signal each active DL-PRS transmission to the UE, when the parameters are flexibly chosen compared to the case where the parameters are restricted by the network. In absence of this information, the UE does not know which configurations are already being transmitted by the network, so it cannot choose one of the already available configurations which could still fulfill the requirements. In absence of broadcast of configuration of the on-demand PRSs already being transmitted, there may be too many UE-specific PRS transmissions that cannot be jointly utilized by multiple UEs. 

Although the second option compromises the ability of the UE to request the most optimal PRS from the UE’s perspective, it still allows allow the UE to select a subset of DL-PRS configuration from the set of available DL-PRS configurations that can be supported by the network. This approach eliminates the possibility of the UE requesting the configuration being requested by the UE, which can anyway not be fulfilled by the network. Furthermore, the network can generate a set of configurations that are optimal for the deployment area and announce the set of DL-PRS as a part of network provisioning. 

A subset of DL-PRS configuration will have the on-demand parameter set to a certain value. This subset shall be identified by an identifier. One way to support flexible request from the UE is to bundle set of configurations together, so that the resources in a bundle have a parameter that has a common value. A bundle may have one or more resources that are simultaneously activated in the network or measured by the UE. As an example, for DL-TDOA, if the UE is requesting a bandwidth of 100 MHz, then the most suitable combination is to have 100 MHz PRS transmission from a set of TRPs. In this case, the DL-PRS resources from these four TRPs form a bundle, which is identified by an identifier, and can be requested to be activated by the UE.

For example, if the network would allow supporting the UE to request bandwidth flexibly between 20 MHz, 50 MHz and 100 MHz, then it would create a bundle of resources having of 20 MHz bandwidth, a second bundle of resources having 50 MHz bandwidth, and a third bundle of resources 100 MHz bandwidth. If the UE needs 100 MHz bandwidth, then it signals the identifier indicating the bundle of 100 MHz. 

Observation 1: High overhead would result when the different on-demand DL-PRS parameters, in multiple combinations, are freely chosen by the UE. 

Observation 2: The overhead is reduced by grouping on-demand parameters into sets or bundles that can be supported by network, the UE can then identify and request the desired parameter bundle.
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Figure 1: Example of bundling multiple on-demand DL-PRS parameters over multiple TRPs for DL-TDOA.


Observation 3: The network can restrict the parameters that can be combined together, and only allow combinations that can be triggered immediately, thereby reducing latency. 

In summary, the supported flexible configurations shall be signaled to the UE as bundles. Within a bundle, the on-demand parameter or a set of on-demand parameters is fixed. The UE selects one of the bundles and makes the request to LMF. 

Proposal 1: The UE shall only request on-demand PRS from the set of available PRS configurations provided by the network. 

Proposal 2: The network shall signal the UE (e.g. via posSibs) the DL-PRS that are already being transmitted and the set of configurations that can further be requested by the UE. 

Proposal 3: The available configurations shall be bundled, so that the UE requests an identifier corresponding to the bundle of on-demand DL-PRS from the network. The bundle may consist of one or more DL-PRS resources, which have a common on-demand parameter (e.g. bandwidth), and identified by an identifier. 


Conclusions 

In this contribution, we have made the following observations:

Observation 1: High overhead would result when the different on-demand DL-PRS parameters, in multiple combinations, are freely chosen by the UE. 

Observation 2: The overhead is reduced by grouping on-demand parameters into sets or bundles that can be supported by network, the UE can then identify and request the desired parameter bundle.

Observation 3: The network can restrict the parameters that can be combined together, and only allow combinations that can be triggered immediately, thereby reducing latency. 

Based on the above observations, we make the following proposals: 

Proposal 1: The UE shall only request on-demand PRS from the set of available PRS configurations provided by the network. 

Proposal 2: The network shall signal the UE (e.g. via posSibs) the DL-PRS that are already being transmitted and the set of configurations that can further be requested by the UE. 

Proposal 3: The available configurations shall be bundled, so that the UE requests an identifier corresponding to the bundle of on-demand DL-PRS from the network. The bundle may consist of one or more DL-PRS resources, which have a common on-demand parameter (e.g. bandwidth), and identified by an identifier. 
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