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Introduction
During RAN2#112 [1] and RAN1#103 meeting [2], the following agreements on on-demand PRS have been achieved:
RAN2#112
Agreements during the RAN2#112 meeting:
· RAN2 study on-demand PRS mechanism for DL-based, UL&DL-based methods (e.g. multi-RTT), and UE-Based and UE-assisted positioning methods in this SI.

RAN1#103
Agreements during the RAN1#103 meeting: 
· From a physical layer perspective, on-demand transmission and reception of DL PRS, which includes at least the following is recommended
· 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.

During the post-RAN2#112 email discussion ([Post112-e][608][POS]), the following issues of on-demand PRS have been widely discussed:
· UE-initiated request during idle/inactive or active state;
· LMF initiated request by dynamically varying PRS configuration or beam ON/OFF;
· gNB based on-demand PRS;
· PRS Overhead reduction for UE-based idle/inactive positioning
Based on the post email discussion, this contribution further provides some potential solutions to enable these two candidates of on-demand PRS, i.e. UE-initiated and LMF-initiated on-demand PRS.

General procedure for on-demand PRS
According to the agreements of RAN1#102 meeting [3], UE-initiated/LMF-initiated on-demand PRS is about UE/LMF requesting/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. The main difference between UE-initiated and LMF-initiated solution lies in who triggers the on-demand PRS, while these two candidates share a lot of common in the procedure. We would first give a general description for the procedure for on-demand PRS in Fig. 2-1.
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Fig. 2-1 The procedure for UE/LMF initiated on-demand DL PRS

1a.	Either: UE sends an on-demand PRS request through an LPP message (e.g. LPP RequestAssistanceData) including the requested or recommended PRS configuration, e.g. specific PRS pattern, ON/OFF, periodicity, BW, etc. Note that this step is optional and only applicable for UE-initiated on-demand PRS request.
1b.	Or: LMF decides on its own (e.g. Inactivity of positioning methods based on DL-PRS) that LMF-initiated on-demand PRS procedure is instigated.
2.	LMF sends an on-demand PRS request to the gNBs in an NRPPa message (e.g. TRP INFORMATION REQUEST). This request may be carried in an NRPPa message (e.g. TRP INFORMATION REQUEST).
3.    The serving and neighbouring gNBs return a response to indicate whether to support the requested PRS configuration through an NRPPa message (e.g. TRP INFORMATION RESPONSE)
4.	LMF sends a notification for the on-demand PRS request to UE through an LPP message (e.g. LPP ProvideAssistanceData), which may include the updated PRS configuration.
NOTE1: The above procedure is only applicable for RRC_CONNECTED UE.

Discussion
General
As is shown in Fig. 2-1, one of the common steps shared by these two candidates is Step 2 (initiate/forward the on-demand PRS request), one key issue is what can LMF request or recommend concerning the PRS configuration.

When it comes to the characteristics of reference signal, we have already defined for SRS and CSI-RS for Uu-link as follows:
Periodic RS that is configured with a pre-set reception occasion, and is activated upon configuration.
Semi-persistent RS that is configured with a pre-set reception occasion, but is only activated when a succeeding activation signalling is received, and can be deactivated by a succeeding deactivation signalling.
Aperiodic RS that is configured without a pre-set reception occasion, and can be activated once at any time based on a succeeding activation signalling.

Similarly, the on-demand PRS initiated by LMF can also use this concept. Therefore, we propose to define the following three types of PRS with the interaction between gNB and LMF in the 5GC.
5GC periodic PRS that corresponds to the Rel-16 PRS that is always activated from LMF perspective if provided by the TRP.
5GC semi-persistent PRS of which the transmission occasion is pre-set as provided by the TRP, and the actual transmission can be switched on/off by the LMF.
5GC aperiodic PRS of which the transmission occasion can be almost in any slot (as long as the slot format supports), and the actual transmission can be request by the LMF with a specific transmission time recommendation.

Since the required information to request transmission of the 5GC semi-persistent PRS and 5GC aperiodic PRS is different, where the former one needs ON/OFF indication, and the latter one needs specific timing of the activation, it is suggested to define the three types and the related information needed for on-demand PRS request. We have the following proposals:
Proposal 1: Support 5GC semi-persistent PRS and 5GC aperiodic PRS under the on-demand PRS framework, where
5GC semi-persistent PRS transmission periodicity/offset is pre-set and can be switched on/off per LMF request
5GC aperiodic PRS transmission is flexible in time and can be requested by LMF at any indicated time.

Based on the above discussion, we then provide some enhancements for UE-initiated and network-initiated operations to enable on-demand PRS, respectively.

UE-initiated on-demand PRS
For the UE-initiated on-demand PRS, the existing LPP messages, i.e. the LPP ProvideCapabilities or the LPP RequestAssistanceData can be reused to enable on-demand PRS. Note that in Rel-16, we define a wide variety of PRS related capabilities that reflect the UE PRS process, measurement, storage capability, and need to be taken into account when LMF provides the assistance data. For LPP RequestAssistanceData, the PCell of the UE is included as LMF knows roughly the UE location based on CID.
Observation 1: The existing LPP signalling provides a well functioned on-demand PRS request by the UE to LMF via either ProvideCapabilities or RequestAssistanceData.
Considering potential enhancement needed for Rel-17, we suggest to enhance the existing LPP messages for UE to request/suggest/recommend PRS configuration.
Proposal 2: UE sends on-demand PRS requests to LMF by enhancing the existing LPP ProvideCapabilities or RequestAssistanceData. LMF then sends the on-demand PRS request to gNB.

From the perspective of UE, it can directly request for the update of PRS configuration, or provides any available assistance information for improved accuracy, reduced latency, or device efficiency. Therefore, the requested/suggested information can be categorized into two categories:
· Type 1: Direct request of PRS configuration in the form of assistance data with the granularity of PRS resource, PRS resource set, frequency layer, TRP, etc.;
· Type 2: Assistance information that can help LMF to trigger the on-demand PRS, e.g. PRS measurement, RRM measurement, etc.
So we have the following proposal:
Proposal 3: UE can request PRS configuration with different granularities (PRS resource, PRS resource set, frequency layer, TRP, etc.) or provide any available assistance information for LMF to perform the on-demand PRS.

LMF initiated on-demand PRS
For the LMF-initiated on-demand PRS, different options for PRS request are brought up as an open question in [Post112-e][608][POS]:
When it comes to LMF initiated request for on-demand PRS; there can be two different interpretations:
· Option a: LMF dynamically varying PRS config.
· Option b: LMF recommending turning on/off beams to gNB.

To address this issue, we need to first figure out what can LMF request or recommend concerning the PRS configuration. According to TS 38.455, it can be found that LMF obtains the PRS configurations by the existing NRPPa TRP INFORMATION RESPONSE message where all potentially supported PRS configurations for each TRP served by the gNBs are included. Specifically, the PRS configurations (e.g. PRS resource set) could have the following attributes:
· 5GC Periodic PRS (always on), e.g.
· Bandwidth
· SCS
· Resource Set Periodicity
· Resource Set Slot Offset
· Resource Repetition Factor

· 5GC Semi-persistent PRS (can be switched ON/OFF), e.g.
· Bandwidth
· SCS
· Resource Set Periodicity
· Resource Set Slot Offset
· Resource Repetition Factor
· ON/OFF (can be requested)

· 5GC aperiodic PRS (can be activated in any DL slot), e.g.
· Bandwidth
· SCS
· PRS slot (can be requested)

For different types of PRS (i.e. periodic, semi-persistent, aperiodic PRS), the operations for on-demand PRS may be treated separately: 
· 5GC periodic PRS is the most inflexible PRS that can only be turned on/off via implementation or OAM, 
· 5GC semi-persistent PRS provides some opportunity for PRS overheard reduction, 
· 5GC aperiodic PRS is the most flexible PRS that requires NG-RAN to schedule PRS transmission similar to data. As the starting point, we suggest to study LMF on-demand PRS for 5GC semi-persistent PRS.

So, for different options for PRS request in [Post112-e][608][POS], we have the following observations:
· For Option a: 
· LMF should only choose the PRS configuration from the available/supported PRS configurations set, rather than vary PRS configuration arbitrarily (Option a), otherwise it would make no sense if the gNBs cannot support the requested configuration. 
· For Option b: 
· Beam ON/OFF request (Option b) can be regarded as a typical case for LMF requesting semi-persistent PRS.
Some companies proposed to define configuration ID, but if we take into account the beam specific ON/OFF, the pool of configuration IDs may explode. A more generic solution should be that for LMF on-demand PRS request (either UE-initiated or LMF initiated), LMF indicates to the TRP that
· Transmission/muting status on a resource set/resource basis for the PRS resource set labelled by the TRP as 5GC semi-persistent PRS
· Transmission/activation timing on a resource set/resource basis for the PRS resource set labelled by the TRP as 5GC aperiodic PRS
Proposal 4: For the LMF-initiated on-demand PRS, the indication of PRS request can be PRS resource set level or PRS resource level.

Note that TRP capability exchange with LMF is missing so far, so the negotiation between LMF and gNB should be introduced.
To support the on-demand request for the 5GC semi-persistent PRS, the LMF is expected to suggest the preferred PRS resources to the NG-RAN nodes, who can then configure the PRS transmission. For example, if there is no UE taking the measurement on PRS from a TRP, LMF may suggest the RAN nodes to shut-down the PRS transmission for the TRP. If there is no UE taking the measurement on the PRS on a specific beam, LMF may suggest the partial shut-down of the PRS transmission by deactivating some certain PRS resources. For the PRS transmission of a specific TRP that is already shut down, if UE needs to measure it, LMF can also suggest to turn on the PRS transmission if it finds it’s helpful for improved accuracy or reduced latency.
To support the on-demand request for the 5GC aperiodic PRS, the LMF may suggest the transmission timing of the preferred PRS resources to the NG-RAN nodes, who can then configure the PRS transmission. For example, LMF may recommend the 5GC aperiodic PRS to be transmitted in slot #7. The NG-RAN may decide the PRS transmission is possible in slot #15, and the confirmation would be replied to the LMF. If the NG-RAN decides the PRS transmission is not possible, it may reply with an error indication.
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[bookmark: _Ref61010650]Fig. 3.3- 1 NRPPa procedure for LMF to request PRS transmissions ON/OFF

As is shown in Fig. 3.3-1 (also seen in the Step 2 and Step 3 of Fig. 2-1), LMF sends an on-demand PRS request to NG-RAN; the NG-RAN takes that suggestion into account and then decides to switch on/off the respective PRS transmissions on TRPs or transmit the PRS at specific time. This request/response may be carried in the existing NRPPa message (e.g. TRP INFORMATION REQUEST/RESPONSE) or a new NRPPa message can be defined.
Proposal 5: Enhance the existing the NRPPa procedure or define a new NRPPa procedure to allow the LMF to request PRS transmissions ON/OFF.

In order to inform the LMF whether the RAN node supports the reconfiguration of PRS, it is proposed to allow RAN to provide indication of the PRS types (being 5GC semi-persistent PRS or 5GC aperiodic PRS) of the TRPs. This is important because some of the RAN node may only support R16 PRS transmission. 
Proposal 6: Allow RAN to provide indication of the PRS types (e.g. periodic, semi-persistent, aperiodic PRS) of the TRPs.

In order to let the LMF to make proper decisions on the PRS transmission suggestion for different TRPs, assistance data from TRPs and/or UEs may be helpful. A proper way is that LMF can request the RRM measurements from the target UE and then LMF can select the PRS resources based on the RRM measurements information and the PRS angle information, which can be done by e.g. enhancing NR E-CID positioning. So we have the following proposal:
Proposal 7: UE/gNB can send RRM measurement of the PRS to the LMF, with which the LMF makes suggestions on PRS transmission to the gNB.

Conclusion
Based on the above analysis and discussion, we propose the following observation and proposal:
Observation 1: The existing LPP signalling provides a well functioned on-demand PRS request by the UE to LMF via either ProvideCapabilities or RequestAssistanceData.
Proposal 1: Support 5GC semi-persistent PRS and 5GC aperiodic PRS under the on-demand PRS framework, where
5GC semi-persistent PRS transmission periodicity/offset is pre-set and can be switched on/off per LMF request
5GC aperiodic PRS transmission is flexible in time and can be requested by LMF at any indicated time.
Proposal 2: UE sends on-demand PRS requests to LMF by enhancing the existing LPP ProvideCapabilities or RequestAssistanceData. LMF then sends the on-demand PRS request to gNB.
Proposal 3: UE can request PRS configuration with different granularities (PRS resource, PRS resource set, frequency layer, TRP, etc.) or provide any available assistance information for LMF to perform the on-demand PRS.
Proposal 4: For the LMF-initiated on-demand PRS, the indication of PRS request can be PRS resource set level or PRS resource level.
Proposal 5: Enhance the existing the NRPPa procedure or define a new NRPPa procedure to allow the LMF to request PRS transmissions ON/OFF.
Proposal 6: Allow RAN to provide indication of the PRS types (e.g. periodic, semi-persistent, aperiodic PRS) of the TRPs.
[bookmark: _GoBack]Proposal 7: UE/gNB can send RRM measurement of the PRS to the LMF, with which the LMF makes suggestions on PRS transmission to the gNB.
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