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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13][bookmark: _GoBack]Introduction
A major positioning topic of R17 is the study of on-demand PRS. In RAN2 #111 e-meeting we agreed to study on-demand PRS in priority.
Agreement
RAN2 to study positioning in idle/inactive mode, on-demand PRS, and latency analysis in the study phase.

In this document, we discuss the procedure of on-demand PRS and give our proposals.
2. Discussion
On-demand PRS is similar to on-demand SI which is already existed in R16 to make PRS configuration more flexible and to optimize network resources. Excluding UE initiating on-demand PRS requests, there’s also on-demand PRS initiation from LMF base on the agreement.
	Agreement:
· Semi-persistent and a-periodic transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable semi-persistent and a-periodic DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· On-demand transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable on-demand DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· Notes: 
· Semi-persistent means MAC-CE triggered
· Aperiodic would correspond to DCI-triggered
· On-demand corresponds to the UE-initiated or network-initiated request of PRS and/or SRS. So, it is NOT the same as whether PRS is DCI-triggered or MAC-CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. 


2.1. On-demand PRS in connection mode
In connection mode, UE and network can exchange on-demand requests and responses by dedicate signals. For UE initiated on-demand PRS, UE can send the request either by RRC signal or by LPP signal.
2.1.1. On-demand PRS initiated by UE
2.1.1.1.  LMF decide on-demand PRS
If multiple TPs are controlled by different gNBs, then it is the responsibility of LMF to decide what kind of PRS should be used by these gNBs and inform them to start applying the new configuration.


Figure 1 UE initiate on-demand PRS by RRC
· Step 1: UE sends its requirement to gNB by RRC.
· Step 2: serving gNB inform LMF with the on-demand requirement.
· Step 3: LMF will decide whether or what patterns of PRS should be configured.
· Step 4: LMF informs all the related gNB with the new PRS configurations.
· Step 5: The new PRS configurations are informed to UE through RRC signals.
Proposal 1: UE initiate on-demand PRS request and network response can be sent by RRC signals.



Figure 2 UE initiate on-demand PRS by LPP
· Step 1: UE sends its requirement to gNB by LPP.
· Step 2: LMF decide whether or what patterns of PRS should be configured.
· Step 3: LMF informs all the related gNB with the new PRS configurations.
· Step 4: The new PRS configurations are informed to UE through LPP.
Proposal 2: UE initiate on-demand PRS request and network response can be sent by LPP.
2.1.1.2. gNB decide on-demand PRS
It is based on gNB implementation. If multiple TPs are controlled by one gNB, then gNB itself can decide what kind of PRS configuration should be used and it then inform LMF with the new configurations. And if multiple TPs are controlled by multiple gNB, serving gNB also can use Xn signals to inform other gNB with the new PRS configurations.


Figure 3 UE initiate on-demand PRS, decide by gNB
· Step 1: UE sends its requirement to gNB by RRC.
· Step 2: serving gNB itself to decide the new PRS configurations.
· Step 3: serving gNB to inform neighbor gNB of the new PRS configuration.
· Step 4: neighbor gNB response whether accepting the PRS configure.
· Step 5: gNB informs LMF of the configuration.
· Step 6: The new PRS configurations are informed to UE through RRC signals.
Proposal 3: Both LMF decides on-demand PRS and gNB decide on-demand PRS should be supported for different use cases. Whether Xn signals are needed is left for RAN3 discussion.
2.1.2. On-demand PRS initiated by LMF
On-demand PRS can also be initiated by LMF.


Figure 4 on-demand PRS initiate by LMF
Figure 3 shows LMF initiate on-demand PRS, the difference with UE initiate is the starting request comes from LMF to gNB.
· Step 1: LMF initiated on-demand PRS and decide on the PRS configurations.
· Step 2: gNB starts to use the new PRS configured by LMF.
· Step 3.a/step3.b: step3.a and step 3.b are alternative. After delivery of PRS configuration to gNB, LMF may inform UE with LPP or UE can be informed by serving gNB.
For latency and resource considering, in case LMF initiate on-demand PRS, it’s better that LMF decide the PRS configuration and inform related gNBs.
Proposal 4 LMF initiate on-demand PRS can be decided by LMF.
2.2. On-demand PRS in idle/inactive mode
Similar to on-demand SI, the requirement from UE can be sent by msg3 or msgA.
2.2.1. On-demand PRS send by msg3
4 step RACH


Figure 5 UE initiate on-demand PRS send by msg3 through 4 step RACH
In this case, UE sends onDemandPRS-Request after receiving Radom access response from gNB and packet onDemandPRS-Request context into msg3. Then UE will move to connection mode and wait for gNB reconfigurations. After receiving reconfiguration, UE should wait for release indicated by gNB. This is different from on-demand SI, idle mode on-demand SI prevents UE from entering connection mode, but UE needs to enter connection mode in case of on-demand PRS.
Observation 1 idle/inactive on-demand PRS can be sent by msg3 and UE need to enter connection mode and wait for network release after receiving the response from gNB.
2.2.2. On-demand PRS send by msgA

2 step RACH:


Figure 6 UE initiate on-demand PRS send by msgA by 2 step rach
UE sends onDemandPRS-Request to gNB together with msg1 by msgA. After MSGA transmission, the UE monitors for a response from the network within a configured window. For CFRA, upon receiving the network response, the UE ends the random access procedure. For CBRA, if contention resolution is successful upon receiving the network response, the UE ends the random access procedure.; while if the fallback indication is received in MSGB, the UE performs MSG3 transmission. If contention resolution is not successful after MSG3 (re)transmission(s), the UE goes back to MSGA transmission. Same with 2.2.1, UE also needs to enter connection mode in this case.
Observation 2 idle/inactive on-demand PRS can be sent by msgA. 
2.2.3. LMF initiate on-demand PRS for idle/inactive UE
LMF initiate on-demand PRS for connection mode UE is shown in Figure 4. And for idle/inactive UE, UE first needs to enter connection mode to receiving the new PRS configurations.


Figure 7 LMF initiate on-demand PRS for idle/inactive UE
· Step 1: LMF initiated on-demand PRS and decide on the PRS configurations.
· Step 2: gNB paging UE.
· Step 3: gNB starts to use the new PRS configured by LMF.
· Step 4: UE starts RACH and enter connection mode.
· Step 5.a/step5.b: step5.a and step 5.b are alternative. UE can be informed by RRC signal or by LPP.
Observation 3 LMF initiate on-demand PRS can be informed to idle/inactive UE through paging.
Proposal 5: UE needs to enter connection mode for on-demand PRS and on-demand PRS-request can be sent by RACH procedure.
3. Conclusion
Based on the discussion, we observe and propose the following:
Proposal 1: UE initiate on-demand PRS request and network response can be sent by RRC signals. 
Proposal 2: UE initiate on-demand PRS request and network response can be sent by LPP.
Proposal 3: Both LMF decides on-demand PRS and gNB decide on-demand PRS should be supported for different use cases. Whether Xn signals are needed is left for RAN3 discussion.
Proposal 4 LMF initiate on-demand PRS can be decided by LMF.
Observation 1 idle/inactive on-demand PRS can be sent by msg3 and UE needs to enter connection mode and wait for network release after receiving the response from gNB.
Observation 2 idle/inactive on-demand PRS can be sent by msgA.
Observation 3 LMF initiate on-demand PRS can be informed to idle/inactive UE through paging.
Proposal 5: UE needs to enter connection mode for on-demand PRS and on-demand PRS-request can be sent by RACH procedure.
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