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In RAN1#105e, agreements are made related to on-demand PRS and INACTIVE mode positioning. In this contribution, we make the proposals related to enhancements for on-demand PRS and INACTIVE mode positioning.
Discussion
On-demand PRS
The following parameters are to be agreed as a candidate for on-demand PRS parameters.
	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



ACK/NACK for the on-demand request
In the UE-initiated on-demand framework, the UE sends a request to the LMF for reconfiguration of PRS.  Depending on the type of the request, the LMF may not grant the requested PRS configuration. In the UE-initiated on-demand framework, whether the requested configuration is granted or not may affect latency and accuracy in positioning. 
Thus, ACK/NACK response from the LMF for the on-demand request should be considered. For example, the UE’s request may not be granted by the LMF to avoid PRS pollution. The UE should receive ACK/NACK for the request to determine whether the UE should prepare to receive the requested PRS or not. The ACK/NACK may be in the form of an LPP message or a gNB message.
Proposal 1: Support ACK/NACK messaging for on-demand PRS
Number of samples for on-demand request
In RAN1#105e, the following agreement related to the number of samples for PRS processing required for measurement was made. The variable number of samples was agreed to reduce latency required for positioning.
	Agreement:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.
· One sample corresponds to one instance
· Send an LS to RAN4 informing that
· M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
· RAN4 is requested to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.
· RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing
· Details of UE capability
· Signaling details, e.g., to indicate whether measurement is based on one or more samples
· Whether the PRS sample processing time is defined and the relation with (N, T).
· Note: This may have RAN4 dependency



The number of samples can be configured on-demand basis since the reduced number of samples during measurement can reduce latency. The number of samples can be included in UE-initiated on-demand. Based on the quality of measurements, the UE can ask the network to reduce the number samples required in the measurement. Thus, we make the following proposal :
Proposal 2: The UE can request to change the number of samples in PRS processing

The PRS parameters that can be supported in UE or LMF initiated on-demand processing is shown in the table below.
Table 1 PRS parameters for UE/LMF initiated on-demand PRS
	PRS parameters
	UE initiated
	LMF initiated

	Start/end time of DL PRS transmission
	Yes
	Yes

	DL PRS resource bandwidth
	Yes
	Yes

	DL-PRS resource set IDs
	Yes
	Yes

	DL PRS resource IDs
	Yes
	Yes

	DL PRS transmission periodicity and offset
	Yes
	Yes

	DL PRS resource repetition factor
	Yes
	Yes

	Number of DL PRS symbols per DL PRS resource
	Yes
	Yes

	DL PRS muting patterns
	Yes
	Yes

	DL PRS QCL information 

	Yes
	Yes

	Number of TRPs
	Yes
	No

	Number of PRS resources per PRS resource set
	Yes
	No

	Number frequency layers or frequency layer indicator 
	Yes
	Yes

	Beam directions
	Yes
	No

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

	ON/OFF indicator of the DL PRS
	No
	Yes

	Beam directions
	Yes 
	No

	Measurement gap
	Yes
	Yes

	Number of samples
	Yes
	No



To summarize, PRS related parameters (comb values, repetition factors, etc) should be supported for both UE and LMF-initiated on-demand. In addition, the UE should be able to send an ID of resource/resource set to the LMF to request specific PRS configuration. 
Beam direction can be included in the UE-initiated on-demand request. The UE can send a request to the LMF to transmit PRS in the requested direction. The UE can make such a request based on the measurements on the received PRS (e.g., for AoD positioning method, low RSRP from directions initially configured by the LMF). 
Proposal 3: Support parameters shown in Table 1 for on-demand parameters
In addition, to reduce overhead for on-demand request, parameters should be combined to form a set of parameters such that the UE can simply request for an ID of the set. For example, comb values and bandwidth may be combined to form a set. There could be a multiple sets such as {comb-4, 10MHz}, {comb-2, 5MHz} and the UE can send a request to the network corresponding to the set ID. The set of parameters to be grouped and requested by the UE using the same group or set ID can be configured by the gNB or the LMF. 
Proposal 4: Form multiple sets of PRS parameters for on-demand PRS such that the UE can make a request by indicating the set ID
Measurement reporting for on-demand PRS
In addition to on-demand PRS, the UE can be configured with a non-on-demand PRS configuration (i.e., the PRS configuration the UE had prior to making the request) that is transmitted with different parameters such as periodicity, beam configuration, muting pattern, etc. In UE-assisted positioning, the measurements report of on-demand PRS and non-on-demand PRS should be discussed. More specifically, whether the UE reports the measurement results of on-demand PRS and non-on-demand PRS separately, together or drop one of the measurements reports. 
For example, the measurement reports can include both measurement results of on-demand PRS and non-on-demand PRS. When sending the measurement results, the UE can label the measurements corresponding to the non-on-demand PRS and on-demand PRS by including identifiers associated with the PRS configuration. 
Another option could be to replace part of the measurements made with non-on-demand PRS and replace it with measurements made with on-demand PRS. For example, non-on-demand PRS may not suitable for UE’s operating scenario for a certain duration due to low RSRP and the UE is triggered to use on-demand PRS. When reporting the measurements, the UE uses the on-demand PRS measurement results used during that duration and combines it with non-on-demand PRS measurement results obtained prior to be triggered to use on-demand PRS.
Proposal 5: Study details about measurement reports for on-demand PRS.
On-demand PRS for UE-based positioning
For UE-based positioning, it should be discussed whether the UE can report its position and indicates to the LMF if the location was derived using on-demand PRS only, non-on-demand PRS only or using both. Such information can help the LMF to decide whether the on-demand PRS was beneficial or not.
Proposal 6: For UE-based positioning, the UE indicates whether location information is derived based on on-demand PRS or non-on-demand PRS or both
Measurement gap configuration
There is a need to discuss how measurement gap can be applied to on-demand. Two approaches can be studied for the measurement gap to be applied to on-demand PRS. First approach is MG-less where the UE does not need a gap to monitor the request PRS. The preferred PRS parameters requested by the UE may not need a MG. For example, the UE can request a PRS within frequency location that the UE is capable of monitoring without a gap. The UE can prioritize the PRS resource which does not require a MG. This approach can help reducing the latency of positioning. The second approach is to configure the UE with a MG for on-demand PRS. The UE can request the MG along the transmission of on-demand PRS request.
Proposal 7: Study details about measurement gap (e.g., necessity, configuration) for on-demand PRS.
Dynamic/semi-static request for PRS
The UE can send a request dynamically to the gNB for on-demand PRS. In this case, reconfigurations of PRS should be available at the gNB. The UE can request using MAC-CE or UCI. In addition, semi-static request for PRS should be supported. The UE should use LPP messages such as LPP RequestAssistanceData to make the request.
Proposal 8: Support both semi-static and dynamic request intended for LMF and gNB, respectively, for on-demand PRS
Positioning procedure in RRC INACTIVE
In RAN#91 and RAN#92, positioning in INACTIVE mode was agreed to be incorporated in the WID. Detailed discussion related to RS configurations are also explained in our companion paper [2]. In this section, physical layer-related aspects of RRC INACTIVE positioning are discussed.
Configuration for PRS
When the UE transitions into INACTIVE from CONNECTED mode, the UE may maintain PRS configurations it has used during CONNECTED mode. During INACTIVE mode positioning, the UE can also retrieve PRS configuration from the context. 
The PRS configurations or configuration activation indication can also be sent to UE via initial access messages either in MSG 2/4 (in 4-step RACH procedure) or in MSG B (in 2-step RACH procedure). In this case, without having to transition to RRC CONNECTED, the UE can initiate the RACH procedure or use CG upon receiving the paging message.
Proposal 9 : Support transmission of DL indication to UE for initiating measurement of preconfigured PRS when in INACTIVE using paging/RACH procedure
UL-based positioning
For UL-based positioning, the SRSp (SRS for positioning) configuration delivered by gNB during RRC CONNECTED can be used for UE-assisted positioning with SRSp transmission when in RRC INACTIVE state. In this case, the gNB can provide the SRSp configuration to UE when transitioning to INACTIVE via RRCReleaseMessage.
Similar to the case of DL-based positioning, the SRSp configuration can also be provided by gNB to UE when in INACTIVE state. This can also be supported with configured SDT SRBs that can be used for sending RRC message carrying the SRSp configuration. When using aperiodic and semi-persistent SRSp, the gNB can send the indication to activate an SRSp configuration in UE either using RRC (with SDT-SRB2) or RAN paging message.  
Proposal 10: Support the use of pre-configured SRSp configuration received by UE during RRC CONNECTED for SRSp transmission when in INACTIVE
Proposal 11: Support transmission of SRSp configuration (e.g. using SDT) or indication for initiating SRSp transmission to UE when in INACTIVE
Measurement reporting
Measurement reporting during INACTIVE mode is expected to use SDT (small data transmission). The data volume set by the network determines how much the UE can report in one reporting occasion. It may be possible that in static environments, e.g., a wall-mounted sensor, reporting of positioning may not be done frequently. Thus, it may be resource-friendly if the UE reports if there are changes to its measurement reports. Alternatively, the UE may report measurements when requested by the network during INACTIVE positioning. Thus, in this case, the UE is not provided with periodic measurement occasions. Instead, the UE is triggered to report measurements, requested by the LMF.
Proposal 12: Support UE reporting when the UE observes changes in its measurements during INACTIVE positioning
Proposal 13: Support aperiodic measurement reporting during INACTIVE positioning
Conclusion
Proposal 1: Support ACK/NACK messaging for on-demand PRS
Proposal 2: The UE can request to change the number of samples in PRS processing
Proposal 3: Support parameters shown in Table 1 for on-demand parameters
Table 1 PRS parameters for UE/LMF initiated on-demand PRS
	PRS parameters
	UE initiated
	LMF initiated

	Start/end time of DL PRS transmission
	Yes
	Yes

	DL PRS resource bandwidth
	Yes
	Yes

	DL-PRS resource set IDs
	Yes
	Yes

	DL PRS resource IDs
	Yes
	Yes

	DL PRS transmission periodicity and offset
	Yes
	Yes

	DL PRS resource repetition factor
	Yes
	Yes

	Number of DL PRS symbols per DL PRS resource
	Yes
	Yes

	DL PRS muting patterns
	Yes
	Yes

	DL PRS QCL information 

	Yes
	Yes

	Number of TRPs
	Yes
	No

	Number of PRS resources per PRS resource set
	Yes
	No

	Number frequency layers or frequency layer indicator 
	Yes
	Yes

	Beam directions
	Yes
	No

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

	ON/OFF indicator of the DL PRS
	No
	Yes

	Beam directions
	Yes 
	No

	Measurement gap
	Yes
	Yes

	Number of samples
	Yes
	No



Proposal 4: Form multiple sets of PRS parameters for on-demand PRS such that the UE can make a request by indicating the set ID
Proposal 5: Study details about measurement reports for on-demand PRS.
Proposal 6: For UE-based positioning, the UE indicates whether location information is derived based on on-demand PRS or non-on-demand PRS or both
Proposal 7: Study details about measurement gap (e.g., necessity, configuration) for on-demand PRS.
Proposal 8: Support both semi-static and dynamic request intended for LMF and gNB, respectively, for on-demand PRS
Proposal 9 : Support transmission of DL indication to UE for initiating measurement of preconfigured PRS when in INACTIVE using paging/RACH procedure
Proposal 10: Support the use of pre-configured SRSp configuration received by UE during RRC CONNECTED for SRSp transmission when in INACTIVE
Proposal 11: Support transmission of SRSp configuration (e.g. using SDT) or indication for initiating SRSp transmission to UE when in INACTIVE
Proposal 12: Support UE reporting when the UE observes changes in its measurements during INACTIVE positioning
Proposal 13: Support aperiodic measurement reporting during INACTIVE positioning
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