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In the RAN#91e meeting, a revised work item scope on NR Positioning enhancements was agreed [1]. One of the objectives of the revised scope is to specify on-demand PRS:

	· 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]
· UE-initiated request of on-demand DL PRS transmission; 
· LMF (network)-initiated request of on-demand DL PRS transmission; 


Furthermore, it was agreed to support positioning for UEs in RRC_INACTIVE mode:
	· Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3, RAN4]:


In this contribution we present our views on on-demand PRS as well as positioning in RRC INACTIVE mode which are presented in Section 2.1 and 2.2, respectively.
Discussion
On-demand PRS
Request types
NR Rel-17 includes a stringent latency requirement for positioning services. One possible way to help achieving those requirements is to enhance the PRS configuration and the PRS request procedures. For example, supporting only a semi-static re-configuration of PRS signals can lead to increased latency if the UE’s conditions are changing rapidly. On-demand PRS can reduce the latency by allowing the UE to request a PRS configuration based on the UE’s operating scenario. 
The UE can be pre-configured with multiple values for each parameter of a PRS configuration and the values can be adapted based on the UE conditions. To adapt the parameter values, a first option is to have the UE requesting a specific value(s) from the network. Another option could be the UE sending assistance information to the LMF that will help on choosing the best value for a given parameter. For example, the UE can report the preferred Rx beam index or report the RSRP with a finer granularity to the network. The LMF can then configure the UE with PRS resource that is aligned with the preferred Rx beam and/or with PRS resource with a comb values that reflects the reported RSRP.
Proposal 1: For on-demand PRS, the UE can explicitly request PRS parameter(s) a specific parameter(s) or implicitly request PRS parameter(s) by sending assistance information.
Parameters for on-demand PRS
The UE can request the network to change the periodicity or the muting pattern of PRS transmission. For example, the UE can experience frequent collision between PRS and other downlink channels and request the LMF to change the periodicity. In another example, the UE can experience high interference from neighbouring cells and request the network to mute some of PRS occurrence. 
The UE can also request the network to change the comb-pattern of PRS transmission. For example, in case of frequency selectivity in the channel, the UE can request PRS configuration with finer comb values. The UE can also request a PRS resource ID that is preferred based on the UE measurements. In this case, the UE may request for different PRS beams to be transmitted from TRPs.
Proposal 2: The UE includes at least the following parameters to the LMF as part of on-demand PRS request: Periodicity, Comb-pattern, Muting pattern, PRS resource 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 3: Discuss 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 4: For UE-based positioning, the UE indicates whether location information is derived based on on-demand PRS or non-on-demand PRS or both
Aperiodic PRS/semi-persistent PRS
On-demand PRS consist on the UE requesting PRS parameters or sending some assisting information to the network that can trigger the LMF to change the PRS configuration. The requested PRS parameters can be adequate only for a certain duration and not valid after that duration. For example, the UE may need a finer comb values during a set of slots only due to channel variation. Therefore, periodic on-demand PRS may not suitable. To adapt the PRS parameters based on the UE situation, the network can use aperiodic or semi-persistent PRS for on-demand PRS. The aperiodic and semi-persistent PRS can be valid as long as the UE conditions remains unchanged. 
Proposal 5: Support aperiodic and semi-persistent PRS for on-demand PRS.
Positioning procedure in RRC INACTIVE
In RAN#91, 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 6 : Support transmission of DL indication to UE for initiating measurement of preconfigured PRS when in INACTIVE using paging/RACH procedure
In addition, in terms of selection of PRS parameters, it is expected that the UE is not limited to a set of PRS parameters which may cause positioning inaccuracy. Procedure, reporting and configuration of PRS should enable the UE to achieve the same level of accuracy during INACTIVE positioning as well. Whether the UE is in INACTIVE or CONNECTED mode should not affect the accuracy requirement imposed on the UE.
Proposal 7: State of the UE (CONNECTED or INACTIVE) is transparent to the LMF and it does not affect the accuracy of the positioning requirement
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 8: Support the use of pre-configured SRSp configuration received by UE during RRC CONNECTED for SRSp transmission when in INACTIVE
Proposal 9: 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 10: Support UE reporting when the UE observes changes in its measurements during INACTIVE positioning
Proposal 11: Support aperiodic measurement reporting during INACTIVE positioning
Conclusion
The following proposals and observations are made in this contribution:
Proposal 1: For on-demand PRS, the UE can explicitly request PRS parameter(s) a specific parameter(s) or implicitly request PRS parameter(s) by sending assistance information.
Proposal 2: The UE includes at least the following parameters to the LMF as part of on-demand PRS request: Periodicity, Comb-pattern, Muting pattern, PRS resource ID
Proposal 3: Discuss details about measurement reports for on-demand PRS.
Proposal 4: 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 5: Support aperiodic and semi-persistent PRS for on-demand PRS.
Proposal 6 : Support transmission of DL indication to UE for initiating measurement of preconfigured PRS when in INACTIVE using paging/RACH procedure
Proposal 7: State of the UE (CONNECTED or INACTIVE) is transparent to the LMF and it does not affect the accuracy of the positioning requirement
Proposal 8: Support the use of pre-configured SRSp configuration received by UE during RRC CONNECTED for SRSp transmission when in INACTIVE
Proposal 9: Support transmission of SRSp configuration (e.g. using SDT) or indication for initiating SRSp transmission to UE when in INACTIVE
Proposal 10: Support UE reporting when the UE observes changes in its measurements during INACTIVE positioning
Proposal 11: Support aperiodic measurement reporting during INACTIVE positioning
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