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Introduction
In this paper, we will discuss INACTIVE state positioning and on-demand PRS for improved efficiency for NR positioning.

UL/DL+UL positioning and SRS transmission in RRC_INACTIVE
The remaining issue with regards to UL/DL+UL positioning in RRC_INACTIVE state includes the following aspects:
Supported SRS types
SRS bandwidth part
SRS types
In RAN1#106-e, we made the following agreement with respect to SRS transmission in RRC_INACTIVE for UL/DL+UL positioning methods [1].
	Agreement:
From RAN1 perspective, it is feasible to support transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning under certain validation criteria
· FFS: Type(s) of SRS for positioning (i.e., periodic, semi-persistent, aperiodic)
· FFS: Details of validation criteria which may also be discussed in RAN2
· Send LS to RAN2 informing them of this agreement



For periodic SRS, it was somehow already assumed by RAN2 that should be first considered, based on the following RAN2 agreements in RAN2#115-e [3]. We acknowledge that the transmission of SRS can happen once UE receive the configuration, and can be supported directly.
Agreement:
gNB can configure the UE with periodic SRS (assuming periodic SRS is supported in RRC_INACTIVE) by RRCRelease with suspendConfig at least when periodic event is configured for deferred MT-LR.  Other cases can be further discussed.

For semi-persistent SRS, the configuration can follow the same signaling as the periodic SRS, e.g. RRCRelease message with suspendConfig, and the key is whether UE can receive the DL MAC CE for activation/deactivation. We would like to note that
There were proposals to piggyback the MAC CE activation/deactivation with the RRCRelease message, but this could be the same as periodic SRS configuration, since the transmission/suspension is anyway triggered by a MAC PDU that carries an RRC message, and it is also not clear how UE handles the optional fields in two RRCRelease messages, which is normally considered by RAN2 when they add the “need code” in ASN.1. For example, if the first RRCRelease message configures the SRS, but the second RRCRelease message omitted the SRS configuration field, should UE retain the configuration (Need M) or release the SRS configuration (Need R)? If it is Need R, network should anyway need to provide the SRS configuration in the RRCRelease message if it intends to the keep the configuration.
The key should be whether UE can receive DL MAC CE in RRC INACTIVE state via the subsequence DL, as discussed in the on-going SDT procedure. We think that it can be possible, but the final decision can be made by RAN2.
For aperiodic SRS, triggering the aperiodic SRS currently can only be via the non-fallback DCI (DCI format 0_1 and 0_2, and DCI format 1_1 and 1_2) in the UE specific search space, and we do not think DCI format 2_3 should be applicable to RRC_INACTIVE state at least for this release, given that positioning SRS cannot be triggered by DCI format 2_3 [4]. We think that triggering SRS via DCI in USS during an on-going SDT procedure can be possible, but the final decision can be made by RAN2.
With the above said, we have the following observation and proposals.
Observation 1: With regards to SRS resource types
RAN2 is already working on periodic SRS.
Support of semi-persistent SRS relies on whether UE is able to receive DL MAC CE in RRC_INACTIVE state.
Support of aperiodic SRS relies on whether UE is able to monitor DCI formats 0_1, 0_2, 1_1, or 1_2 in the UE specific search space in RRC_INACTIVE state.
Proposal 1: Conclude in RAN1 that
Periodic SRS transmission in RRC_INACTIVE can be directly supported.
Support of semi-persistent SRS transmission depends on whether UE is able to receive DL MAC CE in RRC_INACTIVE state.
Support of aperiodic SRS transmission depends on whether UE is able to monitor DCI formats 0_1, 0_2, 1_1, or 1_2 in the UE specific search space in RRC_INACTIVE state.
It is RAN1 understanding that the support of transmission of semi-persistent SRS and aperiodic SRS in RRC_INACTIVE state can be finally decided by RAN2.

Bandwidth part configuration
Supporting positioning for UE in RRC_ INACTIVE could reduce UE power consumption, but this does not mean that we have to sacrifice positioning accuracy. From the perspective of IIoT use cases, the same requirement for positioning accuracy is also expected for positioning UE in RRC_INACTIVE as in RRC_CONNECTED. 
Observation 2: Rel-17 targets the same requirement of accuracy for positioning in RRC_IDLE/INACTIVE as in RRC_CONNECTED.
Since Rel-15 network has the choice to configure BWP#0 in SIB1 with a large BW or a small BW, the network should not be enforced to remove or reduce the ability of using a small BWP#0 for initial access in order to support high positioning accuracy for UEs in IDLE/INACTIVE. This is also because the BWP#0 is essentially cell-specific and is common for all UEs involved in positioning and not involved in positioning. 
Therefore, for UE positioning in RRC_INACTIVE, UE should be allowed in specifications to be configured with DL and UL positioning RS with larger bandwidth than BWP#0. 
Note that based on the discussion from SDT, there was already agreements on dedicated bandwidth part for CG-SDT configuration made by RAN2. For SRS transmission in RRC_INACTIVE, it should also be allowed to have a separate UL BWP.
Agreement 
1. CFRA is not supported for RA-SDT
1. The separate search space is common to the UEs performing RA-SDT. Inform RAN1 of this agreement
1. Working assumption: UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed
1. The UE needs to monitor paging after UE initiates SDT for system information change, PWS.  FFS for other cases
1. CG-SDT resource can be configured on either initial BWP or separate SDT BWP.  Ask RAN1 to confirm
1. FFS CS-RNTI based dynamic retransmission is reused for CG-SDT

Proposal 2: Support for SRS transmission in RRC_INACTIVE a separate positioning bandwidth configuration from that of BWP#0 configured by the system information.

DL positioning in RRC_INACTIVE
The remaining issue with regards to DL positioning in RRC_INACTIVE state includes the following aspects:
UE capability
Reception of PRS and paging/SI
UE capability
With regards to UE capability of receiving PRS in RRC_INACTIVE to LMF, given that RAN2 also made the following agreement regarding RRC state exposure to LMF [2], which means that LMF is not aware whether the DL measurement is in RRC_INACTIVE or RRC_CONNECTED. As such, we do not think it makes much sense for the UE to report the support of PRS reception in RRC_INACTIVE to the LMF.
Agreements:
Exposure of the RRC state of the UE to the LPP layer of the UE for RRC_INACTIVE UL and DL positioning will not be specified.  This does not exclude cross-layer behaviour in implementations.
The RRC state of the UE is not exposed to the LMF for INACTIVE UL and DL positioning.

Observation 3: There is no need to report UE capability of receiving PRS in RRC_INACTIVE to LMF, since RRC state is not exposed to LMF.
We believe the support of PRS reception in RRC_INACTIVE state should be reported to gNB, in that
It is the gNB’s decision to release UE from RRC connection, due to e.g. data inactivity.
Knowing UE not supporting PRS reception in RRC_INACTIVE state would help gNB decide to keep the UE in RRC_CONNECTED state when receiving PRS.
In Rel-16, gNB may know that UE is doing PRS measurement since UE will send RRC LocationMeasurementIndication message to the gNB for measurement gap configuration, while in Rel-17, there is also ongoing discussion to inform gNB of the UE PRS measurement for facilitating the MG fast activation or for enabling PRS measurement outside MG. Note that this could be prior to any decision that gNB makes to keep UE in RRC_CONNECTED or move UE into RRC_INACITVE, so the either Rel-16 MG indication or Rel-17 latency enhancements feature (e.g. LMF based UE PRS measurement indication) should be applicable to both states in general.
Observation 4: Rel-16 LocationMeasurementIndication and other ongoing discussion for MG-based and MG-less PRS measurement (e.g. LMF based UE PRS measurement indication) can be used for the gNB to determine RRC state for PRS measurement.
Therefore, we think it should be a natural solution to support indication of the UE capability of receiving PRS in RRC_INACTIVE to the gNB.
Proposal 3: UE capability of receiving PRS in RRC_INACTIVE should be reported to the gNB.

Reception of PRS and paging/SI 
There were proposals to discuss PRS reception with paging and SI. We think this can be left up to UE implementation, e.g. up to UE to decide which to prioritize or to receive both at the same time. Normally gNB scheduling should avoid transmitting PRS and paging/SI on the same symbol. However for UEs in RRC_INACTIVE state, inter-frequency cell reselection is possible, and it should be difficult for the network to ensure non-overlapping between paging/SI from a cell on one frequency and the PRS from the TRP on the other frequency.
If specification guidance is required, in our view, the solutions of configuration/activation of the PRS measurement window and priority indication of PRS over other DL signals/channels to be developed in other agenda (8.5.4) can be reused.
This means that
The PRS processing window that enables UE only to process PRS locally (within the window) should be provided to the UE similar to MG-less PRS measurement.
In addition, the signaling on the priority of PRS and other DL signals/channels can also be used to guide the UE behaviour of handling of PRS reception and paging/SI reception at the same time.
For this case, low-latency is not primarily targeted for positioning in the INACTIVE state, so the priority should usually be set for other DL signals/channels.

On-demand PRS
In RAN1#105-e [1], we made the following agreement regarding on-demand PRS.
	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



In RAN1#106-e, RAN1 made the following agreement on the parameters.
	Agreement:
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
Conclude on remaining parameters at RAN1#106-bis-e



UE initiated case
With regard to the current list of parameters, our views are as follows:
	Parameters
	view

	Start/end time of DL PRS transmission
	Clarification needed. It is not clear whether the start/end time intends to describe the actual transmission time/end time or earliest starting time and latest ending time that covers the actual transmission duration. In other words, we do not think the periodicity and offset configuration should be affected by the start/end time.

	DL-PRS resource set IDs
	OK in part.
If this is about on ON/OFF indicator for a resource set, we do not think this can be requested by the UE because other UEs may still require it.
If this is about preconfiguration of multiple resource sets, and UE requests to measure a specific resource set, we support this. The reason is that based on the current UE PRS processing priority (TRP/PRS resource set), as clarified in RAN1#105, UE will first process both PRS resource sets for the first TRP, then the both resource sets for the next TRP, which will concentrate all the limited UE processing capability to a few TRPs instead of process first as many TRP as possible. For example, if the UE processes 2 sets per TRP, UE may process only 3 TRPs, while if UE only processes 1 set per TRP, UE may process 6 TRPs, and the positioning accuracy for 6 TRPs could be higher because 6 TRPs offers more spatial information than a set of 3 TRPs that are over-extensively measured.
Note that this does not mean that TRP is required to change the PRS transmission, but instead that LMF change the assistance data delivery.

	DL PRS resource IDs
	If this is about on ON/OFF indicator for a resource set, we do not think this can be requested by the UE because other UEs may still require it. 
If this is about preconfiguration of multiple resources, and UE requests to measure a specific set of resources, we do not think this is valid, because PRS beam sweeping already takes into account the potential UE movement within the PRS resource set coverage. For static UE, LMF could base the assistance adjustment on the UE PRS-RSRP measurement report. For example, for a static UE that is under a specific PRS resource/SSB beam coverage, the RSRP of the corresponding DL PRS resource is always higher than others, and based on the measurement report from the UE, LMF may simply configure only the PRS resource for the UE to measure, and thus there is no such need for the UE to request a specific DL PRS resource ID other than the existing RSRP report.

	DL PRS offset
	We do not think that this is feasible because DL PRS transmission offset may be concerning multiple TRPs in terms of transmission occasion alignment and interference management. 
Note that in Rel-17, we do not think AP-PRS or SP-PRS is supported, and thus the motivation is not clear.

	DL PRS resource repetition factor
	We do not think that this is feasible. The repetition number considers the overall coverage and should not be changed by a UE request.

	Number of DL PRS symbols per DL PRS resource
	We do not think that this is feasible. The number of DL PRS symbols considers the overall coverage and should not be changed by a UE request.

	DL PRS muting patterns
	We do not think that this is feasible. The muting pattern considers the overall interference profile and should not be changed by a UE request.

	Number of TRPs
	We do not think that this is needed given that UE already can report the supported number of TRPs.

	Number of PRS resources per PRS resource set
	We do not think that this is needed given that UE already can report the supported number of resources per resource set.

	Number frequency layers or frequency layer indicator
	We do not think that this is needed given that UE already can report the supported number of positioning frequency layers.
If this is about preconfiguration of multiple positioning frequency layers and UE requests to measure a specific positioning frequency layer, it is not clear why UE should make such a request.

	Beam directions
	Not for UE.

	Combsize, start PRB, Point A of DL PRS
	Not appropriate for the UE to request to change.

	ON/OFF indicator
	Not appropriate for the UE to request to change.



In addition, we think that the following parameters can be useful if they can be requested by the UE.
	Parameters
	Reason

	Priority order of TRPs and PRS resource sets
	In Rel-16, we defined the PRS processing priority when the assistance data exceeds the UE reported capability. However the priority list may not be appropriate for a specific UE, and UE may suggest a new order of TRPs (or PRS resource set). For example, UE may suggest a new priority order of TRPs and PRS resource sets in a TRP in the initial assistance data via the on-demand PRS signaling.
Note that this does not mean that TRP will change its transmission or PRS configuration, i.e. no RAN3 impact possibly. 

	SCell information
	In Rel-17, PRS measurement without gap is also being discussed for which the PRS bandwidth is expected to be covered at least by the BWP/CC. For this case, UE may only report its SCell configuration in CommonIEsRequestAssistanceData, so that LMF could configure PRS on SCell only and UE may process the PRS on the SCell without MG; otherwise, LMF would only provide the PRS configuration on the PCell.

	Parameters that are optional without a default value
	We think that any parameters that are optional without a default value in the LPP can be requested by UE/LMF on the basis of requesting to provide the parameter. Including
dl-PRS-QCL-Info (already agreed)
nr-PhysCellID
nr-CellGlobalID
nr-ARFCN
nr-TRP-LocationInfo
nr-DL-PRS-BeamInfo
nr-RTD-Info
Note 1: This does not mean UE would request the parameter to be a specific value, but rather request the parameter to be provided by LMF.
Note 2: This may also include the new parameters that are to be introduced in Rel-17, e.g. Tx TEG info associated with the DL PRS.



Proposal 4: The followings are supported for UE-initiated on-demand PRS.
DL-PRS resource set ID
· For each TRP that has more than one PRS resource sets (on a positioning frequency layer), UE may indicate a specific DL-PRS resource set ID to be only included the updated assistance data
Priority order of TRPs and PRS resource sets
· For each positioning frequency layer, UE may suggest a new TRP sequence in the updated assistance data
· For each TRP that has more than one PRS resource sets, UE may suggest a new DL-PRS resource set sequence in the updated assistance data
SCell information
· UE reports the SCell information, similar to the PCell information with or without reception of any initial assistance data
Parameters that are optional without a default value, including Rel-17 new parameters
· This means that UE would request the parameter to be provided if not in the initial assistance data or without any initial assistance data, instead of being a specific value

LMF initiated case
For LMF initiated case, we think that the most valuable on-demand PRS procedure is the ON/OFF indicator. This can be associated with multiple use cases.
When there is no UE taking the PRS measurement for a TRP (since LMF could be aware of such an operation for most cases), the TRP-level OFF indicator can save the gNB power and improve the resource efficiency, and the PRS can be ON when the LCS request arrives that needs DL PRS measurement.
When there is no UE taking the PRS measurement for a beam of a TRP, the PRS resource set or PRS resource level OFF indicator can save the gNB power and improve the resource efficiency.
When the DL-AoD needs a differential beam (two sets) or the narrowing beam sweeping (single set), LMF invokes on-demand refined beam sweeping can improve the DL-AoD accuracy.
There we have the following proposal for LMF initiated on-demand PRS.
Proposal 5: At least the ON/OFF indicator is supported for LMF-initiated on-demand PRS.
The granularity can be TRP level, PRS resource set level, or PRS resource level

Conclusion
In this contribution, we have the following observations and proposals regarding RAN2-led items for positioning enhancement in Rel-17.
Observation 1: With regards to SRS resource types
RAN2 is already working on periodic SRS.
Support of semi-persistent SRS relies on whether UE is able to receive DL MAC CE in RRC_INACTIVE state.
Support of aperiodic SRS relies on whether UE is able to monitor DCI formats 0_1, 0_2, 1_1, or 1_2 in the UE specific search space in RRC_INACTIVE state.
Observation 2: Rel-17 targets the same requirement of accuracy for positioning in RRC_IDLE/INACTIVE as in RRC_CONNECTED.
Observation 3: There is no need to report UE capability of receiving PRS in RRC_INACTIVE to LMF, since RRC state is not exposed to LMF.
Observation 4: Rel-16 LocationMeasurementIndication and other ongoing discussion for MG-based and MG-less PRS measurement (e.g. LMF based UE PRS measurement indication) can be used for the gNB to determine RRC state for PRS measurement.
Proposal 1: Conclude in RAN1 that
Periodic SRS transmission in RRC_INACTIVE can be directly supported.
Support of semi-persistent SRS transmission depends on whether UE is able to receive DL MAC CE in RRC_INACTIVE state.
Support of aperiodic SRS transmission depends on whether UE is able to monitor DCI formats 0_1, 0_2, 1_1, or 1_2 in the UE specific search space in RRC_INACTIVE state.
It is RAN1 understanding that the support of transmission of semi-persistent SRS and aperiodic SRS in RRC_INACTIVE state can be finally decided by RAN2.
Proposal 2: Support for SRS transmission in RRC_INACTIVE a separate positioning bandwidth configuration from that of BWP#0 configured by the system information.
Proposal 3: UE capability of receiving PRS in RRC_INACTIVE should be reported to the gNB.
Proposal 4: The followings are supported for UE-initiated on-demand PRS.
DL-PRS resource set ID
· For each TRP that has more than one PRS resource sets (on a positioning frequency layer), UE may indicate a specific DL-PRS resource set ID to be only included the updated assistance data
Priority order of TRPs and PRS resource sets
· For each positioning frequency layer, UE may suggest a new TRP sequence in the updated assistance data
· For each TRP that has more than one PRS resource sets, UE may suggest a new DL-PRS resource set sequence in the updated assistance data
SCell information
· UE reports the SCell information, similar to the PCell information with or without reception of any initial assistance data
Parameters that are optional without a default value, including Rel-17 new parameters
· This means that UE would request the parameter to be provided if not in the initial assistance data or without any initial assistance data, instead of being a specific value
Proposal 5: At least the ON/OFF indicator is supported for LMF-initiated on-demand PRS.
The granularity can be TRP level, PRS resource set level, or PRS resource level
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