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Introduction
During the previous RAN1#106bis-e meeting [1], the following agreements related to On-demand PRS and RRC_INACTIVE positioning were reached:
	Agreement:
· Send LS to RAN2 with the outcome of RAN1 discussion on types of SRS for positioning to be supported by UEs in RRC_INACTIVE state
· From RAN1 perspective, support of semi-persistent SRS for positioning by RRC_INACTIVE UEs is feasible
· It is up to RAN2 to confirm support of semi-persistent SRS for positioning by RRC_INACTIVE UEs and determine necessary signalling details
Agreement:
· For RRC_INACTIVE UEs, SRS for positioning bandwidth, SCS and CP type are configured by RRC and can be different from that of initial UL BWP configured by the system information
Agreement:
· For OLPC of SRS for positioning transmission by RRC_INACTIVE UEs,
· Reuse validity criteria for pathloss measurement defined for RRC_CONNECTED UEs in Rel.16
· FFS: UE fallback behavior (i.e. whether to reuse fallback to pathloss measurement by RRC_INACTIVE UE for the cell, from which the SS/PBCH is received to obtain MIB, is not accurate) 
· For spatial relation of SRS for positioning transmission by RRC_INACTIVE UEs,
· FFS: Whether to define validity criteria or reuse validity criteria for OLPC pathloss measurement to determine whether spatial relation with configured RS is valid
Agreement:
· The following list of parameters is supported for UE-initiated and LMF initiated on-demand DL PRS request
· Start/end time of DL PRS transmission
· DL PRS resource repetition factor
· Number of DL PRS resource symbols per DL PRS resource 
· DL-PRS CombSizeN
· Number of DL PRS frequency layers
· ON/OFF indicator (for LMF initiated request only)
· FFS values for requested on-demand DL PRS parameters and whether parameters are resource-specific, TRP-specific, or PFL-specific
Agreement:
· From RAN1 perspective, in RRC_INACTIVE state, reception of DL PRS has lower priority than other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT)
· FFS how to determine conflicts in DL PRS and other DL signals/channels reception by UE
· FFS how to handle retuning time for the case when DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP
· Send LS to RAN4 (cc RAN2) and ask if there is any feedback
[bookmark: _Hlk85634638]R1-2110643	Draft LS on DL PRS reception priority by RRC_INACTIVE UEs	Moderator (Intel)
R1-2110644	LS on DL PRS reception priority by RRC_INACTIVE UEs		RAN1
R1-2110597	Draft LS on support of SP-SRS for positioning by RRC_INACTIVE UEs
Final LS agreed in R1-2110598


This contribution discusses further related issues for both on-demand PRS and RRC_INACTIVE positioning.
On-demand PRS
An initial set of on-demand PRS parameters have been agreed upon for LMF-initiated and the UE-initiated On-demand PRS procedures, which include DL PRS Periodicity, DL PRS Resource bandwidth and DL PRS QCL information. The remaining parameters and issues are discussed the following Sections.
UE-initiated and LMF-initiated On-demand PRS List
Table 1 shows the supported UE-initiated and LMF-initiated on-demand PRS parameters list from our perspective:

Table 1: Supported UE-initiated and LMF-initiated on-demand PRS parameters
	Parameter 
	Example parameter definition
	UE-initiated 
	LMF-Initiated

	Start/end time of DL PRS transmission
	Time interval / time window in slots recommended for DL PRS transmissions within SFN cycle. Note: It may contain one or more DL PRS occasions/periods which periodicity and length are indicated separately
	Agreed in RAN1#106bis-e

	Agreed in RAN1#106bis-e


	Number of DL PRS frequency layers
	Recommended number of DL PRS frequency layers
	Agreed in RAN1#106bis-e

	Agreed in RAN1#106bis-e


	DL-PRS Resource Bandwidth
	Number of PRBs recommended for the DL-PRS Resource (allocated DL-PRS bandwidth) in multiples of 4 PRBs.
	Agreed in RAN1#106-e

	Agreed in RAN1#106-e


	DL-PRS CombSizeN
	Resource element spacing in each symbol of the DL-PRS Resource
	Agreed in RAN1#106bis-e

	Agreed in RAN1#106bis-e


	DL PRS Periodicity and ResourceSetSlotOffset
	Recommended periodicity of DL-PRS allocation in slots configured per DL-PRS Resource Set and the slot offset with respect to SFN #0 slot #0
	Agreed in RAN1#106-e

	Agreed in RAN1#106-e


	DL PRS Resource Repetition Factor
	Recommended number of DL-PRS Resource repetitions for a single instance of the DL-PRS Resource Set
	Agreed in RAN1#106bis-e

	Agreed in RAN1#106bis-e


	DL PRS QCL information (DL-PRS-QCL-Info)
	QCL indication with other DL reference signals for serving and neighbouring cells per DL PRS Resource
	Agreed in RAN1#106-e

	Agreed in RAN1#106-e


	ON/OFF indicator of the DL PRS
	Recommended indication to switch ON/OFF DL PRS transmission [per frequency layer or per TRP or per DL PRS resource set or per DL PRS resource]
	Yes, per TRP
	Agreed in RAN1#106bis-e
Preference is per TRP

	DL-PRS Start PRB
	Start PRB index defined as offset with respect to reference DL-PRS Point A for the Positioning Frequency Layer
	Yes
	Yes


	DL PRS resource ID(s)
	List of recommended DL PRS Resource ID(s) per DL PRS Resource Set
	Yes

	Yes


	DL PRS resource set ID(s)
	List of DL PRS Resource Set ID(s) per DL PRS frequency layer per TRP
	Yes

	Yes


	DL PRS Resource Time Gap
	Recommended offset in units of slots between two repeated instances of a DL-PRS Resource corresponding to the same DL-PRS Resource ID within a single instance of the DL-PRS Resource Set
	Yes

	Yes


	Number of DL PRS Resource Symbols per DL PRS resource
	Recommended number of symbols per DL-PRS Resource within a slot
	Yes

	Yes


	DL PRS Muting Option 1
	Recommended DL-PRS muting configuration of the TRP for the Option-1
	-
	Yes


	DL PRS Muting Option 2
	Recommended DL-PRS muting configuration of the TRP for the Option-2
	-
	Yes


	Number of TRPs
	Recommended number of TRPs [total or per frequency layer]
	Yes
	Yes


	Number of DL PRS resources per DL PRS resource set
	Recommended number of DL PRS resources per DL PRS resource set [per frequency layer]
	Yes
	Yes


	Beam directions
	Recommended beam directions
	Yes
	Yes

	
	
	
	

	Priority Order of TRPs and PRS resource sets
	This field enables the UE to process TRPs and PRS resource sets according to a configured explicit priority, which is requested by the UE/configured by the LMF.
	Yes
	- 

	TRP Indication/ Group TRP Indication
	This field specifies which TRPs should transmit DL PRS based on the on/off indicator parameter described by “ON/OFF indicator of the DL PRS”
	Yes

	Yes



Proposal 1: Support the above remaining (not yet agreed) UE-initiated and LMF-initiated parameters as shown in Table 1. 

In general, the “number of TRPs” parameter (as seen in Table 1) is not sufficient as it only indicates the recommended number of TRPs carrying DL-PRS. It would also be beneficial to collectively switch off adjacent beams carrying DL-PRS, which are not relevant for the calculation of the UE’s position estimate. 
The LMF may switch on/off certain TRPs based on certain assistance information, e.g., measurement quality, etc. Furthermore, TRPs/links with consistently poor quality may result in frequent beam failure and may not be recommended for DL-PRS transmission. Such recommended feedback on which TRPs are suitable/recommended for DL PRS transmissions can only be provided by the UE.  In addition, the LMF may have prior knowledge of the UE’s rough/course location and therefore can provide a recommendation to the serving gNB to switch on/off DL-PRS transmissions on applicable TRPs.

Observation 1: “Number of TRPs” only indicates the recommended total number of TRPs transmitting DL-PRS and does not indicate which of those TRPs are best suited for UE measurement.

Proposal 2: Support the ON/OFF indicator per TRP for LMF-initiated on-demand PRS.

The UE measurement accuracy or radio conditions experienced at the UE can be attributed to the quality of the DL-PRS resources transmitted over a particular TRP. The UE may prioritize certain TRPs (and hence DL-PRS resources) based on certain factors such as:
· Location of the UE
· Radio link conditions of a TRP/set of TRPs
· Depending on different UE requirements and capabilities 

This can be especially applicable for UE-initiated on-demand PRS, where the UE requests a certain priority based on e.g., RS measurements.  Therefore, the priority order of the of TRPs and associated resource sets should be at least considered for UE-initiated on-demand DL-PRS.

Proposal 3: Support TRP Priority order indication as part of UE-initiated On-demand PRS.
RRC_INACTIVE Positioning
DL-based Positioning Configuration and Capabilities
During the RAN1#105-e meeting, it was agreed to update the DL PRS and DL RSTD measurements in TS 38.215 to be supported in RRC_INACTIVE state. A remaining issue was to identify any remaining additional impacts. 
The applicability of the DL-PRS physical layer configuration in addition to UE behavior and capability of performing DL-only measurements in RRC_INACTIVE state is yet to be finalized. RRC_CONNECTED state offers a higher degree of freedom in which to perform the applicable positioning measurements in terms of periodicity and number of occasions, which may differ from positioning measurement performed in RRC_INACTIVE state, which can affect the achievable accuracy. More specifically, if the measurement requirements are different between RRC_CONNECTED and RRC_INACTIVE states, the LMF may need to adapt the DL-PRS configuration accordingly, e.g., based on the UE DRX configuration, which impacts the energy consumption. 
Observation 2: DL-only measurement durations and periods may be different between RRC_CONNECTED and RRC_INACTIVE states due to e.g., UE DRX configuration, which may affect the overall location accuracy and power consumption.
Proposal 4: RAN1 to consider the DL-PRS configuration impact on measurement accuracy in RRC_INACTIVE state. FFS solutions to address this gap, e.g., separate DL-PRS configurations for RRC_INACTIVE UEs, sharing of the UE DRX configuration with the LMF for optimal RRC_INACTIVE measurements, etc. 
It is also intuitive that the capability to perform DL-based/UL-based RRC_INACTIVE positioning will differ from RRC_CONNECTED UEs. A separate capability for RRC_INACTIVE UEs will also need to be considered.
Proposal 5: RAN1 to support separate capabilities of UEs performing RRC_INACTIVE positioning.
Conclusion
The following observation were noted:
Observation 1: “Number of TRPs” only indicates the recommended total number of TRPs transmitting DL-PRS and does not indicate which of those TRPs are best suited for UE measurement.
Observation 2: DL-only measurement durations and periods may be different between RRC_CONNECTED and RRC_INACTIVE states due to e.g., UE DRX configuration, which may affect the overall location accuracy and power consumption.

Based on the discussion, the following proposals are summarized as follows:
Proposal 1: Support the above remaining (not yet agreed) UE-initiated and LMF-initiated parameters as shown in Table 1. 

Proposal 2: Support the ON/OFF indicator per TRP for LMF-initiated on-demand PRS. 

Proposal 3: Support TRP Priority order indication as part of UE-initiated On-demand PRS.

Proposal 4: RAN1 to consider the DL-PRS configuration impact on measurement accuracy in RRC_INACTIVE state. FFS solutions to address this gap, e.g., separate DL-PRS configurations for RRC_INACTIVE UEs, sharing of the UE DRX configuration with the LMF for optimal RRC_INACTIVE measurements, etc.

Proposal 5: RAN1 to support separate capabilities of UEs performing RRC_INACTIVE positioning.
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