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Introduction
The work item scope on NR positioning enhancements includes the following set of objectives where RAN WG1 is expected to provide input to RAN WG2, [1]:
	· 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

· [bookmark: _Hlk67643273]Specify methods, measurements, signaling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3, RAN4]:
· DL NR positioning methods and RAT-independent positioning methods
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
· Note: this work will be coordinated with the SDT WI
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state



In this contribution we discuss the remaining open issues for the proposed enhancements, including the parameters for the on-demand DL PRS transmission for UE and LMF initiated request, the types of the UL SRS transmission and the measurements supported by the UE in the RRC_INACTIVE state, UL SRS and DL PRS bandwidth relationship with the initial BWP, and configuration of the UL SRS for positioning. 

On-demand DL PRS and Positioning in RRC_INACTIVE State
1.1 On-demand DL PRS Parameters
The RAN WG1 agreed to support on-demand DL PRS transmission for the UE and NW-initiated request. It is expected to define the signaling from UE to the LMF in case of the UE-initiated request and from LMF to the gNB in case if the NW-initiated request aiming to recommend the DL PRS transmission parameters. 
At the RAN WG1 #106-e meeting it was agreed to include the following list of parameters for on-demand PRS in case of UE initiated and LMF initiated request, [2]:
	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
2. DL PRS Periodicity
2. DL PRS Resource Bandwidth
2. DL PRS QCL information
Conclude on remaining parameters at RAN1#106-bis-e



At the RAN WG1 #106b-e meeting the list of parameters for on-demand PRS in case of UE initiated and LMF initiated was extended to support the following additional list of parameters, [3]:
	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



The following list of parameters was supported by majority of companies during the meeting and has been captured in the FL’s summary document, [4]:
	Proposal:
· The following list of on-demand DL PRS parameters is additionally supported
· Beam directions (for on-demand LMF initiated request)
· Number of TRPs



Beam Directions Parameter
In our understanding, the Beam Directions parameter specifies the recommended azimuth and zenith angles of the boresight directions in which the DL PRS resources are transmitted by the TRP. We believe that Beam Directions parameter can be specified for both UE and LMF initiated request. The spatial direction information of the DL-PRS resources can be provided by LMF to the UE using NR-DL-PRS-BeamInfo IE, [5]. 

Based on the provided considerations, we propose to support Beam Directions parameter for both UE and LMF initiated request:


Include Beam Directions parameter into the list of on-demand DL PRS parameters supported for UE and LMF initiated request:
Beam Directions parameter specifies the recommended azimuth and zenith angles of the boresight directions in which the DL PRS resources are transmitted by the TRP

Number of TRPs Parameter
In our understanding the total number of TRPs is defined per frequency layer and in case of the UE initiated request refers to the total number of TRPs including the serving and neighbour gNBs. In case of the LMF initiated request, the LMF may specify the total number of TRPs for each gNB.

We propose to support Number of TRPs parameter for both UE and LMF initiated request:


Include Number of TRPs parameter into the list of on-demand DL PRS parameters supported for UE and LMF initiated request:
In case of UE initiated request, Number of TRPs parameter specifies the total number of TRPs including the serving and neighbour gNBs per frequency layer
In case of LMF initiated request, Number of TRPs parameters specifies the total number of TRPs for each gNB per frequency layer

In summary, we have the following list of on-demand DL PRS parameters provided in Table 1.

[bookmark: _Ref83928469]Table 1: List of on-demand DL PRS parameters for UE-initiated and NW-initiated requests
	Parameter
	Parameter definition
	Granularity of signaling per
Resource/Resource Set/TRP/PFL/FR

	DL PRS Periodicity
	Recommended periodicity of the DL PRS allocation
	LMF: per Resource Set
UE: per PFL or Resource Set

	DL PRS Resource Bandwidth
	Recommended DL PRS resource bandwidth
	LMF: per Resource Set
UE: per PFL or Resource Set

	DL PRS QCL-Info
	Request for QCL indication with other DL reference signals for the serving and neighboring cells per DL PRS Resource
	LMF: per Resource Set
UE: per PFL or Resource Set

	Start/end time of DL PRS transmission
	Time interval recommended for DL PRS transmission within the SFN cycle
(It may contain one or more DL PRS occasions/periods which periodicity and length are indicated separately)
	LMF: per Resource Set
UE: per PFL or Resource Set

	DL PRS Resource Repetition Factor
	Recommended number of DL-PRS Resource repetitions for a single instance of the DL-PRS Resource Set
	LMF: per Resource Set
UE: per PFL or Resource Set

	Number of DL PRS Resource Symbols per DL PRS Resource
	Recommended number of symbols per DL-PRS Resource within a slot
	LMF: per Resource Set
UE: per PFL or Resource Set

	DL-PRS CombSizeN
	Resource element spacing in each symbol of the DL-PRS Resource
	LMF: per Resource Set
UE: per PFL or Resource Set

	Number of DL PRS frequency layers
	Recommended number of DL PRS frequency layers
	LMF: per FR
UE: per FR

	ON/OFF indicator (for LMF initiated request only)
	Recommended indication to switch ON/OFF DL PRS transmission
	LMF: per Resource Set
UE: NA

	Beam Directions
	Recommended azimuth and zenith angles of the boresight directions in which the DL PRS resources are transmitted by the TRP
	LMF: per TRP
UE: per TRP

	Number of TRPs
	For UE initiated request: total number of TRPs including the serving and neighbour gNBs per frequency layer
For LMF initiated request: total number of TRPs for each gNB per frequency layer
	LMF: per PFL per gNB
UE: per FR


One of the remaining opens that needs to be discussed is the granularity of on-demand DL PRS signaling for UE and LMF-initiated request (per Resource / Resource Set / TRP / PFL / FR). Our views on granularity of signaling for on-demand DL PRS request are provided in Table 1.

1.2 UL SRS Transmission in RRC_INACTIVE State
The feasibility of semi-persistent UL SRS for positioning transmission in the RRC_INACTIVE state was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [3]:
	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



Based on the RAN WG2 email discussion (R2-2108946, [4]), RAN2 discussed issues related to RRC_INACTIVE and agreed:
	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.



It follows that RAN2 agreed to support periodic SRS configuration by gNB using RRC Release message, assuming that periodic SRS transmission is supported in the RRC_INACTIVE state. 

Analyzing RAN1 and RAN2 agreements, a UE in the RRC_INACTIVE state can support UL and UL+DL positioning methods. 
For the DL positioning, the SDT functionality can be used to receive positioning related information in DL, if the UE initiated data transmission using UL SDT is employed. From RAN1 perspective it was agreed that UE in RRC_INACTIVE state can perform DL PRS measurements:
	Agreement:
· NR positioning supports DL PRS-RSRP (section 5.1.28 in the TS 38.215) and DL RSTD (section 5.1.29 in the TS 38.215) measurements by UEs in RRC_INACTIVE state
· FFS additional potential impact on RAN1



The feasibility of transmission for the periodic and semi-persistent UL SRS in the RRC_INACTIVE state was confirmed by RAN1 and configuration (at least for periodic UL SRS for positioning) performed using RRC Release message was agreed by RAN2. 
Given that MAC CE is used for semi-persistent UL SRS for positioning support, we think that remaining signaling aspects for the UL SRS for positioning activation/deactivation can be directly considered in RAN2. 

The only remaining aspect that needs to be confirmed by RAN1 is the feasibility to support UE Rx-Tx time difference measurements in the RRC_INACTIVE state for the DL+UL (Multi-RTT) positioning method.

With that regards, we have the following proposal:

[bookmark: _Hlk53490452]
For the DL+UL positioning by RRC_INACTIVE UEs, support UE Rx-Tx time difference measurement 

1.3 UL SRS and DL PRS Bandwidth Relationship with BWP0
The relationship of the UL SRS and DL PRS bandwidth with the initial bandwidth part was discussed at the previous meeting and the following agreement has been captured in the chairman’s notes with regards to the UL SRS bandwidth configuration, [3]:
	Agreement:
1. 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



Similar discussion took place for the DL PRS processing inside and outside the initial DL BWP and the following proposal has been captured in the FL’s summary document, [4]:
	Proposal:
1. UE in RRC_INACTIVE state supports DL PRS processing outside and inside the initial DL BWP and the SCS of DL PRS is the same or different with the initial DL BWP
1. FFS details of UE capability signaling



In our understanding, since the initial BWP may be not enough to perform high accuracy positioning, it is desirable to enable UE to perform measurements inside and outside of the initial bandwidth part. Some companies believe that the above feature should be under UE capability.
Another aspect that was discussed during the meeting, is that further discussion maybe needed in RAN4 with regards to the potential gaps between the DL BWP and the DL PRS when the bandwidth or SCS are different. 

We believe that it is reasonable to support the basic proposal from the FL side as a starting point with the added note on the gaps between the DL BWP and DL PRS:


UE in RRC_INACTIVE state supports DL PRS processing outside and inside the initial DL BWP and the SCS of DL PRS is the same or different with the initial DL BWP
FFS details of UE capability signaling
Note: further discussion may be needed in RAN4 with regards to the potential gaps between the DL BWP and the DL PRS when the bandwidth and SCS are different


1.4 Configuration of UL SRS for Positioning
The configuration of the UL SRS for positioning was discussed during the previous meeting and the following proposal has been captured in the FL’s document summary, [4]:
	Proposal:
· RAN1 assumes that SRS for positioning for UEs in RRC_INACTIVE state is configured using the SRS-PosResourceSet IE



Based on the provided feedback, some companies believe that this aspect can be left up to RAN2 discussion. 
We believe it is reasonable to support FL’s proposal:


RAN1 assumes that SRS for positioning for UEs in RRC_INACTIVE state can be configured using the SRS-PosResourceSet IE


Conclusions
In this contribution, we provided our views on RAN2 led objectives for NR positioning enhancements that require input from RAN1 side, and we have the following proposals:

Proposal 1:
Include Beam Directions parameter into the list of on-demand DL PRS parameters supported for UE and LMF initiated request:
Beam Directions parameter specifies the recommended azimuth and zenith angles of the boresight directions in which the DL PRS resources are transmitted by the TRP

Proposal 2:
Include Number of TRPs parameter into the list of on-demand DL PRS parameters supported for UE and LMF initiated request:
In case of UE initiated request, Number of TRPs parameter specifies the total number of TRPs including the serving and neighbour gNBs per frequency layer
In case of LMF initiated request, Number of TRPs parameters specifies the total number of TRPs for each gNB per frequency layer

Proposal 3:
For the DL+UL positioning by RRC_INACTIVE UEs, support UE Rx-Tx time difference measurement

Proposal 4:
UE in RRC_INACTIVE state supports DL PRS processing outside and inside the initial DL BWP and the SCS of DL PRS is the same or different with the initial DL BWP
FFS details of UE capability signaling
Note: further discussion may be needed in RAN4 with regards to the potential gaps between the DL BWP and the DL PRS when the bandwidth and SCS are different

Proposal 5:
RAN1 assumes that SRS for positioning for UEs in RRC_INACTIVE state can be configured using the SRS-PosResourceSet IE
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