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Introduction
In RAN1#106-e meeting, the following agreements were agreed [1]: 

	Agreement:
· The following lists of on-demand DL-PRS parameters are discussed/prepared by RAN1 and provided as input to RAN2:
· List#1: List of parameters for UE-initiated on-demand DL PRS request
· List#2: List of parameters for LMF-initiated on-demand DL PRS request
· For the following lists of on-demand DL-PRS parameters, send an LS to RAN2 to check whether RAN2 would like RAN1 to send the list of parameters and request feedback as early as possible:
· List #3: List of parameters for UE-initiated on-demand DL PRS request associated with pre-configured set of on-demand DL PRS configurations
· List #4: List of parameters for LMF-initiated on-demand DL PRS request associated with pre-configured set of on-demand DL PRS configurations

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

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

Agreement:
Open loop power control defined in Rel.16 for transmission of SRS for positioning by RRC_CONNECTED UEs is applicable for RRC_INACTIVE UEs.

Agreement:
Spatial relation defined in Rel.16 for transmission of SRS for positioning by RRC_CONNECTED UEs is applicable for RRC_INACTIVE UEs.




In this contribution, we discuss on-demand transmission and reception of DL PRS and positioning solutions for UEs in RRC_INACTIVE state.

Discussion on the on-demand DL PRS request 
An on-demand DL PRS request can be initiated by UE or LMF, corresponding to UE-initiated or LMF-initiated on-demand DL PRS.
According to the agreement in RAN1#106-e, there are two approaches for UE/LMF initiated on-demand DL PRS requests based on the LS to RAN1 [2]. These two approaches are further classified into four lists. List#1 and List#2 belong to general request which is not associated with pre-configured set of DL PRS configurations, which is the first approach. On the other hand, for List#3 and List#4, the request is related to the pre-configured set of DL PRS configurations, which is the second approach. In our opinion, for the latter approach, as the DL PRS is pre-configured, UE only needs to select a configuration ID. Based on RAN2’ reply LS, “RAN2 does not expect RAN1 to send the list of parameters for on-demand DL PRS request associated with pre-configured set of on-demand DL PRS since how to handle DL PRS pre-configuration will be discussed in RAN2” [3]. 
In the last meeting, PRS periodicity, resource bandwidth and QCL information have been agreed as the parameters of on-demand DL PRS request. In Table 1, we present the parameters  which should be included in both UE-initiated and LMF-initiated on-demand PRS requests.
Table 1: Remaining parameters of UE-initiated and LMF-initiated on-demand DL PRS request
	Parameter Name
	Parameter Definition

	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

	Number of DL PRS frequency layers
	Recommended number of DL PRS frequency layers

	DL PRS frequency layer indicator
	Recommended DL PRS frequency layers

	DL-PRS Subcarrier Spacing
	Subcarrier spacing of the DL-PRS Resource

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

	DL-PRS CombSizeN
	Resource element spacing in each symbol of the DL-PRS Resource

	DL PRS ResourceSetSlotOffset
	The slot offset with respect to SFN #0 slot #0

	DL PRS Resource Repetition Factor
	Recommended number of DL-PRS Resource repetitions for a single instance of the DL-PRS Resource Set

	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

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

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



Proposal 1: Include the parameters shown in Table 1 for both UE-initiated and LMF-initiated on-demand DL PRS requests.

NR DL PRSs are normally transmitted in a beam sweeping manner. However, this approach results in inefficient usage of the DL resources, since not all beams are detectable by the UEs at all times. To improve the resource usage efficiency, on-demand DL PRS transmitted towards particular directions at a particular time should be supported for both UE-initiated and/or LMF-initiated on-demand DL PRS. The beam information can be included in the on-demand DL PRS request. Take UE-initiated on-demand DL PRS as an example, a UE can provide the DL measurements with the beam information already available in the UE to LMF when it initiates on-demand DL PRS. The measurements may include SSB/CSI-RS Indexes/DL PRS resources IDs, SS_RSRP, CSI-RSRP, etc. measured from the DL reference signals transmitted from the serving gNB and neighboring gNBs. Then, LMF forwards the reported DL measurements to the corresponding serving gNB and neighboring gNBs, where the gNBs can take the information into account and configure the DL PRS beams towards the UE location. The approach will also reduce the time needed for the UE to perform Rx beam sweeping to measure DL PRS, and the measurement latency, and improve the efficiency of DL resources.
Proposal 2: For UE-initiated on-demand DL PRS, the UE may provide the following information to the gNB and/or LMF when the UE sends an on-demand PRS request to the LMF:
· DL measurements available in UE, which may include SS-RSRP, CSI-RSRP, etc., measured from the serving gNB and neighboring gNBs.
Proposal 3: For LMF-initiated on-demand DL PRS, the LMF may request UE to provide the following information to the LMF before LMF sends an on-demand PRS request to the gNBs:
· DL measurements available in UE, which may include SS-RSRP, CSI-RSRP, etc., measured from the serving gNB and neighboring gNBs.
When a serving gNB responds to LMF-initiated on-demand DL PRS request for a UE, the serving gNB provides the information of allocated on-demand DL PRS resources to the LMF. If DL/UL measurements related to the UE are available at the gNB, the gNB may also include the DL/UL measurements in the response, since the DL/UL measurements may be useful for the LMF to determine DL PRS assistance data for the UE. 
Proposal 4: When a serving gNB sends the response to LMF-initiated on-demand DL PRS for a UE, the serving gNB may provide the following information to the LMF in addition to the allocated DL PRS resources for supporting the on-demand DL PRS:
· DL measurements reported by the UE if available at the serving gNB, which may include SS-RSRP, CSI-RSRP, etc., measured from the DL RS of serving gNB and neighboring gNBs;
· UL measurements related to the UE if available at the gNB, which may include SRS-RSRP, etc., measured by the serving gNB.

[bookmark: _Ref47295947]Positioning for UEs in RRC_INACTIVE state
For DL positioning in RRC_INACTIVE state, UE could obtain the DL PRS configuration from the broadcasting system information, through paging or DL SDT. The details of DL PRS configuration singling should be up to RAN2. In the last meeting, there are several issues proposed for DL positioning, e.g. DL PRS configuration validity criteria, indication for DL PRS measurement and report, etc. In our opinion, these issues should be also discussed in RAN2. Therefore, from RAN1 perspective, the work on NR DL positioning support by RRC_INACTIVE UEs is completed. 
Proposal 5: From RAN1 perspective, the work on NR DL positioning support by RRC_INACTIVE UEs is completed. 

In the last meeting, the transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning under certain validation criteria has been supported. For UL positioning in RRC_INACTIVE state, UE needs to send SRS-Pos for UL measurement. Periodic SRS should be supported by default. In addition, semi-persistent SRS is also beneficial considering UE power consumption for RRC_INACTIVE UE. However, the support of aperiodic SRS may depend on the positioning accuracy since only one-shot measurement could be obtained. It needs to be further studied. As a result, both periodic SRS and semi-persistent SRS should be supported for RRC_INACTIVE UEs.
Proposal 6: Both periodic SRS and semi-persistent SRS should be supported for RRC_INACTIVE UEs.

In Rel-16, gNB provides SRS-Pos configurations for a UE when the UE is in RRC_CONNECTED state. We may consider the following three SRS configuration methods for a UE in RRC_INACTIVE state:
1. Method 1: Using SRS-Pos configurations information provided when UE is in RRC_CONNECTED state. Before the UE enters into RRC_INACTIVE state, gNB provides the SRS-Pos configurations to the UE, which will be used by the UE after it enters into RRC_INACTIVE state. 
1. Method 2: Using a paging message to send SRS-Pos configuration information. The network initiates the UL positioning procedure by transmitting the paging message, which includes SRS-Pos configuration information, at the UE's paging occasion. After receiving the paging message, the UE extracts SRS-Pos configuration information for UL SRS-Pos transmission.
1. Method 3: Using SRS-Pos configuration information obtained by the UE in a new RACH procedure. Before sending SRS-Pos, the UE can initiate a new RACH process. In the process of RACH, the SRS-Pos configuration information can be obtained from Msg2 or MsgB.

[bookmark: p12]Proposal 7: Support the following three SRS-Pos configuration methods for UL positioning in RRC_INACTIVE state:
· UE keeps the SRS-Pos configuration information obtained in RRC_CONNECTED state. 
· UE obtains the SRS-Pos configuration information through the paging message.
· Introducing a new RACH procedure for UE to obtain the SRS-Pos configuration information.

Conclusion 
In this contribution, we discuss on-demand DL PRS and positioning solutions for UEs in RRC_INACTIVE state, and give the following proposals:

Proposal 1: Include the parameters shown in Table 1 for both UE-initiated and LMF-initiated on-demand DL PRS requests.
Table 1: Remaining parameters of on-demand DL PRS request
	Parameter Name
	Parameter Definition

	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 perodicity and length are indicated separately

	Number of DL PRS frequency layers
	Recommended number of DL PRS frequency layers

	DL PRS frequency layer indicator
	Recommended DL PRS frequency layers

	DL-PRS Subcarrier Spacing
	Subcarrier spacing of the DL-PRS Resource

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

	DL-PRS CombSizeN
	Resource element spacing in each symbol of the DL-PRS Resource

	DL PRS ResourceSetSlotOffset
	The slot offset with respect to SFN #0 slot #0

	DL PRS Resource Repetition Factor
	Recommended number of DL-PRS Resource repetitions for a single instance of the DL-PRS Resource Set

	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

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

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



Proposal 2: For UE-initiated on-demand DL PRS, the UE may provide the following information to the gNB and/or LMF when the UE sends an on-demand PRS request to the LMF:
· DL measurements available in UE, which may include SS-RSRP, CSI-RSRP, etc., measured from the serving gNB and neighboring gNBs.
Proposal 3: For LMF-initiated on-demand DL PRS, the LMF may request UE to provide the following information to the LMF before LMF sends an on-demand PRS request to the gNBs:
· DL measurements available in UE, which may include SS-RSRP, CSI-RSRP, etc., measured from the serving gNB and neighboring gNBs.
Proposal 4: When a serving gNB sends the response to LMF-initiated on-demand DL PRS for a UE, the serving gNB may provide the following information to the LMF in addition to the allocated DL PRS resources for supporting the on-demand DL PRS:
· DL measurements reported by the UE if available at the serving gNB, which may include SS-RSRP, CSI-RSRP, etc., measured from the DL RS of serving gNB and neighboring gNBs;
· [bookmark: _GoBack]UL measurements related to the UE if available at the gNB, which may include SRS-RSRP, etc., measured by the serving gNB.
Proposal 5: From RAN1 perspective, the work on NR DL positioning support by RRC_INACTIVE UEs is completed. 
Proposal 6: Both periodic SRS and semi-persistent SRS should be supported for RRC_INACTIVE UEs.
Proposal 7: Support the following three SRS-Pos configuration methods for UL positioning in RRC_INACTIVE state:
· UE keeps the SRS-Pos configuration information obtained in RRC_CONNECTED state. 
· UE obtains the SRS-Pos configuration information through the paging message.
· Introducing a new RACH procedure for UE to obtain the SRS-Pos configuration information.
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