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Introduction
In the last RAN2 meeting [1], the enhancement on NR positioning was discussed. During the meeting, the following agreements have been made:

RAN2 to study positioning in IDLE/INACTIVE mode, on-demand PRS and latency analysis in the study phase.

In this paper, we will look into the techniques listed above. Also, we will further discuss some enhancement solutions that can be considered in R17.
Support of positioning for IDLE/INACTIVE UE
Support of positioning for UEs in IDLE/INACTIVE states is considered to be beneficial for UE power saving, latency reduction and positioning service continuity. This section studies how to support positioning for IDLE/INACTIVE UEs. 
LCS request for MO-LR and MT-LR
Location services can be instigated from the 5GC for an NI-LR or MT‑LR location service, or from the UE in case of an MO-LR location service. While in the relevance of downlink positioning, we need to discuss for the cases of MT-LR and MO-LR respectively. 
For MO-LR, UE initiates the LCS request in NAS message and after the LMF receives the LCS request. If this needs to be enabled in IDLE/INACTIVE, we need to study how the NAS message be transmitted. In R17, we have another work item for small data transmission in RRC_INACTIVE, but mainly designed for the transmission of user plane data. From our thinking, positioning in RRC_INACTIVE can take advantage of the uplink transmission mechanism in small data and transmit control plane NAS signalling with it. However, since IDLE mode transmission is not supported for small data, it is hard to enhance it simply because of positioning. Hence, it is better if we support Uplink transmission in INACTIVE first. 
Proposal 1: For MO-LR, small data transmission in RRC_INACTIVE should support dedicated NAS message transmission in order to support LCS request.
For MT-LR, the LCS request comes from the LCS client from the network side and no signaling from the UE is required. 

Down-Link related procedure
DL positioning mainly includes assistance data transfer procedure and location information procedure. The assistance data transfer can rely on PosSIB when a UE is in IDLE/INACTIVE state. There is no need to enhance the assistance data transfer procedure for UE positioning in IDLE/INACTIVE sate. For location information procedure, the LMF can send the Request Location Information message to UE during the CONNECTED state and let the UE measure PRS during the IDLE/INACTIVE state, which is quite similar to NB-IoT positioning.
In addition, we believe that if UE is only required to report measurement for positioning purpose, i.e. if there is little additional traffic to the core network, allowing UE to directly report the positioning measurement to LMF without entering CONNECTED state can further reduce latency and save power. 
Observation 1: To support DL positioning in IDLE/INACTIVE state, the UE should be configured with PRS and be allowed to measure PRS and report measurement results to LMF in IDLE/INACTIVE state.
2.1.1 DL-PRS configuration
In general, for positioning in IDLE/INACTIVE, we think there are two approaches for PRS configuraiton:
· Option 1: The network broadcasts posSIB. UE requests the system information if it is not broadcasted and acquires the assistance information by reading the system information; Note that in this case, no spec change is needed.
· Option 2: The UE can send the LPP message to LMF to request assistance data 
a) UE receives the LPP message in RRC_CONNECTED and keeps it when the UE moves to IDLE/INACTIVE; Note that in this case, no spec change is needed
b) The UE/GMLC transmits the LCS request in RRC_INACTIVE and receives LPP message in RRCRelease 

For Option1, this is already supported in R16, with the following part of spec. UE can request the DL-PRS configuration by on-demand SI request in IDLE/INACTIVE by sending the RRCSystemInfoRequest.
	RRCSystemInfoRequest message
-- ASN1START
-- TAG-RRCSYSTEMINFOREQUEST-START

RRCSystemInfoRequest ::=            SEQUENCE {
    criticalExtensions                  CHOICE {
        rrcSystemInfoRequest                RRCSystemInfoRequest-IEs,
        criticalExtensionsFuture-r16        CHOICE {
            rrcPosSystemInfoRequest-r16         RRC-PosSystemInfoRequest-r16-IEs,
            criticalExtensionsFuture            SEQUENCE {}
        }
    }
}

RRCSystemInfoRequest-IEs ::=    SEQUENCE {
    requested-SI-List                   BIT STRING (SIZE (maxSI-Message)),  --32bits
    spare                               BIT STRING (SIZE (12))
}

RRC-PosSystemInfoRequest-r16-IEs ::=  SEQUENCE {
    requestedPosSI-List                   BIT STRING (SIZE (maxSI-Message)),  --32bits
    spare                                 BIT STRING (SIZE (11))
}

-- TAG-RRCSYSTEMINFOREQUEST-STOP
-- ASN1STOP




Then, for Option 2(a), while the UE is in RRC_CONNECTED, the network can send LPP message with DL-PRS configuration to the UE. The UE can then keep this configuration to RRC_IDLE/INACTIVE. 
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Figure 1: Configuring UE in CONNECTED state

For the UE in CONNECTED state, LMF can directly send the RequestLocationInformation message to UE. For UE in IDLE state, the AMF would initiates a network triggered service request to establish a signaling connection with the UE. The AMF can then transfer the LPP PDU to the UE, as descripted in TS 38.305. For the UE in INACTIVE state, one way is to trigger UE to resume the RRC connection in order to transfer the LPP PDU. For both cases, NG-RAN can then release the UE back into the INACTIVE/IDLE state.
Then, for option 2(b), the network sends the PRS configuration to the UE while the UE is in RRC_IDLE/INACTIVE with LPP message. In order to reduce the procedure latency, and avoid the UE resuming the RRC connection wasting UE power consumption, it is proposed to let the NG-RAN to transfer the LPP PDU to UE while keeping the UE in INACTIVE state. The procedure is depicted in Figure 2 for the case of MT-LR as an example and the LPP message delivery is the same for MO-LR and MT-LR.
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Figure 2, DL-PRS Configuration in INACTIVE 
For the UE remaining in the last serving NG-RAN, when AMF transfer the LPP PDU to the serving NG-RAN, it indicates that the NAS PDU comprises a LPP PDU. The serving NG-RAN can then page the UE in order to transfer the LPP PDU. After receiving the RRC Resume Request message from the UE, the serving NG-RAN can directly send the RRC Release to UE and include the LPP PDU. In this way, the UE can be avoided to entering RRC CONNECTED state and can save the power consumption as well as reduce the procedure latency.
For the UE moving to another RAN node, the last serving RAN can transfer the LPP PDU to the UE camped RAN. The procedure is depicted in Figure 3. 
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Figure 3, DL-PRS configuration in INACTIVE with UE mobility
As can be seen in Figure 3, when the last serving RAN node received the LPP PDU from AMF, it can paging UE and transfer the NAS PDU (containing LPP PDU) to the UE camped NG-RAN through the UE context exchange procedure. The last serving RAN can also send the indication that the NAS PDU contains the LPP message. The UE camped RAN can then transfer the LPP PDU to the UE through RRC Release message.
Proposal 2: DL-PRS configuration delivery to the UE should be supported for INACTIVE positioning.

2.1.2 PRS measurement 
In order to support UE to measure PRS in IDLE/INACTIVE state, the first issue is to configure UE for the positioning measurements. The network needs to configure UE to measure PRS in IDLE/INACTIVE state. A natural way is to send the indication through LPP message (RequestLocationInformation) to the UE to continue measuring PRS and reporting results when gNB later releases UE from RRC connection. There are two cases for the RequestLocationInformation message to be sent to the UE: The LMF sends RequestLocationInformation while the UE is in CONNECTED or in IDLE/INACTIVE.
· First, for sending RequestLocationInformation in RRC_CONNECTED, the current spec can already support this and there is no specification impact for this. The LMF can send the message to the UE while the UE is in CONNECTED by setting the type for the request as periodicalReporting and the UE can continue the measurement in IDLE/INACTIVE
· Second, for sending RequestLocationInformation in RRC_INACTIVE/IDLE, the network can send this to the UE along with the DL-PRS assistance information sent in RRCRelease in msg4.  

In R16, PRS measurement is only defined for RRC_CONNECTED in 38.215. However, even for R16 positioning, the PRS configuration is un-related to the RRC state of the UE since it is configured by the LPP application layer. Even if the UE may move to IDLE/INACTIVE, the UE may still keep the DL-PRS configuration in IDLE/INACTIVE. In R17, if we want to support positioning in IDLE/INACTIVE, it is natural to support PRS measurement in IDLE/INACTIVE. 
Proposal 3: Support DL-PRS measurement in IDLE/INACTIVE

2.1.3 UE measurement reporting
After the receiving the RequestLocationInformation message and the indication of continuing measuring in IDLE/INACTIVE sate, the UE can then measure PRS of multiple TRPs, even when it is released to the IDLE/INACTIVE state. For the reporting of positioning measurement results, it is expected to report the measurement results as quickly as possible to reduce the procedure latency. 
For this reason, the UE can send the LPP message (ProvideLocationInformation) though NAS as early as possible during the UE initial access process. For example, the UE can send the NAS containing LPP messages through RRC Resume/Setup Complete message.
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Figure 4: UE measurements reporting

To further reduce the UE power and latency, it can be considered to support the UE to report measurement results before the completion of the RRC connection. That means the measurement results need to be sent to the network before the RRC Resume/Setup Complete message. For UE in INACTIVE state, it can transfer the positioning data to the core network by sending a RRC Resume Request, potentially with a proper cause value. The gNB can then send the RRC Release message to keep the UE in INACTIVE state, to save the power of the UE. The AMF also has the context of this UE in INACTIVE state, it can transfer the LPP data to LMF using a UE-associated message. Figure 5 describes the procedure above. The positioning measurement reporting can also be started from the scenario of UE in INACTIVE state in Rel-17. Therefore, it is proposed to at least support the DL-PRS measurements reporting through the mechanism of small data transfer for the UE in INACTIVE state. 
Proposal 4: Small data transmission should support the DL-PRS measurement reporting in INACTIVE state for INACIVE DL positioning. 
Furthermore, for PRS measurement performed in RRC_IDLE/INACTIVE, UE should be able to report these measurement results to the network when the UE transits to RRC_CONNECTED. This was supported for NB-IOT positioning, for which, measurement is performed during IDLE and measurement report is sent to the network during RRC_CONNECTED. 
Proposal 5: DL-PRS measurement reporting should be supported in CONNECTED for IDLE/INACTIVE positioning
Up-Link related procedure
Uplink positioning relies on the gNB measurements based on the SRS sent by the target UE. Thus, the support of uplink positioning for UE in IDLE/INACTIVE state requires the UE to send SRS during the IDLE/INACTIVE state.
For IDLE state, the UE is in CM-IDLE, and allocating SRS reception at NG-RAN (TRP) for a CM-IDLE UE may have a potential risk of losing the measurement, since UE may be in mobility within the tracking area without notifying network, where the TA can be as large as a city.
Therefore, we think SRS transmission in INACTIVE state should be prioritized, where the UE is still assumed CM-CONNECTED and the mobility is within the RAN notification area, and such an SRS transmission/reception can be well managed by NG-RAN.
Proposal 6: Rel-17 should support SRS transmission in IDLE/INACTIVE state.
2.3.1 SRS configuration
To help the NG-RAN to decide to include the SRS configurations in the RRC release message, or help the NG-RAN to decide to release the UE to IDLE/INACTIVE state to sending SRS when there is no data service, an indication or information can be sent from the LMF to the NG-RAN. Namely, LMF can provide assistant information to NG-RAN to help NG-RAN to decide configuring the UE to continuing sending SRS when the UE is released to IDLE/INACTIVE state. Additionally, the UE can report the corresponding capabilities to the LMF, such as the capability of sending SRS in IDLE/INACTIVE state. Then LMF can select the proper UL positioning method with this capability information.
Proposal 7: UE to report capability of sending SRS in IDLE/INACTIVE state.
The key issue now is how to configure UE to send SRS when entering INACTIVE state. A natural solution is to include the SRS configurations in RRC release message to enable UE to send SRS after entering IDLE/INACTIVE state, which is adopted in PUR for NB-IoT and eMTC for IDLE/INACTIVE UL transmission.
Proposal 8: Include the SRS configurations in RRC Release message to enable UE to send SRS in IDLE/INACTIVE state.

2.3.2 SRS transmission
In addition to obtaining the SRS configuration, in order to transmit the SRS without causing interference to other CONNECTED UEs or between INACTIVE UEs that need to transmit SRS, the following aspects need to be studied.
DL synchronization: UE needs to acquire the DL synchronization from the camped cell.
TA maintenance: UE needs to maintain UL TA with respect to the gNBs/TRPs that receive the SRS sent by the UE, and the case to receive TA commands from the camped cell needs to be studied.
Cell reselection: For the cases when UE reselects another cell, whether the existing SRS configuration is released/expired or still can be used needs to be studied.
Triggering of AP-SRS: If AP-SRS is supported in INACTIVE state, how to convey the DCI to the UE to trigger the UE to transmit the AP-SRS needs to be studied.

Proposal 9: The following issues needs to be studied in the WI with respect to SRS transmission in INACTIVE state
DL synchronization
TA maintenance
Cell reselection
Triggering of AP-SRS
Support of on-demand PRS
Given the fact that PRS transmission scheduling is up to NG-RAN, which includes both serving NG-RAN node and non-serving NG-RAN node, it is not likely that UE would directly request PRS transmission from non-serving NG-RAN node, and we suggest that on-demand PRS should only be focusing on the following signalling directions
UE  LMF
LMF  NG-RAN

UE’s recommendation of on-demand PRS to LMF
For the signalling from UE to LMF, either the LPP ProvideCapabilities IE or the LPP RequestAssistanceData IE can be reused to enable on-demand PRS. Note that in Rel-16, we define a wide variety of PRS related capabilities that reflect the UE PRS process, measurement, storage capability, and need to be taken into account when LMF provides the assistance data. For LPP RequestAssistanceData, the PCell of the UE is included as LMF knows roughly the UE location based on CID.
Observation 2: The existing LPP signallings provide a well functioned on-demand PRS request by the UE to LMF via either ProvideCapabilities or RequestAssistanceData.
Considering potential enhancement needed for Rel-17, we suggest to only consider enhancing the concerned LPP messages.
Proposal 10: UE recommends PRS configuration to LMF by enhancing ProvideCapabilities and RequestAssistanceData in LPP and LMF sends on-demand PRS request to LMF.
LMF initiated on-demand PRS
In Uu-link we have defined for SRS and CSI-RS
Periodic RS that is configured with a pre-set reception occasion, and is activated upon configuration.
Semi-persistent RS that is configured with a pre-set reception occasion, but is only activated when a succeeding activation signalling is received, and can be deactivated by a succeeding deactivation signalling.
Aperiodic RS that is configured without a pre-set reception occasion, and can be activated once at any time based on a succeeding activation signalling.
The on-demand PRS initiated by LMF can use this concept, and we propose to define the following 3 types of PRS with the interaction between gNB and LMF in the 5GC.
5GC periodic PRS that corresponds to the Rel-16 PRS that is always activated from LMF perspective if provided by the TRP.
5GC semi-persistent PRS of which the transmission occasion is preset as provided by the TRP, and the actual transmission can be switched on/off by the LMF.
5GC aperiodic PRS of which the transmission occasion can be almost in any slot (as long as the slot format supports), and the actual transmission can be request by the LMF with a specific transmission time recommendation.
5GC periodic PRS is the most inflexible PRS that can only be turned on/off via implementation or OAM, 5GC semi-persistent PRS provides some opportunity of PRS overheard reduction, while 5GC aperiodic PRS is the most flexible PRS that requires NG-RAN to schedule PRS transmission similar to data. As the starting point, we suggest to study LMF on-demand PRS for 5GC semi-persistent PRS
Proposal 11: NR supports at least 5GC semi-persistent PRS of which the transmission occasion is pre-configured as provided by the TRP, and the actual transmission can be switched on/off by the LMF.
To support on-demand on/off of the 5GC semi-persistent PRS, the LMF is expected to suggest the preferred PRS resources to the NG-RAN nodes, who can then configure the PRS transmission. For example, if there is no UE taking the measurement on PRS from a TRP, LMF may suggest the RAN nodes to shut-down of the PRS transmission for the TRP. If there is no UE taking the measurement on the PRS on a specific beam, LMF may suggest the partial shut-down of the PRS transmission by deactivating some PRS resources. For a PRS that is already shut down, if UE needs to measure it, LMF may also suggest PRS transmission of the PRS to the RAN.
The NG-RAN take that suggestion into account and then decides to switch on/off the respective PRS transmissions on TRPs. 
Proposal 12: Define the NRPPa procedure to
Allow RAN to provide indication of the PRS types (being 5GC semi-persistent PRS) of the TRPs.
Allow the LMF to request PRS transmissions on/off. 
In order to let the LMF to make proper decisions on the PRS transmission suggestion at different TRP, some assistance data need to be collected by the LMF from TRPs and/or UEs. A proper way is to let the LMF to request the RRM measurements from the target UE and then LMF can select the PRS resources based the RRM measurements information and the PRS angle information, which can be done by e.g. enhancing NR E-CID positioning.
Proposal 13: LMF makes the suggestion on PRS transmission based on the RRM measurements collected from the UE or NG-RAN.
Positioning latency analysis
Based on the discussion in [Post111-e][625][POS] End-to-end latency analysis (Intel), we provided our views on “End-to-End” latency analysis within RAN2 scope.
Remaining issues in the email discussion
Entities in 5GC
Involvement of GMLC, UDM, and client/NEF/AF is suggested as precluded, simply because the operation of those nodes, including signaling flow and processing delay is not strongly correlated to the positioning enhancement, and any optimization in RAN has no impact on the entities.
Aspects regarding E-CID
As E-CID does not require additional measurement from UE in addition to existing RRM, the measurement latency for DL E-CID is supposedly 0. This does not harm listing the components and marked it as 0 for Rel-16.
Work split between RAN1 and RAN2
It was commented that
	It was agreed in RAN1 that the RAN1 part of latency analysis starts from gNB Tx of RequestLocationInformation message, so that part of Step4, Step 5, step 6 and part of step 8 are already counted by RAN1.
Agreement:
Physical Layer Latency Start and End times are defined as follows:
	Method
	Start
	End

	UE assisted DL-only & DL-ECID & Multi-RTT
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message 






For Figure 1 in the email discussion shown below, RAN1 latency analysis includes steps 4-1, 5, 6, 7, 8-1, which cannot be simplified as step 7 only. The current proposal will cause overlap counting between RAN1 and RAN2. The same applies to Multi-RTT, and UL E-CID.


In addition, there are still alternatives on when L1-latency analysis starts for UE-based DL-only positioning, RAN2 analysis should consider the selection of RAN1.
Multi-RTT
Since multi-RTT includes both UE measurement and gNB measurement, and they can be carried out simultaneously. We suggest to adopt the maximum value between DL-only UE-assisted positioning and UL-only positioning, the majority case of which takes the DL-only UE-assisted positioning, and thus we propose to combine multi-RTT positioning with DL-only UE-assisted positioning.
Proposal 14: Adopt the following principle in the latency evaluation
Do not include GMLC, UDM, client/NEF/AF
Include UE measurement as a placeholder taking value 0 for DL E-CID positioning
Refine the components for DL-only/multi-RTT taking into account the RAN1’s work
Simplify multi-RTT latency by merging multi-RTT with DL-only UE-assisted positioning
Latency analysis
Tables 1 to 5 provide the latency analysis with the assumption of the “atom component” latency summarized below.
	TUEProc-RRCReconf
	TUEProc-RRCDLInfo
	TUEProc-RRCULInfo
	TUEProc-RRCLocationMeas
	TUEProc-LPPCapab
	TUEProc-LPPAssi
	TUEProc-LPPLocationRe
	TUEProc-MAC-SRSAct

	10
	5
	2-5
	2-5
	10-20
	10
	5
	1-3



	TgNBProc-RRC
	TgNBProc-NRPPa
	TgNBProc-NAS/LPP
	TAMFProc
	TLMFProc
	TUE-gNB
	TgNB-AMF
	TAMF-LMF
	TAMF-GMLC
	TLMF-Calc

	3
	3 
	3
	3
	3
	0-0.5
	3-10
	1-10
	3-10
	2-30



Table 1: Positioning latency for UE-assisted DL-TDOA/DL-AoD/Multi-RTT
	Positioning technique [DL-TDOA/DL-AoD/Multi-RTT], mode [UE-A] Figure 1


	Latency Component
	Value Range
	Description of Latency Component

	Step 1 LPP Request capabilities
	0, or
18-34.5
	0 (capability exchange not included), or
TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ TUEProc-RRCDLInfo
Note, the LPP capability processing delay is counted together in response message. 

	Step 2 LPP Provide Capabilities
	0, or
25-54.5
	0 (capability exchange not included), or
TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ 
TUEProc-RRCULInfo+ TUEProc-LPPCapab

	Step 3 LPP Provide Assistance Data
	28-44.5
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ 
TUEProc-RRCDLInfo+ TUEProc-LPPAssi


	Step 4 (4-3, 4-2) LPP Request Location Information (transport to gNB)
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP

	RAN1 steps (4-1, 5, 6, 7, 8-1)
	N/A
	RAN1 inputs 

	Step 8 (8-2, 8-3) LPP Provide Location Information (transport from gNB)
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP

	Step 9 LMF calculation
	2-30
	TLMF-Calc

	Total values in RAN2
	56-132.5, or
99-221.5
	



Table 2: Positioning latency for DL NR E-CID
	Positioning technique [Downlink NR E-CID] [UE-A] Figure 4-1


	Latency Component
	Value Range
	Description of Latency Component

	Step 1 LPP Request capabilities
	0, or
18-34.5
	0 (capability exchange not included), or
TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ TUEProc-RRCDLInfo
Note, the LPP capability processing delay is counted together in response message. 

	Step 2 LPP Provide Capabilities
	0, or
25-54.5
	0 (capability exchange not included), or
TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ 
TUEProc-RRCULInfo+ TUEProc-LPPCapab

	Step 3 (3-3, 3-2) LPP Request Location Information
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP


	RAN1 steps (3-1, 4, 5-1)
	
	RAN1 inputs

	Step 5 (5-2, 5-3) LPP Provide Location Information
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP

	Step 6 LMF calculation
	2-30
	TLMF-Calc

	Total values in RAN2
	28-88, or
71-177
	



Table 3: Positioning latency for UL-TDOA/UL-AoA
	Positioning technique [UL-TDOA/UL-AoA] Figure 2


	Latency Component
	Value Range
	Description of Latency Component

	Step 1 LPP Request capabilities
	0, or
18-34.5
	0 (MIMO SRS used and capability exchange not included), or
TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ TUEProc-RRCDLInfo
Note, the LPP capability processing delay is counted together in response message. 

	Step 2 LPP Provide Capabilities
	0, or
25-54.5
	0 (MIMO SRS used and capability exchange not included), or
TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ 
TUEProc-RRCULInfo+ TUEProc-LPPCapab

	Step 3 NRPPa POSITIONING INFORMATION REQUEST
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa

	Step 4 RRC SRS configuration
	0, or
13-13.5
	0 (MIMO SRS used and reconfiguration not included), or
TgNBProc-RRC+ TUE-gNB+ TUEProc-RRCReconf

	Step 5 NRPPa POSITIONING INFORMATION RESPONSE
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa 

	Step 6 NRPPa Request UE SRS activation
	0, or
13-29
	0 (MIMO SRS used and activation not included), or
TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa 

	Step 7 MAC Activate UE SRS transmission
	0, or
1-3.5
	0 (MIMO SRS used and activation not included), or
TUE-gNB +TUEProc-MAC-SRSAct

	Step 8 NRPPa Request UE SRS activate Response
	0, or
13-29
	0 (MIMO SRS used and deactivation not included), or
TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa

	Step 9 NRPPa MEASUREMENT REQUEST
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa

	RAN1 step (10)
	
	RAN1 inputs

	Step 11 NRPPa MEASUREMENT RESPONSE
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa

	Step 12 LMF calculation
	2-30
	TLMF-Calc

	Total values in RAN2
	54-146, or
127-310
	



Table 4: Positioning latency for UL NR E-CID
	Positioning technique [Uplink NR E-CID] Figure 4-2


	Latency Component
	Value Range
	Description of Latency Component

	Step 1 NRPPa E-CID Measurement Initiation Request
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa

	RAN1 steps (2, 3, 4, 5)
	
	RAN1 inputs 

	Step 6 NRPPa E-CID Measurement Initiation Response
	13-29
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NRPPa

	Step 7 LMF calculation
	2-30
	TLMF-Calc

	Total values 
	28-88
	



Table 5: Positioning latency for UE-based DL-TDOA/DL-AoD with MO-LR
	Positioning technique [DL-TDOA/DL-AoD], mode [UE-B w/ MO-LR] Figure 1


	Latency Component
	Value Range
	Description of Latency Component

	Step 1 LPP Request capabilities
	0, or
18-34.5
	0 (capability exchange not included), or
TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ TUEProc-RRCDLInfo
Note, the LPP capability processing delay is counted together in response message. 

	Step 2 LPP Provide Capabilities
	0, or
25-54.5
	0 (capability exchange not included), or
TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP +TUE-gNB+ 
TUEProc-RRCULInfo+ TUEProc-LPPCapab

	Step 3 (3-3, 3-2) LPP Provide Assistance Data
	28-44.5
	TLMFProc+ TAMF-LMF+ TAMFProc +TgNB-AMF + TgNBProc-NAS/LPP 


	RAN1 steps (3-1, 5, 6, 7)
	
	RAN1 inputs 

	Total values in RAN2
	28-44.5, or
71-133.5
	



Observation 3: The positioning latency results for RAN2 are summarized below (excluding RAN1 input)
	Positioning method
	Value range

	UE-A DL-TDOA/DL-AoD/Multi-RTT
	Capability exchange not included
	56-132.5

	
	Capability exchange included
	99-221.5

	UE-A DL E-CID
	Capability exchange not included
	28-88

	
	Capability exchange included
	71-177

	UL-TDOA/UL-AoA
	Reuse MIMO SRS without capability exchange or reconfiguration
	54-146

	
	Use positioning SRS with capability exchange and reconfiguration
	127-310

	UL E-CID
	28-88

	UE-B DL-TDOA/DL-AoD
	Capability exchange not included
	28-44.5

	
	Capability exchange included
	71-133.5



Conclusion
Base on the analysis above, we propose the following:
Observation 1: To support DL positioning in IDLE/INACTIVE state, the UE should be configured with PRS and be allowed to measure PRS and report measurement results to LMF in IDLE/INACTIVE state.
Observation 2: The existing LPP signallings provide a well functioned on-demand PRS request by the UE to LMF via either ProvideCapabilities or RequestAssistanceData.
Observation 3: The positioning latency results for RAN2 are summarized below (excluding RAN1 input)
	Positioning method
	Value range

	UE-A DL-TDOA/DL-AoD/Multi-RTT
	Capability exchange not included
	56-132.5

	
	Capability exchange included
	99-221.5

	UE-A DL E-CID
	Capability exchange not included
	28-88

	
	Capability exchange included
	71-177

	UL-TDOA/UL-AoA
	Reuse MIMO SRS without capability exchange or reconfiguration
	54-146

	
	Use positioning SRS with capability exchange and reconfiguration
	127-310

	UL E-CID
	28-88

	UE-B DL-TDOA/DL-AoD
	Capability exchange not included
	28-44.5

	
	Capability exchange included
	71-133.5



Idle/Inactive Positioning
Proposal 1: For MO-LR, small data transmission in RRC_INACTIVE should support dedicated NAS message transmission in order to support LCS request.
Proposal 2: DL-PRS configuration delivery to the UE should be supported for IDLE/INACTIVE positioning.
Proposal 3: Support DL-PRS measurement in IDLE/INACTIVE
Proposal 4: Smalldata transmission should support the DL-PRS measurement reporting in INACTIVE state for INACIVE DL positioning. 
Proposal 5: DL-PRS measurement reporting should be supported in CONNECTED for IDLE/INACTIVE positioning
Proposal 6: Rel-17 should support SRS transmission in IDLE/INACTIVE state.
Proposal 7: UE to report capability of sending SRS in IDLE/INACTIVE state.
Proposal 8: Include the SRS configurations in RRC Release message to enable UE to send SRS in IDLE/INACTIVE state.
Proposal 9: The following issues needs to be studied in the WI with respect to SRS transmission in INACTIVE state
DL synchronization
TA maintenance
Cell reselection
Triggering of AP-SRS
On-demand PRS
Proposal 10: UE recommends PRS configuration to LMF by enhancing ProvideCapabilities and RequestAssistanceData in LPP and LMF sends on-demand PRS request to LMF.
Proposal 11: NR supports at least 5GC semi-persistent PRS of which the transmission occasion is pre-configured as provided by the TRP, and the actual transmission can be switched on/off by the LMF.
Proposal 12: Define the NRPPa procedure to
Allow RAN to provide indication of the PRS types (being 5GC semi-persistent PRS) of the TRPs.
Allow the LMF to request PRS transmissions on/off. 
Proposal 13: LMF makes the suggestion on PRS transmission based on the RRM measurements collected from the UE or NG-RAN.
Latency Analysis
Proposal 14: Adopt the following principle in the latency evaluation
Do not include GMLC, UDM, client/NEF/AF
Include UE measurement as a placeholder taking value 0 for DL E-CID positioning
Refine the components for DL-only/multi-RTT taking into account the RAN1’s work
[bookmark: _GoBack]Simplify multi-RTT latency by merging multi-RTT with DL-only UE-assisted positioning
References
[1] RAN2#111, Chairman notes.
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