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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in [1] apply.

As used in this document, the suffixes “-based” and “-assisted” refer respectively to the node that is responsible for making the positioning calculation (and which may also provide measurements) and a node that provides measurements (but which does not make the positioning calculation).  Thus, an operation in which measurements are provided by the UE to the E-SMLC to be used in the computation of a position estimate is described as “UE-assisted” (and could also be called “E-SMLC-based”), while one in which the UE computes its own position is described as “UE-based”.
Both standalone LMU and LMU integrated into an eNB are supported.  As used in this document, LMU refers to both cases of a standalone LMU and an LMU integrated into an eNodeB unless explicitly mentioned otherwise.
3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply.

AoA
Angle of Arrival

CID
Cell-ID (positioning method)

E-SMLC
Enhanced Serving Mobile Location Centre

E-CID
Enhanced Cell-ID (positioning method)

ECEF
Earth-Centered, Earth-Fixed

ECI
Earth-Centered-Inertial

EGNOS
European Geostationary Navigation Overlay Service

E-UTRAN
Evolved Universal Terrestrial Radio Access Network

GAGAN
GPS Aided Geo Augmented Navigation

GLONASS
GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)

GMLC
Gateway Mobile Location Center

GNSS
Global Navigation Satellite System

GPS
Global Positioning System

LCS
LoCation Services

LCS-AP
LCS Application Protocol

LMU
Location Measurement Unit

LPP
LTE Positioning Protocol

LPPa
LTE Positioning Protocol Annex

MO-LR
Mobile Originated Location Request

MT-LR
Mobile Terminated Location Request

NI-LR
Network Induced Location Request
PDU
Protocol Data Unit

PRS
Positioning Reference Signal

QZSS
Quasi-Zenith Satellite System

RRM
Radio Resource Management

SBAS
Space Based Augmentation System

SET
SUPL Enabled Terminal

SLP
SUPL Location Platform

SUPL
Secure User Plane Location

TADV
Timing Advance

UE
User Equipment
UTDOA
Uplink Time Difference of Arrival
WAAS
Wide Area Augmentation System

WGS-84
World Geodetic System 1984

4.3
Standard UE Positioning Methods

The standard positioning methods supported for E-UTRAN access are:

-
network-assisted GNSS methods;

-
downlink positioning;
-
enhanced cell ID method;

-
uplink positioning.
Hybrid positioning using multiple methods from the list of positioning methods above is also supported.

These positioning methods may be supported in UE-based, UE-assisted/E-SMLC-based, eNB-assisted, and LMU-assisted/E-SMLC-based versions.  Table 4.3-1 indicates which of these versions are supported in this version of the specification for the standardised positioning methods.

Table 4.3‑1: Supported versions of UE positioning methods

	Method
	UE-based
	UE-assisted, E-SMLC-based
	eNB- assisted
	LMU-assisted/ E-SMLC-based
	SUPL

	A-GNSS
	Yes
	Yes
	No
	No
	Yes (UE-based and UE-assisted

	Downlink
	No
	Yes
	No
	No
	Yes (UE-assisted)

	E-CID
	No
	Yes
	Yes
	No
	Yes (UE-assisted)

	Uplink
	No
	No
	No
	Yes
	No


4.3.X
Uplink positioning
The uplink (e.g., UTDOA) positioning method makes use of the measured timing at multiple LMUs of uplink signals transmitted from UE. The LMU measures the timing of the received signals using assistance data received from the positioning server, and the resulting measurements are used to estimate the location of the UE. 

The operation of the Uplink positioning method is described in clause 8.X.

5
E-UTRAN UE Positioning Architecture

Figure 5-1 shows the architecture in EPS applicable to positioning of a UE with E-UTRAN access. 

The MME receives a request for some location service associated with a particular target UE from another entity (e.g., GMLC, eNB, or UE) or the MME itself decides to initiate some location service on behalf of a particular target UE (e.g., for an IMS emergency call from the UE) as described in [2]. The MME then sends a location services request to an E-SMLC. The E-SMLC processes the location services request which may include transferring assistance data to the target UE to assist with UE-based and/or UE-assisted positioning and/or may include positioning of the target UE. For the Uplink method, the E-SMLC processes the location services request which includes transferring configuration data to the selected LMU(s). The E-SMLC then returns the result of the location service back to the MME (e.g., a position estimate for the UE and/or an indication of any assistance data transferred to the UE). In the case of a location service requested by an entity other than the MME (e.g., UE, eNB, or E-SMLC), the MME returns the location service result to this entity.

The SLP is the SUPL entity responsible for positioning over the user plane.  Further details of the relationship of the user-plane positioning entities to the E-UTRAN control-plane positioning architecture are described in Annex B.
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Figure 5-1: UE Positioning Architecture applicable to E-UTRAN
5.1
UE Positioning Operations

To support positioning of a target UE and delivery of location assistance data to a UE with E-UTRAN access in EPS, location related functions are distributed as shown in the architecture in Figure 5-1 and as clarified in greater detail in TS 23.271 [2]. The overall sequence of events applicable to the UE, E-UTRAN and E-SMLC for any location service is shown in Figure 5.1-1.

Note that when the MME receives Location Service Request in case of the UE is in ECM-IDLE state, the MME performs a network triggered service request as defined in TS 23.401 [19] in order to establish a signalling connection with the UE and assign a specific eNodeB. The UE is assumed to be in connected mode before the beginning of the flow shown in the Figure 5.1-1; that is, any signalling that might be required to bring the UE to connected mode prior to step 1a is not shown.
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Figure 5.1-1: Location Service Support by E-UTRAN

1a.
Either: the UE requests some location service (e.g. positioning or delivery of assistance data) to the serving MME at the NAS level. 

1b.
Or: some entity in the EPC (e.g. GMLC) requests some location service (e.g. positioning) for a target UE to the serving MME .

1c.
Or: the serving MME for a target UE determines the need for some location service (e.g. to locate the UE for an emergency call).

2.
The MME transfers the location service request to an E-SMLC.

3a.
The E-SMLC instigates location procedures with the serving eNode B for the UE – e.g. to obtain positioning measurements or assistance data
3b.
In addition to step 3a or instead of step 3a, for downlink positioning the E-SMLC instigates location procedures with the UE – e.g. to obtain a location estimate or positioning measurements or to transfer location assistance data to the UE.

3c. For uplink positioning (e.g., UTDOA), in addition to performing step 3a, the E-SMLC instigates location procedures with multiple LMUs for the target UE – e.g. to obtain positioning measurements.
4.
The E-SMLC provides a location service response to the MME and includes any needed results – e.g. success or failure indication and, if requested and obtained, a location estimate for the UE.

5a.
If step 1a was performed, the MME returns a location service response to the UE and includes any needed results – e.g. a location estimate for the UE.

5b.
If step 1b was performed, the MME returns a location service response to the EPC entity in step 1b and includes any needed results – e.g. a location estimate for the UE.

5c.
If step 1c occurred, the MME uses the location service response received in step 4 to assist the service that triggered this in step 1c (e.g. may provide a location estimate associated with an emergency call to a GMLC).

Location procedures applicable to E-UTRAN occur in steps 3a, 3b, and 3c in Figure 5.1-2 and are defined in greater detail in this specification. Steps 1a and 5a are also applicable to E-UTRAN support because of a capability to tunnel signalling applicable to steps 3a and 3b. Other steps in Figure 5.1-2 are applicable only to the EPC and are described in greater detail and in TS 23.271 [2].

Steps 3a and 3b can involve the use of different position methods to obtain location related measurements for a target UE and from these compute a location estimate and possibly additional information like velocity. Positioning methods supported in this release are summarized in clause 4.3 and described in detail in clause 8.

When the eNode B functions as an LCS client, it delivers the Location Service Request to the E-SMLC via the MME, as shown in Figure 5.1-2.

Editor’s Note: The details of this procedure are FFS pending confirmation from SA2.
5.2
E-UTRAN Positioning Operations

Separately from location service support for particular UEs, an E-SMLC may interact with elements in the E-UTRAN in order to obtain measurement information to help assist one or more position methods for all UEs.

Editor's Note: The details of the related procedures and signalling interactions will need to await RAN1 completion of downlink and possibly uplink position method evaluation and definition.

5.2.1
Downlink Position Method Support (FFS)

An E-SMLC can interact with any eNodeB reachable from any of the MMEs with signaling access to the E-SMLC in order to obtain location related information to support the downlink position method. Location related information may be obtained either once on demand or on a repeated and triggered basis. The information can include timing information for the eNodeB in relation to either absolute GNSS time or timing of other eNodeBs and information about the supported cells including PRS schedule.

Signalling access between the E-SMLC and eNodeB is via any MME with signalling access to both the E-SMLC and eNodeB.
5.2.X
Uplink Position Method Support

An E-SMLC can interact with the Serving eNodeB for the UE in order to retrieve target UE configuration information to support the uplink positioning method.  The configuration information may include information required by the LMUs in order to obtain uplink time measurements; see clause 8.X.2. The E-SMLC can indicate to the serving eNodeB the need to direct the UE to transmit SRS signals (up to the maximum SRS bandwidth applicable for the carrier frequency) for uplink positioning. If the requested resources are not available, the eNB may assign other resources (or no resources e.g. if none are available) and report the resource allocation to the E-SMLC.

The E-SMLC can also request multiple LMUs to perform uplink time measurements and report the results.
5.3
Functional Description of Elements Related to UE Positioning in E-UTRAN

5.3.1
User Equipment (UE)

The UE may transmit the needed signals for uplink-based UE Positioning measurements and may make measurements of downlink signals from E-UTRAN and other sources such as different GNSS systems. The measurements to be made will be determined by the chosen positioning method.

The UE may also contain LCS applications, or access an LCS application either through communication with a network accessed by the UE or through another application residing in the UE. This LCS application may include the needed measurement and calculation functions to determine the UE's position with or without network assistance. This is outside of the scope of this specification.

The UE may also, for example, contain an independent positioning function (e.g., GPS) and thus be able to report its position, independent of the E-UTRAN transmissions. The UE with an independent positioning function may also make use of assistance information obtained from the network.

5.3.2
eNode B

The eNode B is a network element of E-UTRAN that may provide measurement results for position estimation and makes measurements of radio signals for a target UE and communicates these measurements to an E-SMLC.

The eNode B may make its measurements in response to requests (e.g., from the E-SMLC), or it may autonomously measure and report regularly or when there are significant changes in radio conditions (e.g., changes in the E-UTRAN GPS timing of cell frames).
The eNodeB may configure the target UE to transmit periodic SRS with multiple transmissions (see 5.2.X) during uplink positioning.
Editor’s Note: Autonomous measurement and periodic measurement reporting by eNode B is FFS

5.3.3
Evolved Serving Mobile Location Centre (E-SMLC)

The E-SMLC manages the support of different location services for target UEs, including positioning of UEs and delivery of assistance data to UEs. The E-SMLC may interact with the serving eNode B for a target UE in order to obtain position measurements for the UE, including uplink measurements made by the eNode B and downlink measurements made by the UE that were provided to the eNode B as part of other functions such as for support of handover. The E-SMLC may also interact with the serving eNodeB to indicate to the serving eNodeB the need to direct the UE to transmit SRS (see 5.2.X) signals to enable the uplink positioning method and to acquire the target UE configuration data needed by the LMUs to calculate the timing of these signals. 

The E-SMLC will select a set of LMUs to be used for the UTDOA positioning.  The E-SMLC interacts with the selected LMUs to request timing meaurements.
The E-SMLC may interact with a target UE in order to deliver assistance data if requested for a particular location service, or to obtain a location estimate if that was requested. 

For positioning of a target UE, the E-SMLC decides on the position methods to be used, based on factors that may include the LCS Client type, the required QoS, UE positioning capabilities, and eNode B positioning capabilities. The E-SMLC then invokes these positioning methods in the UE and/or serving eNode B. The positioning methods may yield a location estimate for UE-based position methods and/or positioning measurements for UE-assisted and network-based position methods. The E-SMLC may combine all the received results and determine a single location estimate for the target UE (hybrid positioning). Additional information like accuracy of the location estimate and velocity may also be determined.

5.3.4
Location Measurement Unit (LMU)

The Location Measurement Unit (LMU) makes measurements and communicates these measurements to an E-SMLC. All positioning measurements obtained by an LMU are supplied to the E-SMLC that made the request. 

A UE Positioning request may involve measurements by multiple LMUs. 

6
Signalling protocols and interfaces

6.1
Network interfaces supporting positioning operations

6.1.1
General LCS control plane architecture

The general LCS control plane architecture in the EPS applicable to a target UE with E-UTRAN access is defined in [2].

6.1.2
LTE-Uu interface

The LTE-Uu interface, connecting the UE to the eNode B over the air, is used as one of several transport links for the LTE Positioning Protocol.

6.1.3
S1-MME interface

The S1-MME interface between the eNode B and the MME is transparent to all UE-positioning-related procedures.  It is involved in these procedures only as a transport link for the LTE Positioning Protocol.

For eNode B related positioning procedures, the S1-MME interface transparently transports both positioning requests from the E-SMLC to the eNode B and positioning results from the eNode B to the E-SMLC.

6.1.4
SLs interface

The SLs interface, between the E-SMLC and the MME, is transparent to all UE related and eNode B related positioning procedures.  It is then used only as a transport link for the LTE Positioning Protocols LPP and LPPa.

The SLs interface supports location sessions instigated by the MME as defined in [2]. LPP and LPPa transport are then supported as part of any location session.
6.1.X
SLm interface 

The SLm interface between the E-SMLC and an LMU is used for uplink positioning. It is used to transport SLmAP protocol messages over the E-SMLC-LMU interface.
Network sharing should be supported. (Details FFS).
6.3
eNB-terminated protocols

6.3.1
LTE Positioning Protocol Annex (LPPa)

The LTE Positioning Protocol Annex (LPPa) carries information between the eNode B and the E-SMLC. It is used to support the following positioning functions:

· E-CID cases where assistance data or measurements are transferred from the eNode B to the E-SMLC

· data collection from eNodeBs for support of downlink OTDOA positioning
· retrieval of UE configuration data from the eNodeBs for support of uplink (e.g., UTDOA) positioning
The LPPa protocol is transparent to the MME. The MME routes the LPPa PDUs transparently based on a short Routing ID corresponding to the involved E-SMLC node over S1 interface without knowledge of the involved LPPa transaction. It carries the LPPa PDUs over S1 interface either in UE associated mode or non-UE associated mode.

6.3.2
S1 Application Protocol (S1-AP)

The S1-AP protocol, terminated between the MME and the eNode B, is used as transport for LPP and LPPa messages over the S1-MME interface. The S1-AP protocol is also used to instigate and terminate eNode B related positioning procedures. 

6.X
LMU-terminated protocols

6.X.1
SLm Application Protocol (SLmAP)
The SLmAP protocol, terminated between the E-SMLC and the LMU is used to support the following functions:

- delivery of target UE configuration data from the E-SMLC to the LMU

- request positioning measurements from the LMU and delivery of positioning measurements to the E-SMLC.
The SLmAP protocol is directly between the E-SMLC and the LMU.
6.Y
Signalling between an E-SMLC and LMU

6.Y.1
Protocol Layering 

Figure 6.Y.1-1 shows the protocol layering used to support transfer of SLmAP messages between an E-SMLC and LMU.
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Figure 6.Y.1-1: Protocol Layering for direct E-SMLC to LMU Signalling
7
General E-UTRAN UE Positioning procedures

7.X
General SLmAP Procedures for UE Positioning 

7.X.1
SLmAP Procedures

SLmAP includes positioning procedures, such as:

· -
Measurement request

7.X.1.1
Measurement request

The measurement request procedure is used by the E-SMLC to obtain timing measurement for a particular target UE from an LMU.
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Figure 7.X.1-1: Measurement request

1.  The E-SMLC sends a measurement request to the LMU. The measurement request identifies the UE to be positioned and contains the assistance data (including SRS signal characteristics) needed to obtain the measurements.

2.
In response to step 1, the LMU transfers measurements to the E-SMLC

7.Y
Service Layer Support using combined SLmAP and LPPa Procedures
7.Y.1
NI-LR and MT-LR Service Support
Figure 7.Y.1-1 shows the sequence of operations for an NI-LR and MT-LR, starting at the point where the MME initiates the service in the E-SMLC. 
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Figure 7.Y.1-1: UE Positioning Operations to support NI-LR or MT-LR

1.
The MME sends a location request to the E-SMLC for a target UE and may include associated QoS.

2.
The E-SMLC obtains target UE configuration information from the serving eNode B. 

3.
If the E-SMLC needs measurement results for the UE from multiple LMUs, the E-SMLC instigates SLmAP procedures to each LMU. 

4.
The E-SMLC returns a location response to the MME with any location estimate obtained as a result of steps 2 and 3.

7.Y.2
MO-LR Service Support

Figure 7.Y.2-1 shows the sequence of operations for an MO-LR service, starting at the point where an LCS Client in the UE or the user has requested some location service (e.g., retrieval of the UE's location or transfer of the UE's location to a third party).
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Figure 7.Y.2-1: UE Positioning Operations to support an MO-LR

1.
The UE sends a NAS level MO-LR request to the MME. 

2.
The MME sends a location request to the E-SMLC.

3.
The E-SMLC obtains target UE configuration information from the serving eNode B.
4.
If the E-SMLC needs measurement results for the UE from multiple LMUs, the E-SMLC instigates SLmAP procedures to each LMU. 

5.
The E-SMLC returns a location response to the MME with any location estimate obtained as a result of steps 2 and 3.

6.
If the UE requested location transfer to a third party LCS Client, the MME transfers the location received from the E-SMLC in step 5 to the third party as defined in [2].

7.
The MME sends a NAS level MO-LR response to the UE carrying any location estimate. 
8
Positioning methods and Supporting Procedures

8.X
Uplink positioning method
8.X.1
General
In the uplink positioning method, the UE position is estimated based on timing measurements of uplink radio signals taken at different LMUs , along with knowledge of the geographical coordinates of the LMUs. The time required for a signal transmitted by a UE to reach a LMU is proportional to the length of the transmission path between the UE and the LMU.  A set of LMUs is tasked to sample the UE signal at the same time.  

The specific of any uplink positioning methods or techniques used to estimate the UE’s location from these measurements are beyond the scope of this specification.
In order to obtain uplink measurements, the LMUs need to know the characteristics of the SRS signal transmitted by the UE for the time period required to calculate uplink measurement.  These characteristics should be static over the periodic transmission of SRS during the uplink measurements. Hence, the E-SMLC will indicate to the serving eNodeB the need to direct the UE to transmit SRS (see 5.2.X) signals for uplink positioning. It is up to the eNodeB to make the final decision on resources to be assigned and to communicate this configuration information back to the E-SMLC so that E-SMLC can configure the LMUs. The eNB may decide (e.g., in case no resources are available) to configure no resources for the UE and report the empty resource configuration to the E-SMLC.

8.X.2
Transferred information

This subclause defines the information that may be transferred between E-SMLC and eNodeB/LMU.
UTDOA measurements are performed on Sounding Reference Signals (SRS), configured as periodic SRS involving multiple SRS transmissions.
NOTE: The tables in sections 8.X.2.1, 8.X.2.2, and 8.X.2.3 will be updated if needed.
8.X.2.1
Configuration Data that may be transferred from the eNodeB to the E-SMLC
The following configuration data may be transferred from the eNodeB to the E-SMLC: 
	Parameter Category
	Parameters

	General
	C-RNTI

PCI (of PCell)
UL-EARFCN (of PCell)

Timing advance measurement for the UE in PCell [36.214] Note 1
Serving eNB eCGI (FFS)

	SRS
	For the PCell in which SRS is configured:
- UL cyclic prefix

- UL system bandwidth of the cell
- Cell-specific SRS bandwidth configuration srs-BandwidthConfig [36.211]

- UE-specific SRS bandwidth configuration srs-Bandwidth [36.211]

- number of antenna ports for SRS transmission srs-AntennaPort [36.211]

- frequency domain position [36.211]

- SRS frequency hopping bandwidth configuration [36.211]

- SRS-Cyclic shift [36.211]

- Transmission comb [36.211]

- SRS configuration index [36.213]
- MaxUpPt, used for TDD only [36.211]

- Group-hopping-enabled [36.211]

- deltaSS, parameter 
[image: image9.wmf]ss
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  [36.211, 5.5.1.3], included when SRS sequence hopping is used [36.211, 5.5.1.4] and not included otherwise

	Note 1: Used for search window calculation


8.X.2.2
Configuration Data that may be transferred from the E-SMLC to LMU
The following configuration data may be transferred from the E-SMLC to LMU:
	Parameter Category
	Parameters

	General
	C-RNTI

PCI (of Pcell)

UL-EARFCN (of Pcell)

Search window parameters Note 1:

· expected propagation delay, T, corresponding to distance between LMU and PCell, 

delay uncertainty ∆

	SRS
	For the PCell in which SRS is configured and to be measured by LMU
- UL cyclic prefix

- UL system bandwidth of the cell

- Cell-specific SRS bandwidth configuration srs-BandwidthConfig [36.211]

- UE-specific SRS bandwidth configuration srs-Bandwidth [36.211]

- number of antenna ports for SRS transmission srs-AntennaPort [36.211]

- frequency domain position [36.211]

- SRS frequency hopping bandwidth configuration [36.211]

- SRS-Cyclic shift [36.211]

- Transmission comb [36.211]

- SRS configuration index [36.213]
- MaxUpPt, used for TDD only [36.211]

- Group-hopping-enabled [36.211] 

- deltaSS, parameter 
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 [36.211, 5.5.1.3], included when SRS sequence hopping is used [36.211, 5.5.1.4] and not included otherwise

	Note 1: Search window is calculated by the LMU as [T-∆,T+∆], where ∆ may be e.g. the timing advance measurement provided by eNodeB


8.X.2.3
Location Information that may be transferred from the LMU to E-SMLC

The information that may be transferred from LMU to the E-SMLC is listed in Table 8.X.2.3-1. The individual measurments will be defined in [20]
Table 8.X.2.3-1: Information that may be transferred from LMU to the E-SMLC
	Information 
	Measurements

	Uplink  Measurement Results List for EUTRA
	UL Relative Time of Arrival 

	
	Physical cell IDs


8.X.3
Uplink Positioning Procedures

The procedures described in this subclause support the uplink positioning method.
8.X.3.1
Uplink Information Request and Delivery Procedure

The Information Request procedure for Uplink positioning is used by the E-SMLC to obtain measurement results from the LMU which it uses to calculate a position for the UE. To do this, it needs to first indicate to the serving eNB the need to configure the UE to transmit SRS (see 5.2.X) signals and retrieve target UE configuration data from the eNodeB. 
Figure 8.X.3.1-1 shows the messaging between the E-SMLC, the LMU and the serving eNodeB to perform this procedure.
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Figure 8.X.3.1-1: Uplink information request procedure
1.
The E-SMLC sends an Information Request message indicating to the eNodeB the need to invoke periodic SRS (see 5.2.X) for target UE.  

FFS: RAN4 is discussing whether the message will also indicate the number of SRS transmissions required (FFS if this number of transmissions or absolute time). 

2. The eNodeB determines the resources to be allocated for the UE and sends an Information Response to the E-SMLC that includes the allocated resources and the associated parameters. The eNB may decide (e.g., in case no resources are available) to configure no resources for the UE and report the empty resource configuration to the E-SMLC.

3. If in step 2 the eNodeB determines that resources will be allocated, the eNodeB then allocates the resources to the target UE.
4. The E-SMLC selects a set of LMUs to be used for the UTDOA positioning and sends a measurement request with the SRS configuration to each one of them (via SLm). 

5. LMUs report back to E-SMLC the uplink measurement reports.
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4. SLmAP Procedure(s)
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3b. UE Procedures
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