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1. Introduction
This contribution proposes a solution to KI#4 for spatial mapping, and specifically addresses open issue #1:
1)	How to produce or modify a spatial map by the consumer (e.g. UE, VAL server)?
2. Reason for Change
KI#4 refers to the following SA1 requirement from 3GPP TS 22.156 v19.1.0:
[R-5.2.1-003] Subject to operator policy, regulatory requirements and user consent, the 5G system shall provide a means for a UE to provide sensor data (e.g., from UE sensors, cameras, etc.) to the network in order to derive localization information, e.g., to produce or modify a spatial map or discover or find spatial anchors. The 5G system shall enable an authorized third party to obtain all the spatial anchors in a given three dimensional area.
To maintain (e.g., produce or modify) spatial maps, it is required that the spatial map maintainer (e.g., owner) is capable of discovering UEs that consent and are capable of providing the spatial mapping information needed to maintain the spatial map.
This solution describes procedures to allow authorized spatial mapping services to discover UEs that consent and are capable of providing the spatial mapping information.
3. Conclusions
NA
4. Proposal
It is proposed to agree the following changes to 3GPP TR 23.700-21 v1.0.0.


* * * First Change * * * *
[bookmark: _Toc167796042][bookmark: _Toc164594161][bookmark: _Toc164595370]7.0	Mapping of solutions to key issues
Table 7.0-1: Mapping of solutions to key issues
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* * * Next Change * * * *
[bookmark: _Toc160736028]7.x	Solution #x: Discovery of UEs consenting and capable of providing spatial mapping information
[bookmark: _Toc160736029]7.x.1	Solution description
[bookmark: _Toc160736030]7.x.1.1	General
This solution is for KI#4 and addresses the open issue of how to enable UE(s) to provide spatial mapping information for maintaining a spatial map. 
This solution is presented based on the Mobile Metaverse enablement layer architecture described in clause 6.1 (e.g., option #1); the solution is also applicable if introducing a new SEAL service or reusing an existing SEAL service as described in clause 6.3 (e.g., option #3).
In this solution, mobile metaverse enablement provides capabilities to register, discover, and request measurements from UE that consent and are capable of providing spatial mapping information. The UEs may be discovered based on location of interest and spatial mapping capabilities.
[bookmark: _Toc160736031]7.x.1.2	Registering a spatial mapping information provider
This procedure allows a consenting VAL client (e.g., UE) that can provide spatial mapping information to register as a provider of spatial mapping information to be discoverable by authorized consumers.
NOTE:	In this solution, the spatial mapping information provider is consenting since the provider initiates the registration. A non-consenting spatial mapping information provider should not register to provide spatial mapping information.


Figure 7.x.1.2-1: Spatial mapping information provider registration
1.	A VAL client on a UE sends a spatial mapping information provider registration request to the MMEC. The request includes a VAL client identifier, spatial information details (e.g., identifier, type (e.g., LiDAR camera, RGB-D camera, high-resolution cameras, etc.), position (e.g., geographic position, localization), state (e.g., availability), accuracy, and QoS requirements (e.g., minimum bandwidth)).
2.	The MMEC sends a spatial mapping information provider registration request to the MMES. The request includes the information received from the VAL client. Additionally, the request includes a UE identifier, UE state information such as power level and connection quality.
3.	Upon receiving the request, the MMES authorizes the registration request and stores the spatial mapping information provider details and UE information.
The MMES may also obtain location information from the 5GC about the UE by invoking the 3GPP Core Network Location Services exposed by the NEF as described in TS 23.273 [7] and TS 23.502 [9], or by invoking the SEAL Location Management APIs as described in TS 23.434 [8].
4.	The MMES sends a spatial mapping information provider registration response to the MMEC indicating success or failure to register the spatial mapping information provider, including a failure reason if needed.
5.	The MMEC sends a spatial mapping information provider registration response to the VAL client indicating success or failure to register the spatial mapping information provider. In the failure case, the reason for failure is included.
7.x.1.3	Discovering and triggering a spatial mapping information provider
[bookmark: _Hlk166452026]This procedure allows a spatial mapping service to discover and trigger a consenting spatial mapping information provider for spatial mapping information.
Pre-conditions:
1)	Spatial mapping information providers have registered with the MMES.

 
Figure 7.x.1.3-1: Spatial mapping information provider discovery and information procedure
1.	A spatial mapping service requires spatial mapping information in a specific location to create or update a spatial map.
2.	The spatial mapping service sends a spatial mapping information provider discovery request to the MMES to discover available providers. The request includes discovery filters such as the location area of interest and requirements on spatial mapping information. The spatial mapping information requirements may include type (e.g., LiDAR camera, RGB-D camera, high-resolution cameras, etc.), accuracy, and reporting (e.g., one-time measurement, periodic measurements, continuous stream, etc.).
3.	Upon receiving the request, the MMES authorizes the discovery request and determines a list of available spatial mapping information providers based the provided discovery filters and the registered spatial mapping information providers. Additionally, the MMES may obtain UE location information for the determined providers. The MMES may obtain location information by invoking the 3GPP Core Network Location Services exposed by the NEF as described in TS 23.273 [7] and TS 23.502 [9], or by invoking the SEAL Location Management APIs as described in TS 23.434 [8].
4. 	The MMES sends a spatial mapping information provider discovery response to the spatial mapping service. The response includes a list of determined spatial mapping information providers.
5.	The spatial mapping service selects spatial mapping information provider(s).
6.	The spatial mapping service sends a spatial mapping information request to the MMES. The request includes identifier(s) for the selected spatial mapping information provider(s), details on spatial mapping information reporting, and endpoint information for sending the spatial mapping information.
7. 	The MMES authorizes the spatial mapping information request, and may interact with NEF (e.g., using the NEF procedures for the AFsessionWithQoS described in clause 5.2.6.9 of 3GPP TS 23.502 [9]) to set QoS for the selected spatial mapping information flows.
8. 	The MMES sends a spatial mapping information notification to the selected spatial mapping information provider(s) (i.e., via the MMEC). The notification includes details on spatial mapping information reporting (e.g., which spatial mapping information is needed, desired reporting frequency, etc.) and endpoint information for sending the spatial mapping information.
NOTE 1:	Registering as a spatial mapping information provider with the MMES as described in clause 7.x.1.2 subscribes the MMEC to receive spatial mapping information notification.
9.	The MMEC sends a spatial mapping information notification to the VAL client with spatial mapping information. The notification includes details on spatial mapping information reporting (e.g., which spatial mapping information is needed, desired reporting frequency, etc.) and endpoint information for sending the spatial mapping information.
10.	The MMES sends a spatial mapping information triggering response to the spatial mapping service indicating success or failure. If the notification in step 8 has been successfully sent, the response indicates success. In the failure case, a reason for failure is included, and the spatial mapping service may retry with different providers as in step 5.
11.	The VAL client initiates connectivity with the spatial mapping service, using the received endpoint information and sends spatial mapping information as indicated in the notification.
NOTE 2:	The notification may indicate to start or stop sending spatial mapping information, or may indicate a stop criterion, for example a location change, a period, a number of iterations, etc.
[bookmark: _Toc160736032]7.x.2	Architecture Impacts
Option #1 in clause 6.1 and option #3 in clause 6.3 can be used to realize this solution.
[bookmark: _Toc160736033]7.x.3	Corresponding APIs
[bookmark: _Toc167796069][bookmark: _Toc160736034]7.x.3.1	Overview
This clause provides a summary of the corresponding APIs for solution #x.
-	Spatial mapping information provider registration API (request / response model; API provider: MMES; known consumers: MMEC; corresponding to step 2 and 4 of clause 7.x.1.2).
-	Spatial mapping information provider registration API (request / response model; API provider: MMEC; known consumer: VAL client; corresponding to step 1 and 5 of clause 7.x.1.2).
-	Spatial mapping information provider discovery API (request / response model; API provider: MMES; known consumer: MMES, VAL server; corresponding to step 2 and 4 of clause 7.x.1.3).
-	Spatial mapping information API (request / response model; API provider: MMES; known consumer: MMES, VAL server; corresponding to step 6 and 10 of clause 7.x.1.3).
-	Spatial mapping information API (subscribe / notify model; API provider: MMES; known consumer: MMEC; corresponding to step 8 of clause 7.x.1.3).
[bookmark: _Toc167796070]7.x.3.2	Information flows
Table 7.x.3.2-1 shows the request sent by a MMEC to a MMES for registering a spatial mapping information provider.
Table 7.x.3.2-1: Spatial mapping information provider registration request
	Information element
	Status
	Description

	Requestor identity
	M
	The identity of the requestor (e.g., MMEC, UE identifier)

	Requestor security credentials
	M
	The security credentials of the requestor.

	VAL client identifier
	M
	The identity of the VAL client.

	Notification endpoint
	M
	The endpoint to notify that spatial mapping information is needed.

	Spatial mapping information details
	M
	The Spatial Mapping Information (SMI) details. Each element includes the information described below.

	> SMI identifier
	M
	The identifier of spatial mapping information.

	> SMI type
	M
	The type of spatial mapping information (e.g., LiDAR camera, RGB-D camera, high-resolution cameras, etc.).

	> SMI position
	O
	The position of spatial mapping information (e.g., geographic position, localization).

	> SMI area coverage
	O
	The spatial area coverage of spatial mapping information.

	> SMI location
	O
	The location of spatial mapping information.

	> SMI state
	O
	The state of spatial mapping information (e.g., availability).

	> SMI accuracy
	O
	The accuracy of spatial mapping information.

	> SMI format
	O
	The format of a spatial mapping information (e.g., raw, processed, etc.)

	> SMI QoS requirements
	O
	The QoS requirements of spatial mapping information.

	> SMI update time
	O
	The time when the spatial mapping information is updated. 

	> SMI update frequency
	O
	The frequency at which a spatial mapping information is updated.



Table 7.x.3.2-2 shows the response sent by a MMES to a MMEC for registering a spatial mapping information provider.
Table 7.x.3.2-2: Spatial mapping information provider registration response
	Information element
	Status
	Description

	Status
	M
	The status for the request (e.g., success or fail), including failure reason if needed.

	Registration identifier
	O
	Indicates the registration identifier is successful

	Failure cause
	O
	Indicates reason for the failure



Table 7.x.3.2-3 shows the request sent by a spatial mapping service to a MMES for discovering a spatial mapping information provider(s).
Table 7.x.3.2-3: Spatial mapping information provider discovery request
	Information element
	Status
	Description

	Requestor identity
	M
	The identity of the requestor (e.g., MMES, VAL server)

	Requestor security credentials
	M
	The security credentials of the requestor.

	Spatial mapping information provider discovery filters
	M
	Set of characteristics to determine spatial mapping information provider(s). The discovery filters are aligned with the information described in “Spatial mapping information details” described in table 7.x.3.2-1.



Table 7.x.3.2-4 shows the response sent by a MMES when discovering a spatial mapping information provider.
Table 7.x.3.2-4: Spatial mapping information provider discovery response
	Information element
	Status
	Description

	Status
	M
	The status for the request (e.g., success or fail), including failure reason if needed.

	Spatial mapping information provider list
	O
	The list of spatial mapping information providers determined based on the discovery filters. Each element includes information as described in “Spatial mapping information details” described in table 7.x.3.2-1.

	Failure cause
	O
	Indicates reason for the failure



Table 7.x.3.2-5 shows the request sent by a spatial mapping service to a MMES for requesting spatial mapping information from a provider.
Table 7.x.3.2-5: Spatial mapping information request
	Information element
	Status
	Description

	Requestor identity
	M
	The identity of the requestor (e.g., MMES, VAL server)

	Requestor security credentials
	M
	The security credentials of the requestor.

	Spatial mapping information provider identifier
	M
	The identifier of the spatial mapping information provider (e.g., UE identifier, VAL client identifier).

	Spatial mapping information reporting details
	M
	Set of characteristics used for spatial mapping information reporting.

	> SMI identifier
	M
	The identifier of spatial mapping information.

	> SMI reporting duration
	O
	The duration for which the spatial mapping information is required. 

	> SMI reporting frequency
	O
	The frequency at which a spatial mapping information is required.

	> SMI reporting endpoint
	M
	The endpoint where to report the spatial mapping information.



Table 7.x.3.2-6 shows the response sent by a MMES to a spatial mapping service following a spatial mapping information request.
Table 7.x.3.2-6: Spatial mapping information response
	Information element
	Status
	Description

	Status
	M
	The status for the request (e.g., success or fail), including failure reason if needed.

	Failure cause
	O
	Indicates reason for the failure



Table 7.x.3.2-7 shows the notification sent by a MMES to a MMEC for requesting spatial mapping information from a provider.
Table 7.x.3.2-7: Spatial mapping information notification
	Information element
	Status
	Description

	Requestor identity
	M
	The identity of the requestor (e.g., MMES, VAL server)

	Requestor security credentials
	M
	The security credentials of the requestor.

	Spatial mapping information provider identifier
	M
	The identifier of the spatial mapping information provider (e.g., UE identifier, VAL client identifier).

	Spatial mapping information reporting details
	M
	Set of characteristics used for spatial mapping information reporting.

	> SMI identifier
	M
	The identifier of spatial mapping information.

	> SMI reporting duration
	O
	The duration for which the spatial mapping information is required. 

	> SMI reporting frequency
	O
	The frequency at which a spatial mapping information is required.

	> SMI reporting endpoint
	M
	The endpoint where to report the spatial mapping information.



7.x.4	Solution evaluation
This solution is for KI#4 and addresses the open issue of how to enable UE(s) to provide spatial mapping information for maintaining a spatial map. 
This solution can be realized according to architectures described in clause 6.1 or clause 6.3. This solution proposes that the mobile metaverse service provides capabilities for registering spatial mapping information providers by a VAL client with the MMES and capabilities for requesting spatial mapping information from these providers to maintain spatial maps.
* * * End of Changes * * * *
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