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Abstract: This contribution proposes to update description and pre-condition, remove editor’s note and update KPI table in the Clause 5.1.6 from TR22.840.
[bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc136619671]5.1	Use case on Ambient IoT on automated warehousing
[bookmark: _Toc354590101][bookmark: _Toc354586742][bookmark: _Toc355779204][bookmark: _Toc136619672]5.1.1	Description
The automated warehouse inventory scenario includes multiple stages, as shown in the figure below, which are divided into verification and unloading, gate-in inventory, inventory, gate-out inventory and check & loading. Along with the transfer, storage and inventory of goods, a large amount of warehousing information will be generated. This information generally has the characteristics of frequent data read operations and large data volumes. Tags Ambient IoT devices are attached to necessary areas items of different values and usage, such as pallet containers and individual product goods and shelves, and relevant communication equipment is deployed. Through the information interaction between communication equipment and tags, accurate and rapid inventory and efficient management of storage information can be realized in each stage.
. [image: ]

Figure 5.1.1-1: Automated warehouse inventory
[bookmark: _Toc136619673]5.1.2	Pre-conditions
The 5G network equipment used for inventory is deployed in the warehouse according to the needs of automated warehouse inventory scenario: 
 - Ambient IoT devices containing contain the assigned information, which can be read and written by the 5G network, get attached to different warehouse items products, such as pallet containers, storage racks, forklift and individual product;
-  The warehouse management platform is a trusted 3rd party and has subscribed the Ambient IoT services and could have interaction with the 5G network with necessary inventory information;

[bookmark: _Toc136619674]5.1.3	Service Flows
When some goods in one batch are delivered to a gate of the warehouse and are ready for the gate-in operation, the management platform selects a gate inventory mode.
There are two gate inventory modes supported by both the management platform and the 5G system.
· Manual-Triggered Mode: The inventory task is triggered by the command sent from the management platform, so the 5G system simply execute the command (e.g., start the inventory task). 
· Auto-Triggered Mode: The inventory management system set the gate inventory mode to “Auto-Triggered”, the 5G network send discovery signal periodically to discover Ambient IoT devices within the gate area; if at least one Ambient IoT device is discovered, then the 5G system start inventory task automatically.
The goods arrive near the door of the warehouse, 5G network will perform gate inventory procedure according to the trigger from the management platform.
1. Ambient IoT devices establish communication with the 5G network, and send their own identity and corresponding goods information to the 5G network. 
2. The 5G network sends the obtained information to the management platform;
3. The management platform generates a list of gate-in inventory results according to the inventory data and necessary information received from Ambient IoT devices by the continually inventory operation.
4.  When the goods are placed on shelves in the warehouse and have been stored for a certain period of time, the management platform starts the indoor inventory task periodically for double check of the goods (total goods or per different batch/group), and generates a list of tags to be inventoried, sends the list to the 5G network;
5. The 5G network receives the list and sends large-scale/specified inventory signals;
6.  The Ambient IoT device in the 5G network coverage establish communication with the network, and the 5G network interacts with the corresponding devices according to the inventory requirements to obtain goods information;
7. The 5G network sends the acquired goods information to the management platform;
8. The management platform summarizes the received information and generates a list of inventory results.
9. When the goods are ready for shipping and arrive the gate area, similar to gate-in operation, 5G network perform gate inventory procedure according to the platform's selection, interact with Ambient IoT devices and send the obtained information to the management platform.
10. The management platform generates a list of gate-out inventory results.

[bookmark: _Toc136619675]5.1.4	Post-conditions
With the support of 5G system, automated warehousing could be realized to improve the efficiency of goods management. If the inventory result list is consistent with the purchase/shipment list, the administrator can obtain the inventory result list, and update the inventory list in the management platform; If the result is inconsistent with the purchase or shipment order, the administrator would receive a notification/warning.

[bookmark: _Toc136619676]5.1.5	Existing features partly or fully covering the use case functionality
In previous releases, SA1 has finished several studies about IoT topic to introduce SA1 requirements in TS 22.011[9], TS 22.278[7], TS 22.368[6] and TS 22.261[8] to address requirement for IoT business about device lifetime, power consumption, data transmission and communication mechanism.


[bookmark: _Toc136619677]5.1.6	Potential New Requirements needed to support the use case
[P.R.5.1.6-001] The 5G system shall be able to support communication with Ambient IoT device which is battery-less or with limited energy storage (e.g., capacitor).
[P.R.5.1.6-002] The 5G system shall support to provide collected information from Ambient IoT devices to the trusted 3rd party.
[P.R.5.1.6-003] The 5G system shall support suitable security mechanisms for Ambient IoT devices, including encryption and data integrity.
[P.R.5.1.6-004] The 5G system shall be able to support the authentication and authorization mechanisms of Ambient_IoT devices.
[P.R.5.1.6-005] The 5G system shall be able to manage (e.g. provide service parameters, activate, deactivate) multiple Ambient IoT devices in bulk.
[P.R.5.1.6-006] The 5G system shall be able to provide Ambient IoT service with the following KPIs
Table 5.1.6-1: KPI Table of Ambient IoT for automated warehousing
	Scenario
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy

	Automated warehousing
	1s(note 3)
	99%
	NA
	<100/128bits/s (note 4)
	96/128 bits (note 1)
	 [NA]
	30m indoors
	NA
	5~10km/h
	NA
	NA
	NA
	2~3 m (note 2)

	Note 1:  Message size refers to the Ambient IoT device identifier used for goods identification in this use case;
Note 2: Three-dimensional positioning (both horizontal and vertical) is considered;
Note 3: End to end latency refers to the time taken for an Ambient IoT device to transmit the message;
Note 4: User-experienced data rate is calculated as the message size (96/128bits) transmitted within 1s time period;



Editor’s Note:	 The device density value in KPI table is FFS

* * * * Second change * * * *
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