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Abstract: This contribution proposes to update KPI table and relevant texts in the Clause 6.3 of TR 22.840 v1.1.0
1. Introduction
Referring to SA1#101, the KPI parameters of “Device density” and “Transfer interval” were identified for further study in Clause 6.3. After conducting a comprehensive study and field measurements, we have developed new KPIs for both “Device density” and “Transfer interval” and propose changes to TR 22.840 accordingly.

2. Reason for Change
The KPI parameters “Device density” and “Transfer interval” in Clause 6.3 were identified for further study in SA1#101. It is important to follow up on these parameters and provide concrete guidelines to enhance the usefulness of the traffic scenario in this Ambient IoT study. The proposed KPIs have been developed based on a comprehensive study and field measurements, which makes them more reliable and effective in reflecting real-world conditions. Therefore, these KPIs should be considered for inclusion in TR 22.840 to provide more accurate guidance for the Ambient IoT service providers.

3. Discussion and Conclusions

3.1 Device Density
Figure 1 illustrates a typical pharmacy section in a retail supermarket, comprising a 7-layer shelf measuring 1.45m in height. Within a width of 1m, the shelf accommodates approximately 130 electronic shelf labels, resulting in a device density of 90 devices per square meter.
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Fig. 1 pharmacy shelf at a retailing super market

3.2 Transfer Interval
In an electronic shelf label (ESL) system, product pricing and descriptions on the labels can be updated upon request, without applying a fixed transfer interval. However, the temperature and humidity conditions of the shelf or refrigerators are typically reported at predetermined intervals via sensors integrated into the ESL. These intervals are commonly determined in accordance with food safety guidelines that vary across regions and organizations. For example, the United States Department of Agriculture (USDA) recommends that food should not be left outside of refrigeration for more than two hours, and if the temperature exceeds 32°C, this time limit is reduced to one hour [1]. Meanwhile, the Australian Food and Grocery Council (AFGC) stipulates that chilled food should not be left outside of refrigeration for more than 20 minutes [2]. Based on these industry guidelines, we propose employing a transfer interval key performance indicator (KPI) of “20 minutes to 2 hours” for this particular traffic scenario. These transfer intervals can be provisioned into Ambient IoT devices or the management system by the Ambient IoT service providers or 5G operators.

4. Reference

[1] What is the “2 Hour Rule” with leaving food out, https://ask.usda.gov/s/article/What-is-the-2-Hour-Rule-with-leaving-food-out
[2] Cold chain guidelines, https://www.afgc.org.au/industry-resources/cold-chain-guidelines
5. Proposal
It is proposed to agree the following changes to 3GPP TR 22.840, v1.1.0.


* * * First Change * * * *
[bookmark: _Toc129058730]6.3.2	Assumptions
We assume a retailing giant starts to deploy 5G network to provide Ambient IoT communication service for ESL system in the store. The retail store, average 15,800 square meters, offer more than 100,000 different items. The ESL devices are installed on the 6-shelf racks with dimension of 1.8mx1.2mx0.5m. In addition to the Ambient IoT label, some items on the shelf are also attached with trackable tags. Averaging over effective display area in the store, it is estimated that the device density is less than 1.5 million/km2 . .  The estimated device density could be as high as 50 in certain area of the retail store where small items are stocked.It is also noted that in certain area of the retail store where small items are stocked as illustrated in Figure 6.3.2-1, the shelf could accommodate about 90 labels per square meter. In the other example illustrated in Figure 6.3.2.1-1, the device density of ESLs equipped with temperature and humidity sensor inside refrigerators is estimated to be less than 10 per 100 square meters. 
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Fig. 6.3.2-1: display shelfs in a retailing super market

In an electronic shelf label (ESL) system, product pricing and descriptions on the labels can be updated upon request, without applying a fixed transfer interval. However, the temperature and humidity conditions of the shelf or refrigerators are typically reported at predetermined intervals via sensors integrated into the ESL. These intervals are commonly determined in accordance with food safety guidelines that vary across regions and organizations. For example, the United States Department of Agriculture (USDA) recommends that food should not be left outside of refrigeration for more than two hours, and if the temperature exceeds 32°C, this time limit is reduced to one hour [y]. Meanwhile, the Australian Food and Grocery Council (AFGC) stipulates that chilled food should not be left outside of refrigeration for more than 20 minutes [y+1]. Based on these industry guidelines, we propose employing a transfer interval key performance indicator (KPI) of “20 minutes to 2 hours” for this particular traffic scenario. These transfer intervals can be provisioned into Ambient IoT devices or the management system by the Ambient IoT service providers or 5G operators.


In the other assumption, we assume the Ambient IoT system has a communication service availability of 99%. This implies there might be 1% Ambient IoT devices could not be reachable even after multiple retransmissions. For a retail store with 2,000 different items to update price tag, this means about 20 ESL price tags need to be updated with human intervention. This workload is acceptable for such a store.

[bookmark: _Toc129058731]6.3.3	Potential Key Performance Requirements
[PR.6.3.3-1] The 5G system shall be able to support Ambient IoT devices with the following KPIs

Table 6.3.3.1 – Potential key performance requirements for Electronic Shelf Label use case
	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

	Electronic Shelf Label 
	1s
	99%
	NA
	0.8kbps DL (note 1)
	100 Bytes (note 2)
	FFS less than 1.5 million/km2 (inventory), less than 10/100m2 (temperature sensor)
	50m indoors
	15,800 square meters
	stationary
	FFS 20 minutes to 2 hours [Note 3]
	NA
	NA
	NA 

	Note 1: the user experience data rate is estimated based on transmission of 100 Bytes within 1 second.
Note 2: the message payload size is calculated based on the capacity of 50 Unicode characters for item description and pricing on the electronic shelf label.
Note 3: These are the typical intervals where electronic shelf labels equipped with sensors report temperature and humidity conditions of the shelf or refrigerators in accordance with food safety guidelines that vary across regions and organizations.





* * * Next Change * * * *
[bookmark: _Toc129058500]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[y] What is the “2 Hour Rule” with leaving food out, https://ask.usda.gov/s/article/What-is-the-2-Hour-Rule-with-leaving-food-out
[y+1] Cold chain guidelines, https://www.afgc.org.au/industry-resources/cold-chain-guidelines

* * * End of Change * * * *
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