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1. Introduction

In RAN#99 meeting, RAN design targets for Ambient IoT were discussed and the relevant agreement were captured in TR 38.848 [1]. In this contribution, we provide some further considerations on RAN design targets for Ambient IoT.

2. Discussion

2.1 Device power consumption
In previous meetings, some agreements for device power consumption have been captured in TR 38.848 [1]:
· For Device A, the power consumption target during transmitting/receiving is [≤ 1 μW] or [≤ 10 μW],

· For Device B, the target during transmitting/receiving is such that:

· Device A power consumption ≪ Device B power consumption < Device C power consumption; or 

· Device A power consumption ≤ Device B power consumption < Device C power consumption.

· The device power consumption for Device C is ≤ 1 mW to ≤ 10 mW.

Wherein, the power consumption target of Device A and B needs to be down-selected respectively.
Device A converts a part of the energy of incident RF signal into direct current to supply working energy and backscatters the incident continuous wave to deliver information. For Device A, new physical layer design based on backscatter communication will be studied by RAN1 with the intention to fulfill the performance requirements on coverage, data rate, latency, etc, which requires a certain amount of energy support. The relevant technology details need to be discussed in RAN1 and cannot be definitely determined at present. If the power consumption target of Device A is not larger than 1 μW, the ultra-low energy will restrict the subsequent technology research and hardware design. Moreover, since TR 38.848 specifies that the complexity target of Device A is to be comparable to UHF RFID ISO18000-6C (EPC C1G2) and the power consumption is generally several microwatts for passive RFID devices, a relatively loose range is more appropriate for setting power consumption target in RAN level study.  So we suggest that the power consumption target during transmitting/receiving is ≤ 10 μW for Device A.
Proposal 1a: For Device A, the power consumption target during transmitting/receiving is ≤ 10 µW.
Device B could be a semi-passive device. It can harvest RF energy to charge its energy storage module and further use the stored electrical energy for driving the hardware, but generally not for signal generation. At the Tx side of Device B, the information transmission is still achieved through backscattering an incident continuous wave. Device B has higher complexity and can utilize PA to amplify the backscattering signal based on its own energy storage. So Device B is expected to support larger coverage range and more connectivity topologies in deployment scenarios than Device A. Consequently, Device B would require a power consumption of hundred-µW level that is much larger than that required by Device A. therefore, we can choose this comparative relationship for different device types, Device A ≪ Device B < Device C, as RAN power consumption target. 
Proposal 1b: For Device B, the power consumption target during transmitting/receiving is that: Device A ≪ Device B < Device C.

2.2 Device complexity

For device complexity, from RAN perspective, we don’t think there is much to discuss. So we suggest to confirm the following working assumption captured in RAN#99:
· For Device A, the complexity target is to be comparable to UHF RFID ISO18000-6C (EPC C1G2).

· For Device B, the target is such that:

-
Device A complexity < Device B complexity < Device C complexity.

· For Device C, the complexity target is to be orders-of-magnitude lower than NB-IoT.

It’s generally expected that all three devices should use the unified design for protocol stack, for example, adopting the same protocol stack layers. Based on such design, Device A would have the lowest complexity compared to other devices, therefore the fairly simple physical layer design and higher layer function are preferred. Device B would add some performance enhancement based on Device A, for example, higher decode capability. Even Device C would add additional complexity for supporting independent signal generation, it’s still expected that Device C can be compatible with the capabilities of Device A/B and be able to switch to backscattering transmission in some cases, e.g. short distance and good channel environment, to reduce device power consumption.

Proposal 2: Confirm the working assumption on device complexity in TR 38.848.

2.3 User experienced data rate

For user experienced data rate, TR 38.848 has captured the following agreements and it seems consensus has not yet reached for the target of user experienced data rate in downlink:

The user experienced data rate target is, at least for the uplink, maximum not less than 5 kbps and minimum not less than 0.1 kbps.
Based on this target, the device data rate can be further evaluated in different use cases:

· For inventory use case, the main traffic is to report the electronic product code of device. As the data packets are usually small and also scheduled discontinuously in time domain, the low data rate of > 0.1 Kbps can be applied for this case. 
· For positioning use case, the main traffic is the transmission of electronic product code or positioning signal. Considering the possible larger data packet with up to 1000 bits and discontinuous scheduling in time domain, a medium data rate within 0.1 ~ 5 Kbps can be assumed for Ambient IoT devices in such use case. 
· Sensor use case requires the report of various status information. Since continuous packets may be scheduled, the device needs to support higher uplink traffic in this use case. Then, the user experienced data rate may exceed 5 Kbps for uplink. 
· Command use case may include read and write operations that respectively have higher uplink and downlink traffic requirements. So the user experienced data rate of greater than 5 Kbps is conceivable in this use case.

In a summary, at least for positioning use case and command use case, we see the necessity for setting the balanced RAN targets for uplink and downlink user experienced data rate. Therefore, for simplicity, we suggest that uplink and downlink should use the same user experienced data rate range, i.e., maximum not less than 5 kbps and minimum not less than 0.1 kbps.
Proposal 3: The user experienced data rate for both uplink and downlink is maximum not less than 5 kbps and minimum not less than 0.1 kbps. 
2.4 Maximum message size

According to the latest consolidation of Ambient IoT requirements in SA1 [2], the message size is 256 bits for inventory, less than 1000 bits for positioning and less than 800 bits for sensor and command. The maximum message size target defined by RAN should be not smaller than SA1 requirements. Hence 1000 bits can be considered for the maximum message size target defined by RAN.

Proposal 4: For the maximum message size, 1000 bits can be considered for RAN design target.
2.5 Latency

The applications of Ambient-IoT are generally non-delay sensitive services. In the latest consolidation of Ambient IoT requirements in SA1 [2], the maximum allowed end-to-end latency is given as following:

· Several seconds for inventory

· Less than 30 s for sensor

· 1 second for positioning

· Several seconds for command 
It can be seen that the latency of positioning is shortest. Meanwhile, positioning has the largest message size (1000 bits), as described in Clause 2.4. In other word, SA1 defines the largest message size and smallest latency for positioning among the four use cases. However, taking into account the large coverage scenarios, the re-attempts of random access procedure and/or re-transmission of packet data may be possible to occur. As a result, the actual transmission latency of message with 1000 bits could be greater than 1s during positioning. In other word, the maximum allowed end-to-end latency in SA1 cannot be satisfied in this case. Since for latency, now what we are considering is the maximum allowed end-to-end latency, e.g., an upper bound value, we suggest to apply a conservative value in order to ensure that the latency in any use cases can meet this target. So we recommend to use the same latency of less than 30 s as the RAN target for all use cases in Ambient IoT. Moreover, considering the expected traffic performance and user experience, it’s also encouraged to consider the second level latency requirement during the detailed technical discussion in future.
Proposal 5: For transmission latency, the maximum latency target is less than 30s for Ambient IoT. Moreover, the latency in seconds also can be considered during the detailed technical discussion.
2.6 Positioning accuracy

According to SA1 requirements in TR 22.840 [3], the positioning accuracy is 1-5 m for indoor cases and 10 m to tens of meters for outdoor cases. From RAN perspective, due to the restriction of low cost and low complexity of Ambient IoT device, the positioning performance cannot be expected too much. Moreover, positioning accuracy is highly dependent on Ambient IoT devices’ transmission bandwidth, synchronization performance and also the positioning methods. But these details cannot be touched in RAN level study and need to be discussed later in RAN1. Therefore, at the current phase, RAN can just define a relatively conservative positioning accuracy for Ambient IoT. Based on the potential coverage range of 30 m for indoor and 500 m for outdoor, we suggest that the positioning accuracy is ≤5 m for indoor and ≤30 m for outdoor.

Proposal 6: The positioning accuracy is ≤5 m for indoor scenarios and ≤30 m for outdoor scenarios.
2.7 Connection/device density
In SA1 TR 22.840, the maximum connection density does not exceed 2 million devices per 1 km2 for outdoor case and 250 devices per 100 m2 for indoor case. The RAN design target should be able to support the maximum connection density required in SA1. Moreover, considering the large coverage characteristic of cellular network and also the potential expansion of the future IoT applications, more margin can be considered for this RAN target of connection/device density, for example, to increase the margin by 50% on the basis of SA1 demand. For outdoor scenarios, massive connections with more than 3 million devices can be considered and for indoor scenarios, the 400 devices per 100 m2 can be applied.
Proposal 7: Ambient IoT supports the maximum connection density of more than 3 million devices per 1 km2 for outdoor case and 400 devices per 100 m2 for indoor case.
2.8 Moving speed of device

According to the latest consolidation of Ambient IoT requirements in SA1 [2] and TR 22.840 [3], Ambient IoT is mainly used for static or low speed scenarios and the maximum device speed is less than or equal to 10 km/h. High moving speed can generate a severe time-selective channel fading. Moreover, high moving speed can cause more frequent inter-cell or inter-gNB mobility and also increase the difficulty for the location management of Ambient IoT devices in the network. Consequently, it may cause a non-negligible impaired performance on the low complexity Ambient IoT devices. Hence we recommend to adopt the moving speed agreed by SA1, i.e. ≤10 km/h as RAN design target.
Proposal 8: The same device speed as that in SA1 requirements, i.e. ≤10 km/h is used as RAN design target. 
3. Conclusions

In this contribution, we further discuss RAN design targets for Ambient IoT. Based on the discussion, we give the following proposals:
Proposal 1a: For Device A, the power consumption target during transmitting/receiving is ≤ 10 µW.
Proposal 1b: For Device B, the power consumption target during transmitting/receiving is that: Device A ≪ Device B < Device C.

Proposal 2: Confirm the working assumption on device complexity in TR 38.848.
Proposal 3: The user experienced data rate for both uplink and downlink is maximum not less than 5 kbps and minimum not less than 0.1 kbps. 
Proposal 4: For the maximum message size, 1000 bits can be considered for RAN design target.
Proposal 5: For transmission latency, the maximum latency target is less than 30s for Ambient IoT. Moreover, the latency in seconds also can be considered during the detailed technical discussion.
Proposal 6: The positioning accuracy is ≤5 m for indoor scenarios and ≤30 m for outdoor scenarios.
Proposal 7: Ambient IoT supports the maximum connection density of more than 3 million devices per 1 km2 for outdoor case and 400 devices per 100 m2 for indoor case.
Proposal 8: The same device speed as that in SA1 requirements, i.e. ≤10 km/h is used as RAN design target.
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5. Annex
	Text proposal for section 5 in TR 38.848:
5
RAN design targets

5.1
Device power consumption

For Device A, the power consumption target during transmitting/receiving is ≤ 10 μW,

For Device B, the target during transmitting/receiving is such that:

-
Device A power consumption ≪ Device B power consumption < Device C power consumption
.

The device power consumption for Device C is ≤ 1 mW to ≤ 10 mW.

5.2 
Device complexity


For Device A, the complexity target is to be comparable to UHF RFID ISO18000-6C (EPC C1G2).

For Device B, the target is such that:

-
Device A complexity < Device B complexity < Device C complexity.

For Device C, the complexity target is to be orders-of-magnitude lower than NB-IoT.

5.3
Coverage

5.4
User experienced data rate

The user experienced data rate target is, for the uplink and downlink, maximum not less than 5 kbps, and minimum not less than 0.1 kbps.

5.5
Maximum message size (or maximum ‘TB’ size)
The maximum message size target is 1000 bits.
5.6
Latency

The maximum transmission latency of a packet is less than 30 s. And the latency in seconds can also be considered.
5.7
Positioning accuracy
The positioning accuracy is ≤5 m for indoor scenarios and ≤30 m for outdoor scenarios.
5.8
Connection/device density
The maximum connection/device density target is more than 3 million devices per 1 km2 for outdoor case and 400 devices per 100 m2 for indoor case.
5.9 
Moving speed of device


The moving speed of device is ≤10 km/h. The moving speed of device is an absolute speed.



