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1. Introduction
RAN#102 approved the new study item on solutions for Ambient IoT [1]. The objective consists of the general scope and WG-specific tasks. Especially for RAN2, the following topics are indicated to be studied. 
	· RAN2-led:

· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions.

For example:
· Paging

· Random access

· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope 

· Interactions with upper layers

For functionalities not listed above, they are studied only if found essential.


In this contribution, the initial considerations for each topic identified in the SID are provided. 

2. Discussion 
2.1. Ambient IoT compact protocol stack 
According to the SID [1], the general scope for air-interface and deployment scenarios is stated below. 
	A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:

[…]
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 

[…]
B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:

· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site

·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control

· Basestation and coexistence characteristics: Macro-cell, co-site

· The location of intermediate node is indoor


In TR38.848, Topology 1 and Topology 2 are captured as follows [2], 
	4.2.1.1
Topology 1: BS ↔ Ambient IoT device
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Figure 4.2.1.1-1: Topology 1

In Topology 1, the Ambient IoT device directly and bidirectionally communicates with a basestation. The communication between the basestation and the ambient IoT device includes Ambient IoT data and/or signalling. This topology includes the possibility that the BS transmitting to the Ambient IoT device is a different from the BS receiving from the Ambient IoT device.

4.2.1.2
Topology 2: BS ↔ intermediate node ↔ Ambient IoT device
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Figure 4.2.1.2-1: Topology 2

In Topology 2, the Ambient IoT device communicates bidirectionally with an intermediate node between the device and basestation. In this topology, the intermediate node can be a relay, IAB node, UE, repeater, etc. which is capable of Ambient IoT. The intermediate node transfers Ambient IoT data and/or signalling between BS and the Ambient IoT


For Topology 2, the SID stated “UE as intermediate node under NW control” [1] and Figure 4.2.1.2-1 in [2] shows Uu interface is used between the BS and the intermediate node. So, it’s straight forward to reuse Uu interface for the gNB to control the UE acting as the Ambient IoT Reader, e.g., for the radio resource allocation to the UE to perform the Ambient IoT transmission/reception. Although it’s a very natural interpretation from the SID and the TR, it’s worth confirming by RAN2 explicitly. 
Note: For Topology 1, the gNB acts as the Ambient IoT Reader. So, it’s assumed that Uu interface is not needed for controlling Ambient IoT transmission/reception. 

Proposal 1 For Topology 2, RAN2 should confirm that the Uu interface is reused in order for the gNB to control the UE acting as Ambient IoT Reader. 

[image: image3.emf]PHY

gNB

MAC

RLC

PDCP

RRC

PHY

UE acting as 

Ambient IoT Reader

MAC

RLC

PDCP

RRC


Figure 1
 Uu protocol stack of C-plane for network control (Topology 2)
Regarding the Ambient IoT communication (i.e., the link between the Ambient IoT Reader and the Ambient IoT Device), Topologies 1 and 2 have no difference at least from RAN2 point of view. So, the corresponding protocol stack should be the same for both topologies as the baseline. For example, as the SID clearly stated it should be a compact protocol stack, one simple “L2/L3 layer” on top of PHY layer is a viable option, since the SID explicitly limits to “no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ” (i.e., at least the “heavy” RRC layer, the RLC layer and the HARQ in MAC layer are not needed.) Though, it’s assumed that a “compact” MAC functionality (e.g., user de-multiplexing and Random Access) and a “compact” RRC functionality (e.g., handling of Paging and interactions with upper layer) would be necessary, which may be integrated within one “L2/L3” layer. It’s still FFS whether the security function (i.e., PDCP layer) is needed (which may be up to SA3.) 
Proposal 2 For both topologies 1 and 2, RAN2 should agree that the common protocol stack design is applied between the Ambient IoT Reader and the Ambient IoT Device. 
Proposal 3 RAN2 should discuss what functions are needed for the protocol stack between the Ambient IoT Reader and the Ambient IoT Device, including how many layers are needed. 
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Figure 2
 Example of “compact” protocol stack for Ambient IoT communication (Topologies 1 & 2)
2.2. Paging 
Regarding the existing paging, the basic concept is that the network pages the UE and the paged UE initiates RRC connection establishment/resumption procedure [3]. However, the SID clearly states that there is no RRC state. Considering this restriction, the paging in Ambient IoT may be considered as a kind of “polling”, i.e., for the network to know whether a specific Ambient IoT Device is located in a certain area/cell. RAN2 should discuss what the paging in Ambient IoT systems is. 
Proposal 4 RAN2 should discuss the proper definition of “paging” for Ambient IoT Devices. 
Regardless of the definition (e.g., “paging” or “polling”), a “paging message” sent from Ambient IoT Reader to Ambient IoT Device should contain a device-specific ID, which is similar to UE-ID included in the paging message. RAN2 should discuss whether the Ambient IoT Device has its device-specific ID. If it can be assumed, the ID may be used also for the trigger signalling for DO-DTT data transmission which is discussed in the next section. 
Proposal 5 RAN2 should discuss whether the Ambient IoT Device has its device-specific ID. 
To better understand the possible scenarios, it’s better to clarify whether the topologies 1 and 2 in [2] can coexist, i.e., an Ambient IoT device belongs to a cell (i.e., Topology 1) and another Ambient IoT device belongs to a UE (i.e., Topology 2) in the same network, or if these are always separated. 
It is also necessary to clarify whether the network needs to know which topology/gNB/cell/UE a specific Ambient IoT belongs to; and furthermore, which network node (e.g., the AMF or the gNB) should handle it. 
These clarifications would impact the paging scheme design, so RAN2 should discuss these issues. 
Proposal 6 RAN2 should discuss whether the two topologies can coexist in the same network. 
Proposal 7 RAN2 should discuss whether the network needs to know which topology/gNB/cell/UE a specific Ambient IoT device belongs to. 
2.3. Random access and Data transmission 
Regarding the existing random access, the basic concept requires the UE to send the preamble (Msg1) and for the gNB to send the random access response (Msg2), in order for the UE to determine the timing advance (TA), etc. [3] However, for Ambient IoT, TA adjustment may not be needed since the SID stated “Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”” (i.e., TA would be a value in 0.07~0.33 [us] for 10~50 [m]). So, RAN2 should discuss whether TA is really needed for Ambient IoT transmissions. 
Proposal 8 RAN2 should discuss whether Timing Advance is really needed to be applied to the Ambient IoT Device’s transmission, considering the coverage distance is less than 50[m]. 
TR38.848 identified the 3 traffic types, DO-A (Device-originated, autonomous), DO-DTT (Device-originated, Device-terminated triggered) and DT (Device-terminated) [2]. Although there is no clear definition of these traffic types in the TR, our understanding is illustrated in the following picture. RAN2 should confirm the definitions of 3 traffic types. 
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Figure 3
 DO-A, DO-DTT and DT
Proposal 9 RAN2 should confirm that DO-A means the Ambient IoT Device transmits the data autonomously. 
Proposal 10 RAN2 should confirm that DO-DTT means the Ambient IoT Device transmits the data triggered by the Ambient IoT Reader. 
Proposal 11 RAN2 should confirm that DT means the Ambient IoT Reader transmits the data to the Ambient IoT Device. 
As discussed in Proposal 8 above, in case the TA adjustment is not needed, although the random access is rather used for DO-A data transmission. It may be seen as similar to the 2-step RA [3]; however, the big difference is that there is no preamble transmission. This data transmission scheme would offer extremely low power consumption, so it’s worth discussing. 
Proposal 12 RAN2 should discuss whether the DO-A transmission is performed as random access, without preamble transmission. 
On the other hand, for DO-DTT, the DO data transmission is triggered by the Ambient IoT Reader. Like the current dynamic grant scheme [3], it would be simple to make some rule on the Ambient IoT Device’s data transmission, e.g., the data transmission happens on 4 slots after reception of the trigger. As another option, the slot which the data transmission happens is dynamically indicated by the Ambient IoT Reader. Regardless of the options, this means the DO-DTT data transmission is not based on random access. 
Proposal 13 RAN2 should discuss whether the DO-DTT data transmission is a kind of scheduled transmission, e.g., on some slots after reception of the trigger, which is not random access. 
With regard to DT, the Ambient IoT Reader can decide when the data transmission is performed, like the current downlink assignment [3]. 
Proposal 14 RAN2 should discuss whether the Ambient IoT reader can autonomously decide at any time when the DT data transmission is performed.
The SID stated “a harmonized air interface design” for the following device types [1]. 
	i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.

ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.


So, the backscattering transmission should be the baseline for any functions. Considering the backscattering transmission, the carrier wave (CW) from the gNB and/or the UE will always be needed. It could also be assumed that the CW is used for both the data transmission and the data/trigger receptions. So, from the Ambient IoT device’s perspective, it may need to know which CW can be used for which activities. 
Proposal 15 RAN2 should discuss whether the purpose of CW needs to be identified by the Ambient IoT Device, i.e., for data transmission, for data reception or for trigger reception. 
2.4. Interactions with upper layers 
It’s assumed that the interactions with upper layers depend on many factors, e.g., whether the data transfer is performed via U-plane (as same with the UE) or via C-plane (as similar to Data over NAS: DoNAS in NB-IoT [4]. So, RAN2 should wait for other WGs’ progresses for now, e.g., SA2. 
Proposal 16 RAN2 should wait for other WGs’ progresses before start discussing the interactions with upper layers. 
2.5. Other potential functions 
Other potential L2/L3 functions are listed below. RAN2 should discuss whether all or some parts of these functions will be needed for Ambient IoT, other than paging, random access, data transmission and interactions with upper layers, since it would directly impact the protocol stack design. 
· User de-multiplexing: if the multiple access is supported, the Reader may need to distinguish a backscattering transmission from a specific Ambient IoT Device from other backscattering transmissions from other Ambient IoT Devices. 
· Data segmentation/concatenation: If so called “transport block size” has a limitation, both Ambient IoT Reader and Device may need to segment/concatenate a larger size of data. It’s FFS whether the Ambient IoT Device can have such a processing capability. 
· Security: It may be up to SA3 whether any ciphering and integrity protection. It should take into account the Ambient IoT Device’s processing capability. 
Proposal 17 RAN2 should discuss whether/which additional function(s) is needed in L2/L3 processing. 
3. Conclusion 
In this contribution, the general aspects on protocol stack and signalling procedure for Ambient IoT are discussed.  RAN2 is kindly asked to take into account the proposals below: 
Proposal 1
For Topology 2, RAN2 should confirm that the Uu interface is reused in order for the gNB to control the UE acting as Ambient IoT Reader.
Proposal 2
For both topologies 1 and 2, RAN2 should agree that the common protocol stack design is applied between the Ambient IoT Reader and the Ambient IoT Device.
Proposal 3
RAN2 should discuss what functions are needed for the protocol stack between the Ambient IoT Reader and the Ambient IoT Device, including how many layers are needed.
Proposal 4
RAN2 should discuss the proper definition of “paging” for Ambient IoT Devices.
Proposal 5
RAN2 should discuss whether the Ambient IoT Device has its device-specific ID.
Proposal 6
RAN2 should discuss whether the two topologies can coexist in the same network.
Proposal 7
RAN2 should discuss whether the network needs to know which topology/gNB/cell/UE a specific Ambient IoT device belongs to.
Proposal 8
RAN2 should discuss whether Timing Advance is really needed to be applied to the Ambient IoT Device’s transmission, considering the coverage distance is less than 50[m].
Proposal 9
RAN2 should confirm that DO-A means the Ambient IoT Device transmits the data autonomously.
Proposal 10
RAN2 should confirm that DO-DTT means the Ambient IoT Device transmits the data triggered by the Ambient IoT Reader.
Proposal 11
RAN2 should confirm that DT means the Ambient IoT Reader transmits the data to the Ambient IoT Device.
Proposal 12
RAN2 should discuss whether the DO-A transmission is performed as random access, without preamble transmission.
Proposal 13
RAN2 should discuss whether the DO-DTT data transmission is a kind of scheduled transmission, e.g., on some slots after reception of the trigger, which is not random access.
Proposal 14
RAN2 should discuss whether the Ambient IoT reader can autonomously decide at any time when the DT data transmission is performed.
Proposal 15
RAN2 should discuss whether the purpose of CW needs to be identified by the Ambient IoT Device, i.e., for data transmission, for data reception or for trigger reception.
Proposal 16
RAN2 should wait for other WGs’ progresses before start discussing the interactions with upper layers.
Proposal 17
RAN2 should discuss whether/which additional function(s) is needed in L2/L3 processing.
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