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1	Introduction
In the SID [1], the following RAN2 study objective has been defined:
· 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.
Wherein Random access is one model of UL multiple access needs to be studied for Ambient IoT (A-IoT). Therefore, we study UL multiple access/RACH in this paper.
[bookmark: _Ref178064866]2	Discussion
2.1	RAN1 Agreements
RAN1 has made the below agreements in RAN1#116, regarding random access, DL/UL physical channels and device types.
Agreement
From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.
Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.
Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.
Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PRDCH) is studied,
· System information (if defined) is transmitted on the PRDCH
· FFS Whether/how control information is transmitted on the PRDCH
· Note: the naming of PRDCH is used for the sake of the study

Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
· Note: the naming of PDRCH is used for the sake of the study

Agreement
· For the purpose of the study, RAN1 uses the following terminologies:
· Device 1: ~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.
· Device 2a: ≤ a few hundred µW peak power consumption, 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 is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, 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 is generated internally by the device.

Based on the above RAN1 agreements, it is observed that
[bookmark: _Toc163199942]At least a reader-initiated contention-based access procedure is used.
[bookmark: _Toc163199943]Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH.
[bookmark: _Toc163199944]Three device types are defined for the study.
2.2	Random Access Baseline 
NR has defined a quite elaborate random-access design for accessing the channel. The MAC protocols implement collision resolution and are also capable of handling IDs during collision resolution or after depending on which RRC state triggering the random access and what IDs the user is equipped with.
For A-IoT inventory use case and/or registration procedure, the fundamental issues pertinent to random-access is already covered well in NR random-access framework. Thus, we believe NR random-access framework can be chosen as the baseline. RFID random-access framework may not be suitable because the channel access controls lie close to application and the IDs are purely application-based unlike in A-IoT where IDs are presumably CN defined (like in NR framework).  
[bookmark: _Toc163199949]Reuse the NR Random access framework as the baseline for UL multiple access procedure.
RFIDs, which can correspond to low end A-IoT devices (e.g., device type 1) using Time Division multiplexing (TDM) based dynamic frame slotted Aloha for inventorying. The inventory procedure gets triggered when the RFID tag population to be inventoried receives a specialised Slot determination signal called Query (equivalent to TDM resource indication). This implies that a TDM based random access mechanism can be implemented in A-IoT devices because this may be suitable for both low- and high-end A-IoT devices.
[bookmark: _Toc162550591][bookmark: _Toc162550636][bookmark: _Toc162550681][bookmark: _Toc162550764][bookmark: _Toc163199950]Study at least TDM based Random access procedure for UL multiple access.
Since one of the primary motivations behind introducing RFID-like devices into 3GPP involve handling higher device density, there is a need to consider schemes that can work on the top of a baseline of TDM that also improves capacity in A-IoT. One such solution is Frequency Division Multiplexing (FDM). Configuring different A-IoT devices to transmit at different frequencies should however not entail additional hardware complexity. This is feasible by relying on physical layer techniques that are inherent to these low complexity devices. 
For instance, for devices 1 and 2a which rely on impedance switching/matching circuits for data transmission, changing the rate of switching can itself translate to producing frequency shifts to the backscatter reflections. Mathematically, this can be explained as follows. If a passive A-IoT device switches its antenna impedance at the rate ∆f, an impinging carrier wave at frequency fc results in a backscattering, which at the receiver takes the form. 
 Sin(fc t) sin(∆f t) = 0.5 cos[(fc + ∆f )t] – 0.5 cos[(fc − ∆f )t]. 

This means the impinging signal is translated in the frequency domain during backscattering such that the backscattered signal has two mirror images in frequency domain at desired frequency offsets relative to the central frequency of the incident signal. The frequency domain carrier wave signal (black arrow) as well as the reflected signal (yellow arrows) are shown in Figure 1below.
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Figure 1: An example of a backscatter reflection from a device.

In device 2b, configuring the low-power carrier generators, or even relying on their inherent hardware offsets- for example, carrier frequency offsets, can enable FDM without adding hardware complexities. Therefore, we make the following observation.

[bookmark: _Toc163199945]Frequency shift is one possible option to achieve FDM based multiple access.
In addition to frequency shift, RAN2 can further study if it is feasible for the reader to provide multiple frequency occasions (e.g., RACH occasions in frequency domain) wherein different devices can access the channel on different frequency occasions in the same slot. 

[bookmark: _Toc163199946]It is a possible option to support multiple devices to access the channel using different frequency occasions in the same time occasion.
Random access incorporating FDM on the top of baseline TDM will therefore be useful to potentially improve A-IoT capacity, without entailing additional hardware complexity. The approaches based on frequency shift or frequency resource/PRBs selection like in legacy network can be considered for study.

[bookmark: _Toc162550593][bookmark: _Toc162550638][bookmark: _Toc162550683][bookmark: _Toc162550766][bookmark: _Toc163199951]Study FDM based Random access in combination with TDM for UL multiple access.
In addition, CDM based access to improve UL access orthogonality and spectrum efficiency, has been widely used in NR Uu legacy framework. Therefore, CDM may also be included as one access mechanism candidate in the study scope in addition to TDM and FDM based access schemes. It is assumed that at least for device type 2b it may be feasible to perform CDM based access scheme.
[bookmark: _Toc163199952]It is up to RAN1 to decide whether to study CDM based Random access in addition to FDM access scheme and TDM access scheme.
2.3	Random Access Message Flow
Depending on the random-access resource design (TDM or FDM or CDM, discussed in the previous section), the device acquires transmission occasion or access slot accordingly and initiates its random-access messages. Due to the chosen random-access resource design, some of these messages may depend on access type, for instance TDM based or CDM based. For example, if CDM based approach is utilized then first random-access message can be CDM based sequence. If it is pure TDM based approach, then device may select the slot/TDM resource in a random manner, and within that slot it can deliver its first uplink message.
[bookmark: _Toc163199947]The design and properties of the initial uplink message depends on the random-access resource design.
Keeping the discussion abstract, given no resource design is agreed yet, we can define the role of messages. For instance, initially, the initial random-access messages or sequences to be equipped with some local ID or information to perform collision resolution. NR utilizes complex methods utilising RAPID, resource allocations, etc., and RFID utilizes RN16 value, which are very different in design and message generation (which may depend on hardware limitations). However, both perform collision resolution initially.
[bookmark: _Toc163199948]The initial random-access messages help to perform contention/collision resolution.
Upon collision resolution, once the devices are successfully identified locally, in the next uplink message(s), the device can send relevant payload. In RFID, the device typically sends EPC ID, wherein NR, depending on the access trigger, the device can send RRC setup request or resume request (I-RNTI) or C-RNTI (if initiated from connected mode). However, if we draw a comparison with EPC like payload in RFID, then this could be equivalent to NR’s Msg3 or 2nd uplink message indicating I-RNTI (condition that device is already registered) or NR’s Msg5 or 3rd uplink message indicating SUCI or 5G-GUTI (the device can be assumed unregistered or registered). 
It must be remarked that in RFID, the device can be deemed successfully resolved after 1st uplink message (RN16), where the reader echoes back the same RN16, but in NR, the device is deemed successfully resolved upon reception of Msg4 where the device’s temporary local ID (temp C-RNTI) is promoted to official ID (official C-RNTI). 
Hence, in NR random access, the user can communicate official or allocated IDs during collision resolution procedure (e.g., in Msg3) or after collision resolution (i.e., in Msg5). However, the choice and allocation of IDs in A-IoT use cases is not yet agreed, and it will depend on A-IoT device capabilities and discussions in SA.
An example on the contention based random access procedure is illustrated in Figure 2.
The procedure is initiated by the reader following the below steps.
Message 0: the reader first sends one or multiple DL signaling messages to devices conveying the below information
· Devices or device groups which are the target for the procedure
· Number of devices/occasions which are to be scheduled in the procedure
· Resources in frequency and time
Message 1: the device initiates a contention based random access and obtains an occasion. After that, the device sends its random ID (for contention resolution purpose) in the first message.
Message 2: the reader replies with the device random ID if the reader successfully reads the device’s random ID.
Message 3: the device sends the response (e.g., contains the device ID as an example for an inventory procedure) plus the random ID in the second message to the reader.
[bookmark: _Toc162554963][bookmark: _Toc162554989][bookmark: _Toc162961777]There may be subsequent transmissions between the reader and the device after Message 3. 
[bookmark: _Toc163199953]Study contention based random access.
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Figure 2: An example where two devices perform contention based random access.

In addition, for a device which has been recently inventoried by the network, the device may already have corresponding context information stored in the network (or, alternatively, the command procedure is initiated directly after or as a continuation of the inventory procedure, and in this case, the device and the reader perform dedicated transmissions/receptions). In this case, the reader can skip contention-based access procedure, and instead the reader may directly assign dedicated resources to that device for any subsequent data transmission or reception. This procedure may be referred to as contention-free access procedure.
[bookmark: _Toc163199954]Study contention-free access procedure.
In addition, the study shall cover both 4-step RA like procedure and 2-step RA procedure.
For the 2-step RA procedure, the device can send the random ID and the data (e.g., the NAS message contains the device ID) in the same message.
[bookmark: _Toc163199955]Study both 4-step like random access and 2-step like random access.
2.4	Connection Topologies
In the SID, it has been defined to study connection topologies, including Topology 1 and Topology 2. 
· Deployment scenario 1 with Topology 1
· Base station and coexistence characteristics: Micro-cell, co-site
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Base station and coexistence characteristics: Macro-cell, co-site
It is straightforward to study and support Random access in Topology 1.
[bookmark: _Toc163199956]Study Random access in Topology 1.
For Topology 2, since UE operates as an intermediate UE, it is assumed that the interface between the UE and the gNB would reuse the legacy Uu interface, with minimum improvements if deemed necessary. Meanwhile, the interface between the UE and devices should be the same as the interface between devices and the gNB in Topology 1.
[bookmark: _Toc163199957]In Topology 2, reuse the legacy Uu interface for the interface between the UE and the gNB aiming for minimum/no improvements.
Another question is whether the intermediate UE should operate as an A-IoT device towards the gNB to perform Random access procedure. We think this is unnecessary, and to simplify the RAN2 impact, it is sufficient to assume the A-IoT data/signalling to be invisible/transparent between the intermediate UE and gNB. 
[bookmark: _Toc163199958]In Topology 2, the intermediate UE operating as a A-IoT device to perform Random access procedure towards the gNB is not supported.
[bookmark: _Toc70424553][bookmark: _Ref189046994]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	At least a reader-initiated contention-based access procedure is used.
Observation 2	Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH.
Observation 3	Three device types are defined for the study.
Observation 4	Frequency shift is one possible option to achieve FDM based multiple access.
Observation 5	It is a possible option to support multiple devices to access the channel using different frequency occasions in the same time occasion.
Observation 6	The design and properties of the initial uplink message depends on the random-access resource design.
Observation 7	The initial random-access messages help to perform contention/collision resolution.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Reuse the NR Random access framework as the baseline for UL multiple access procedure.
Proposal 2	Study at least TDM based Random access procedure for UL multiple access.
Proposal 3	Study FDM based Random access in combination with TDM for UL multiple access.
Proposal 4	It is up to RAN1 to decide whether to study CDM based Random access in addition to FDM access scheme and TDM access scheme.
Proposal 5	Study contention based random access.
Proposal 6	Study contention-free access procedure.
Proposal 7	Study both 4-step like random access and 2-step like random access.
Proposal 8	Study Random access in Topology 1.
Proposal 9	In Topology 2, reuse the legacy Uu interface for the interface between the UE and the gNB aiming for minimum/no improvements.
Proposal 10	In Topology 2, the intermediate UE operating as a A-IoT device to perform Random access procedure towards the gNB is not supported.
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