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Introduction
In RAN#102, a new SI [1] was approved for the study on solutions for Ambient IoT in Rel-19, including the following general scope and relevant objectives.

	General Scope

The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:

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:

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.

· X  is to be decided in WGs.

· 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”.

· 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. 

NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.

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

C.  FR1 licensed spectrum in FDD.

D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).

E. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.

Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.

The following objectives are set, within the General Scope:
1. Evaluation assumptions

a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].

· Clause 5.3: Applicable maximum distance target values(s)

· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs

· Clause 5.8: 2D distribution of devices

b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.

NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.

NOTE: strive to minimize evaluation cases in RAN1.
2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 

Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· RAN1-led:

For the Ambient IoT DL and UL:

· Frame structure, synchronization and timing, random access

· Numerologies, bandwidths, and multiple access

· Waveforms and modulations

· Channel coding

· Downlink channel/signal aspects

· Uplink channel/signal aspects

· Scheduling and timing relationships

· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 

       For Topology 2, no difference in physical layer design from Topology 1.


In this document, we provide our views on downlink and uplink channel/signal aspects for Ambient IoT including detailed physical layer design aspects such as information payload, time/frequency domain resource, feasibility and required functionalities for proximity determination, etc.
D2R/R2D Information Transmission
In LTE/NR, UE performs initial access and transmit/receive user data after initial access. In RFID, devices process inventory rounds and then perform access procedure to transmit/receive user data with the reader. Considering such conventional communication systems, we assume that Ambient IoT system should support at least the initial step for initial access (or inventory process) for the reader (such as gNB or intermediate node) to identify devices in proximity and for the devices to connect to the reader and then the second step for data exchange similar to what UE/gNB normally perform during RRC_CONNECTED.
In our view, DL/UL control information needs to be introduced for initial access and data exchange (e.g. in NR RRC_CONNECTED or during access procedures in RFID). For example, we need to specify R2D/D2R control information e.g. similar to one or more of system information, paging and RACH as we can see in NR or one or more of Select, Query, RN request and Reply to ACK as we can see in RFID. We may also need to specify R2D/D2R control information to support data exchange.

Proposal 1: Study multiple control information types for initial access procedure and subsequent access procedure where devices perform data exchange.

In addition, we expect that Ambient IoT system will support variable information payload sizes in different steps/procedures e.g. for initial access and data exchange. Unless data rate quickly changes, variable information payload sizes may lead to variable transmission time intervals e.g. with OOK modulation.
Proposal 2: Variable transmission time intervals are assumed for variable R2D/D2R information payloads. 
In LTE/NR, PDSCH and PUSCH are used to carry a transport block i.e. MAC PDU. MAC PDU consists of MAC headers, MAC control elements and MAC SDUs. Similarly, we assume that PRDCH and PDRCH are used to carry at least L2 control information (e.g. MAC header and MAC CE, if any) and data (e.g. MAC SDU). But, details need to be discussed and defined by RAN2, not RAN1. RAN1 should focus on need for preamble/midamble/postamble and any L1 control information.
Proposal 3: RAN1 assumes that PRDCH and PDRCH are used to carry at least L2 control information (e.g. MAC header and MAC CE, if any) and data (e.g. MAC SDU) which will be defined by RAN2. RAN1 will study whether to support preamble/midamble/postamble and any L1 control information on PRDCH and PDRCH.
In RFID, a device generates a random number for collision resolution. We think that it is desirable to support a random number for collision resolution in Ambient IoT contention-based access. For example, a device can transmit a random number in MSG1 for contention-based access. Thus, when multiple devices simultaneously try to access to a reader, the reader can resolve collision based on the random number.
As we know, it is the physical layer to attach CRC to a transport block submitted by MAC layer for PDSCH/PUSCH. The same cross-layer operation can be assumed for PRDCH and PDRCH. 
It is not clear whether CRC needs to be attached to a random number for contention-based access. In RFID, CRC-5 is attached to a Query command but CRC is not attached to RN16 (e.g. MSG1 in NR initial access) in reply to the Query command. But, CRC-16 is attached to RN16 for handle (e.g. MSG5 in NR initial access) in reply to the Req_RN command. Thus, if random number is used in contention-based access, RAN1 can further study whether to add CRC to a random number in contention-based access.
Considering that the physical layer attaches CRC to a TB, if CRC is attached to a random number, MAC can generate a random number which can be part of TB. If CRC is not attached to a random number, the physical layer can generate a random number at least for an initial D2R transmission in contention-based access, i.e. the random number is not part of TB in PDRCH. Or, even without CRC, MAC can generate a random number as part of TB but L1 can skip adding CRC e.g. for the initial D2R transmission in contention-based access.

If the random number is not part of TB in PDRCH and an initial D2R transmission i.e. MSG1 only carries the random number as in RFID, MSG1 does not have TB to be transmitted. If it is the case, MSG1 can be similar to PRACH. But, if we do not want other D2R channel than PDRCH, the random number can be part of TB but L1 does not add CRC to the initial D2R transmission.

Proposal 5: Random number can be used in contention-based access for collision resolution. Study whether to add CRC to a random number in contention-based access.
Frame structure
D2R (i.e., device to reader)

In RAN1 #116 meeting, it was agreed to study that D2R preamble is included in time domain frame structure of D2R transmission. But, in some cases (e.g., FEC (Forward Error Correction) is used for D2R), using only preamble can be difficult to maintain time synchronization for the D2R. Therefore, a midamble can be considered in time domain frame structure of D2R transmission in order to assist SFO tracking (or to assist channel estimation). Furthermore, if both preamble and midamble are included in D2R frame structure, it is necessary to study how to distinguish between preamble and midamble from reader perspective using different sequence types, different lengths, and/or different values.

On the other hand, in order to indicate the end of D2R transmission, a postamble may be additionally considered in time domain frame structure of D2R transmission. It is possible to design a postamble similar to using dummy1, which is used to indicate the end of UL transmission in RFID. In this case, it would be desirable to design the postamble to be distinguished from the aforementioned preamble and/or midamble.

Proposal 5: If midamble and/or postamble are additionally included in time domain frame structure of D2R transmission, it can be further studied to define each of preamble, midamble, and postamble to be distinguished from each other.
R2D (i.e., reader to device)

In RAN1 #116 meeting, it was agreed to study that R2D preamble is included in time domain frame structure of R2D transmission. However, in the previous meeting, line coding schemes were considered for R2D transmission, and if the line coding schemes are used for R2D transmission, the clock information may be included in that transmission. Therefore, it doesn’t seem clear that the benefits of including additional sync signals (e.g., midamble/postamble) in time domain frame structure of R2D transmission.

Observation: The clock information may be included in the R2D transmission with line coding, so it doesn’t seem clear that the benefits of including additional sync signals (e.g., midamble/postamble) in time domain frame structure of R2D transmission.
Time/Frequency domain resource
It is natural to support time/frequency domain resources for Ambient IoT. One or more multiple frequency channels can be configured for the readers such as gNBs and/or intermediate nodes (IN). Multiple channels can be configured to alleviate interference and collision among different readers and multiple devices accessing to a reader. Inter-gNB interference can be alleviated by allocation of different channels to different gNBs. gNB can also reduce inter-IN interference by allocating different channels to different INs. 
Proposal 6: Study the following cases for frequency domain resource allocation:

· Multiple channels for a single cell/gNB

· Multiple channels for different INs under a single cell/gNB

· Multiple channels for different cells/gNBs 
Multiple channels seem not needed to be always contiguous. It seems beneficial to support incontiguous multiple channels for easy deployment of multiple channels. e.g. on spectrum deployment in-band to NR considering NR internal frequency resource allocation.
Proposal 7: Study both contiguous and incontiguous frequency channel deployment.
It will be beneficial to support inter-gNB information exchange for frequency channel coordination among gNBs. For example, if inter-gNB information exchange is supported, adjacent gNBs can avoid interference and collision on the same channel allocation. Adjacent gNBs may allocate different channels based on based on inter-gNB information exchange.
Proposal 8: Study frequency channel coordination among gNBs/INs

Like sidelink resource pools, RAN1 can support time domain resource pools for TX/RX of gNB and UEs functioning as IN. Different gNBs can better coordinate time domain resources on a same channel. gNB can also reduce collision and interference among different UEs functioning as IN in topology 2. Besides, gNB can alleviate collision between Uu DL/UL and R2D /D2R.
In addition, considering backscattering, we can study a time domain resource pool for both R2D and D2R. The time domain resource pool can also include CW transmission resource, especially when gNB or IN is a CW source.

Proposal 9: Study a time domain resource pool for TX and/or RX of gNB and IN.
As we support in LTE and NR, RAN1 can study dynamic resource allocation and semi-static resource allocation for gNB and IN. For example, when gNB or IN performs one-shot transmission e.g. for data exchange with a single device, dynamic resource allocation is beneficial. But, when gNB or IN performs periodic transmission e.g. for Inventory round, semi-static resource allocation seems beneficial. Thus, we propose to study both dynamic resource allocation and semi-static resource allocation for gNB and IN.
Proposal 10: Study both dynamic resource allocation and semi-static resource allocation for gNB and IN.
R2D transmissions from gNB or IN may or may not require backscattering. TX only resource can be allocated for R2D transmissions without backscattering. But, when R2D transmission is followed by D2R with backscattering, TX/RX resource with CW transmission opportunity can be allocated for R2D transmissions with backscattering.
Proposal 11: Study the following resource types for R2D and D2R:

· TX only resource (used for R2D)
· TX/RX resource with or without CW transmission (used for D2R)
Proximity determination
Study on the feasibility and required functionalities for proximity determination is part of the SI objectives. If proximity determination is used for the reader to determine device(s) in proximity, there seem two cases that RAN1 can consider in this study: 
· Case 1: The TX or RXreader (gNB or IN) determines proximity of one or more identified devices
· Case 2: The TX or RX reader (gNB or IN) determines proximity of one or more unidentified devices

In the first case, it is assumed that the reader has identified a specific device and may also have performed data exchange with the device before. For some reasons, the reader may want to check if the identified device is still in proximity of the reader since the device can move any time without any notification to the reader. The reader may perform this process for responses from multiple identified devices e.g. a specific group of identified devices. Multiple channels can be considered for multiple responses in a timely response time.
In the second case, it is assumed that the reader did not identify any device in proximity. It is not clear whether the reader needs to perform CW transmission or any R2D information transmission towards devices not identified yet. gNBs or UEs functioning as IN may need proximity determination of unidentified devices for battery saving.
Proposal 12: Study the following cases for Proximity determination
· Case 1: The TX or RX reader (gNB or IN) determines proximity of one or more identified devices
· Case 2: The TX or RX reader (gNB or IN) determines proximity of one or more non-identified devices

Moreover, devices may want to check if a reader is in proximity, if needed. For example, the device determines proximity of a reader with identification e.g. by system information, or the device determines proximity of a reader without identification e.g. by CW. However, a benefit of supporting such proximity determination by devices is not clear considering passive devices.
Proposal 13: Discuss whether to study the following cases:
· Case 3: The device determines proximity of a reader with identification e.g. by system information
· Case 4: The device determines proximity of a reader without identification e.g. by CW
Topology 2 specific issues

In Topology 2, it is not clear whether UEs functioning as IN can generate a complete payload of R2D information for every procedural step. For example, if a UE inventories devices in proximity as IN, it is not clear whether or not the UE triggers inventory round by their own decision and generates a complete payload of R2D information for this step. 
Besides, it is not clear whether UEs functioning as IN can allocate TX/RX resources for IoT devices or gNB allocate TX/RX resources to INs. We assume that gNB can allocate TX/RX resources to IN because gNB controls NR resources e.g. especially in case of spectrum deployment in-band to NR
Accordingly, we propose to study functional split between gNB and IN in topology 2 e.g. which functions gNB or IN performs for IoT devices.

Proposal 14: Study functional split between gNB and IN

In NR sidelink, gNB allocates resource pools where a UE can select a TX resource in the pool or gNB can dynamically allocate a resource to a UE. We think that similar resource allocation mechanisms can be considered for Ambient IoT topology 2.
Like in SL mode 1, gNB can use DCI to dynamically allocate R2D resources with or without backscattering. In addition, like in SL mode 2, UEs functioning as IN can perform IN autonomous resource allocation on a resource pool for R2D resources with or without backscattering.
Proposal 15: Study DCI based resource allocation for R2D resource with or without backscattering e.g. similar to SL mode 1
Proposal 16: Study IN autonomous resource allocation for R2D resource with or without backscattering e.g. similar to SL mode 2

It seems assumed during the previous discussion that UEs functioning as an IN in topology 2 are in RRC_CONNECTED while UE in topology 4 can be in RRC_IDLE/INACTIVE. Considering different UE operation in RRC_CONNECTED and RRC_IDLE/INACTIVE, it will be easy to support only connected UEs functioning as IN.
Proposal 17: Agree that UEs functioning as IN should be in RRC_CONNECTED.

Conclusion
In conclusion, we propose that RAN1 agree to study the following proposals:
Proposal 1: Study multiple control information types for initial access procedure and subsequent access procedure where devices perform data exchange.

Proposal 2: Variable transmission time intervals are assumed for variable R2D/D2R information payloads. 
Proposal 3: RAN1 assumes that PRDCH and PDRCH are used to carry at least L2 control information (e.g. MAC header and MAC CE, if any) and data (e.g. MAC SDU) which will be defined by RAN2. RAN1 will study whether to support preamble/midamble/postamble and any L1 control information on PRDCH and PDRCH.
Proposal 4: Random number can be used in contention-based access for collision resolution. Study whether to add CRC to a random number in contention-based access.
Proposal 5: If midamble and/or postamble are additionally included in time domain frame structure of D2R transmission, it can be further studied to define each of preamble, midamble, and postamble to be distinguished from each other.

Observation: The clock information may be included in the R2D transmission with line coding, so it doesn’t seem clear that the benefits of including additional sync signals (e.g., midamble/postamble) in time domain frame structure of R2D transmission.
Proposal 6: Study the following cases for frequency domain resource allocation:

· Multiple channels for a single cell/gNB

· Multiple channels for different INs under a single cell/gNB

· Multiple channels for different cells/gNBs 
Proposal 7: Study both contiguous and incontiguous frequency channel deployment.

Proposal 8: Study frequency channel coordination among gNBs/INs

Proposal 9: Study a time domain resource pool for TX and/or RX of gNB and IN.

Proposal 10: Study both dynamic resource allocation and semi-static resource allocation for gNB and IN.

Proposal 11: Study the following resource types for R2D and D2R:

· TX only resource (used for R2D)
· TX/RX resource with or without CW transmission (used for D2R)
Proposal 12: Study the following cases for Proximity determination
· Case 1: The TX or RX reader (gNB or IN) determines proximity of one or more identified devices

· Case 2: The TX or RX reader (gNB or IN) determines proximity of one or more non-identified devices

Proposal 13: Discuss whether to study the following cases:
· Case 3: The device determines proximity of a reader with identification e.g. by system information

· Case 4: The device determines proximity of a reader without identification e.g. by CW

Proposal 14: Study functional split between gNB and IN

Proposal 15: Study DCI based resource allocation for R2D resource with or without backscattering e.g. similar to SL mode 1

Proposal 16: Study IN autonomous resource allocation for R2D resource with or without backscattering e.g. similar to SL mode 2

Proposal 17: Agree that UEs functioning as IN should be in RRC_CONNECTED.[image: image1.png]
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