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1	Introduction
The “Study on solutions for Ambient IoT (Internet of Things) in NR” [1] targets a further assessment at RAN WG level of Ambient IoT (A-IoT), a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study follows an initial study captured in TR 38.848 [2]. Here is an excerpt from the SID:
	[bookmark: _Ref178064866]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



This contribution presents our input on general aspects of physical layer design for A-IoT.
Based on the definitions in the above SID excerpt, we map the devices with characteristics mentioned in bullets (i) and (ii) above to slightly modified versions of the device types A, B and C defined in TR 38.848 [2]. The device mentioned in bullet (i) above is mapped to Device A+. The device mentioned in bullet (ii) above which relies on backscattering for UL transmission is mapped to Device B, and the device in (ii) which can generate its own carrier wave is categorized as Device C-. Devices A+ and B are considered as passive devices, and Device C- is an active device.
2	Discussion
In this section, we discuss the background as well as present our views on the general aspects of Rel-19 physical layer design for Ambient IoT (A-IoT). 
2.1	Numerology
Ensuring coexistence and reuse of existing network infrastructure is critical to the ease and pace of network roll-out for A-IoT. More specifically, it must be ensured that A-IoT can be deployed through a software upgrade of existing NR radios, without the need for hardware upgrades at existing BS. This can be accomplished by designing a physical layer for A-IoT that is well-suited for the reuse of NR BS hardware at both the transmitter and receiver sides. This means, on the transmitter side, it should be possible to generate DL waveform for A-IoT using existing NR OFDM transmitter. On the receiver side, the BS must be capable of simultaneously receiving transmissions from both NR devices and A-IoT devices, performing frequency domain processing to retrieve their data, thereby obviating the need for changes to the BS RF chain. 
In this respect, ensuring compatibility with the NR numerologies is crucial. For example, the NR numerology can serve as the baseline for designing symbol duration, bandwidth, and sampling frequency for A-IoT waveforms.
For the targeted licensed FR1 FDD bands [3], support for various subcarrier spacing (SCS) values is specified, but typically 15 kHz SCS would be used, so we suggest to focus on 15 kHz SCS in the Rel-19 A-IoT SI. 
[bookmark: _Toc159244321]Prioritize A-IoT physical layer solutions with numerologies compatible with NR OFDM with 15 kHz SCS.

2.2	Deployment modes
The study [1] has considered A-IoT deployments in in-band NR, in guard-band of NR/LTE, and in standalone band from NR as shown in Figure 1.
Regarding LTE guard-band deployment, it should be noted that A-IoT can be expected to be more widely deployed when many operators have completed migration from LTE to NR or are in the process of the migration. Therefore, it seems doubtful to us that LTE guard-band deployment will see wide adoption.
Regarding NR guard-band deployment, it should be noted that NR has higher spectrum utilization and narrower guard bands than LTE. The SI targets licensed FR1 FDD bands. For existing FR1 FDD bands [3], assuming 15 kHz SCS, the largest maximum BS channel bandwidth is 50 MHz, for which the minimum guard band bandwidth is 692.5 kHz. For the 900-MHz band (band n8), assuming 15 kHz SCS, the largest maximum BS channel bandwidth (applicable for both DL and UL) is 20 MHz, and the minimum guard band bandwidth is 452.5 kHz. Only a fraction of the minimum guard band bandwidths would realistically be available for a potential NR guard-band deployment of A-IoT, to fulfil the requirements on unwanted emissions outside the NR carrier. The challenges with NR guard-band deployment of a 180-kHz NB-IoT carrier have already been noted by RAN4 in TR 37.824 [4]. Under these challenging bandwidth considerations, an NR guard-band deployment of A-IoT is likely to have problems fulfilling the stringent A-IoT device/connection density target (cf. Section 2.6).
[bookmark: _Toc152578493][bookmark: _Toc159244322]RAN1 focuses on NR in-band and standalone deployment modes in the Rel-19 A-IoT SI.
Since the A-IoT device types under consideration (A+, B, C-) have rather different characteristics, it would be good to clarify whether an A-IoT deployment is expected to be able to support different A-IoT device types simultaneously in the same cell/carrier/BS.
[bookmark: _Toc159244323]Clarify whether an A-IoT deployment can simultaneously support more than one of the A-IoT device types (A+, B, C-) in the same cell/carrier/BS.
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[bookmark: _Ref158902191]Figure 1: A-IoT deployment modes

2.3	Bandwidths
The selection of maximum channel bandwidth for DL and UL requires consideration of several factors such as rate and coverage requirements, interference conditions, hardware capabilities, power consumption, and regulatory constraints. DL and UL channel bandwidths can in general also be different. Additionally, to ensure compatibility and coexistence with NR, the A-IoT bandwidth should be integer multiples of the NR resource blocks or at least integer multiples of the NR subcarrier spacing, so that the same clock/FFT gNB front-end could be reused for both UL and DL. Regarding the channel bandwidth needed to fulfil the A-IoT device/connection target, Section 2.6 provides some initial estimates of the required multiplexing.
[bookmark: _Toc159244324]Study different options for maximum A-IoT channel bandwidth, considering factors such as coverage requirements, power consumption, device complexity, and regulatory constraints, while ensuring compatibility with NR.
[bookmark: _Toc159244325]To facilitate coexistence with NR, select A-IoT channel bandwidths and A-IoT signal bandwidths to be integer multiples of NR resource block bandwidths or at least integer multiples of the (15-kHz) NR subcarrier spacing.

[bookmark: _Toc157710538][bookmark: _Toc157710577][bookmark: _Toc157849965]2.4	Waveform and modulation
The legacy LTE/NR transmitters and receivers are based on a sophisticated OFDM-based physical layer. 
[bookmark: _Hlk157709971]Due to stringent complexity, cost, and peak power consumption requirements, it is infeasible to use the legacy transceiver architecture of NR/LTE devices for A-IoT devices. For example, passive A-IoT devices (Devices A+ and B) are not even capable of generating their own carrier signal. Therefore, unlike the legacy NR/LTE UEs, A-IoT devices are not expected to be equipped with an inherent OFDM transceiver. Moreover, even for active A-IoT devices (Device C-), supporting OFDM signal generation and processing will be a challenge.  
[bookmark: _Toc158898586][bookmark: _Toc158901450][bookmark: _Toc159244311]To meet the complexity, cost, and peak power consumption requirements, A-IoT devices are not expected to support OFDM transceivers used in traditional UEs. 
Nevertheless, it is crucial to ensure compatibility of the A-IoT waveform with the OFDM system. Specifically, tailored A-IoT waveforms are needed for DL and UL, which – on the network side – still can be casted into an OFDM framework, i.e., the network can generate, process, and decode the A-IoT waveforms using legacy OFDM-based processing.
[bookmark: _Toc159244312]The new A-IoT waveforms should be compatible with the OFDM-based architecture used in legacy networks to ensure seamless integration within the NR transceiver.
There are three distinct cases for which new waveforms and modulations are needed for A-IoT.
· DL waveform and modulation for passive and active devices: To ensure compatibility between simple modulation and waveform suitable for low-power receivers, e.g., OOK, ASK, or FSK, it is desirable to generate an OOK-like waveform by leveraging the existing OFDM transmitters. Synthesized OFDM can be used to generate simpler waveform such as OOK-like, ASK-like, or FSK-like waveform for both passive and active devices. The main objective is that gNB in Topology 1 or intermediate node in Topology 2 transmits a synthesized OFDM signal and an A-IoT DL receiver is able to perform low-complexity processing to demodulate an OOK-like, ASK-like, or FSK-like waveform.
· [bookmark: _Hlk157011676][bookmark: _Hlk158131109]UL waveform and modulation for active devices: For active devices with an independent carrier generator, the modulation and waveform design should be well-suited for power-efficient, low-complexity transmitters. At the same time, the designed waveform should be friendly for receivers optimized for OFDM-based reception to reuse gNB receiver front-end. Considering factors such as power amplifier efficiency and device non-linearity, continuous phase modulation with favorable spectral characteristics that can be processed and decoded by an OFDM receiver front-end is suitable for power-efficient, low-complexity transmitters, for example CPFSK or GFSK.
· UL waveform and modulation for passive devices: For passive devices with RF carrier generated by an external transmitter, the uplink waveform design is not significantly affected by the modulation with which the carrier wave is transmitted. This is because the passive devices merely reflect an external carrier wave by adjusting their antenna impedances, making it much simpler to reuse the legacy NR waveforms based on OFDM for backscatter communications. In cellular networks, backscatter communication needs to be compatible with OFDM, meaning that a backscatter device should be able to communicate using an incident signal that a traditional OFDM receiver can decode without increasing the device complexity. A carrier wave might use a single-tone continuous waveform or multi-tone continuous waveform. A single-tone CW might allow for a simple carrier-wave transmitter (CWT) node, whereas on the other hand a multi-tone CW is more robust to frequency-selective fading and achieve better RF to DC conversion efficiency at the passive tag [5]. Different modulation schemes such as OOK and variants of FSK, BPSK and QPSK can be realized using backscattering by modulating the switching between different impedance states. It is required to study which combination of modulation scheme and incident carrier wave would allow the backscattered signal to be decodable at an OFDM receiver. The CWT must comply with similar RF requirements as (BS or UE) communication equipment in the operating frequency band, e.g., the absolute spectrum mask requirements. More details about the CW waveform are provided in our companion contribution [6] under agenda item 9.4.2.4.
Based on the above considerations, we have the following proposal:
[bookmark: _Toc159244326][bookmark: OLE_LINK11]RAN1 studies waveforms and modulations for DL and UL for both passive and active A-IoT devices that can be generated or processed using conventional OFDM-based radio equipment in the BS/UE. Specifically, we propose to study the following:
· [bookmark: _Toc159244327]In DL for both active and passive devices, synthesized variations of OFDM signals such that the A-IoT DL receiver is able to perform low complexity processing to demodulate OOK-like, ASK-like, or FSK-like modulation.
· [bookmark: _Toc159244328]In UL for active devices, variants of continuous phase modulation with favorable spectral characteristics that are friendly for low-complexity transmitters at the A-IoT devices and BS/UE receivers optimized for OFDM-based reception, for example CPFSK or GFSK.
· [bookmark: _Toc159244329]In UL for passive devices, backscattered (single-tone or multi-tone) waveforms and (OOK-like, ASK-like, PSK-like, or FSK-like) modulations that are friendly for BS/UE receivers optimized for OFDM-based reception.
· [bookmark: _Toc159244330]In addition, line coding techniques (e.g., NRZ, Manchester, Miller, FM0) can be considered.

2.5	Channel coding
In designing A-IoT, the trade-offs between error correction, bandwidth utilization, and computational complexity should be considered. Channel coding can provide a significant performance gain over uncoded transmissions by extending coverage but requires additional complexity. Given A-IoT design constraints, it is important to prioritize low-complexity encoding and decoding in the device.
One example of error-correcting channel codes is the convolutional codes (CC) with small constraint lengths (e.g., 3 or less), which offer a substantial performance gain over uncoded transmission, especially in a fading environment, with reasonable complexity. The tail-biting version (TBCC) may be suitable for UL to avoid overhead, while the conventional CC with explicit tail-bit transmission to aid decoding may be suitable for DL. Reduced complexity decoding schemes, such as those based on decision feedback, may also be used to further limit the decoding complexity in DL whenever necessary. Another example is the repeat-accumulate (RA) codes which have low encoding complexity and may be suitable for UL.
To avoid costly communication errors in the protocol level, channel codes that can provide a certain level of error detection capability through parity checks, such as the cyclic redundancy check (CRC) codes, are also desirable. Block codes that can be used for both error correction and error detection may also be considered.
[bookmark: _Toc159244331]For each device type, study DL coding schemes with low-complexity decoding, e.g., conventional CC.
[bookmark: _Toc159244332]For each device type, study UL coding schemes with low-complexity encoding, e.g., TBCC and repeat-accumulate (RA) codes.
[bookmark: _Toc159244333]RAN1 to discuss whether CRC is needed for A-IoT and suitable CRC lengths (e.g., 8 or 16 bits).

[bookmark: _Ref159159557]2.6	Multiple access
A-IoT devices are expected to be deployed in a dense manner with a high, relatively demanding device/connection density target (e.g., 150 per 100 m2). This requires supporting approximately 471-11781 devices for a single omni-cell of radius 10-50m. Moreover, a high number of A-IoT devices are expected to communicate at the same time, for example, in the case of network-triggered inventory which is a prioritized use case for A-IoT. This means that for both passive and active devices, the physical layer should be designed to enable multiple access from a high number of A-IoT devices.
[bookmark: _Toc159244313]The physical layer design for A-IoT should enable multiple access from a large number of A-IoT devices.
With a scalable design, a larger number of A-IoT devices can communicate with the gNB (in Topology 1) or the network-controlled UE as intermediate node (in Topology 2). Here, we discuss some of the multiple access schemes which are compatible with passive as well as active A-IoT devices.
For DL, relying on a time-division multiple access (TDMA) based approach allows different devices to be served at different points in time. In addition to this, considering the simplicity, along with the possibility to support unicast as well as multicast options, DL multiple access seems to work well with TDMA-based schemes. 
[bookmark: _Toc159244314]For DL, a TDMA-based scheme can be considered for A-IoT devices.
In UL, different multiple access schemes are feasible, out of which TDMA-based schemes including different variants of ALOHA protocols are the most popular among RFID standards. The recent RFID standard (Class 1 Generation 2 standard) supports dynamic frame slotted ALOHA (DFSA). However, adopting the same approach in its current form in A-IoT may not offer any additional scalability over the existing RFID standards.
[bookmark: _Toc159244315]Adopting a DFSA based UL multiple access scheme for A-IoT may not offer additional scalability over existing RFID systems. 
Another multiple access scheme which can be an alternate or can be added on the top of the TDMA based approach is frequency-division multiple access (FDMA). For passive devices, one of the easy and straightforward approaches to implement frequency division is to rely on the switching frequency of the impedance matching circuit. This adds shifts to the frequency with which the device backscatters [7]. These switching frequency shifts can bring in frequency division multiplexing among passive devices without adding device complexity. Configuring FDMA in active devices however need to be studied further. If dynamic configuration cannot be performed, an alternate possibility to implement FDMA on active devices might be to rely on the device hardware offset (e.g., carrier frequency offset).

[image: ]
Figure 2: Carrier wave with backscattered signals

[bookmark: _Toc159244316]For passive A-IoT devices, adopting an FDMA-based scheme for passive A-IoT devices by modulating the switching frequency of the impedance matching circuit does not entail additional device complexity.
[bookmark: _Toc159244317]For active A-IoT devices, the best strategy to implement FDMA – either dynamically by over the air configuration or by relying on the device-specific hardware offsets (for example, carrier frequency offset) – needs to be studied.
Note that the FDMA approach here, especially for passive A-IoT devices can also be made OFDM compatible without additional complexity. For this, the only constraint that needs to be implemented is to modulate the passive device switch to modulate at a rate equal to a scalar multiple of the OFDM subcarrier spacing [8]. For instance, if the subcarrier spacing is ∆𝑓 and the backscatter device switches at a rate equal to ∆𝑓, then the impinging backscattered reflection for an OFDM subcarrier is frequency-translated with two images in the frequency domain at a frequency offset of ± relative to the incident signal as shown in Figure 2. With this approach, backscatter reflections are created at frequencies orthogonal to the impinging carrier. This can be extended to accommodate multiple devices by providing switching rates equal to different scalar multiples of OFDM subcarrier spacing ∆𝑓, 2∆𝑓 etc.
[bookmark: _Toc159244318]For enabling multiple access while remaining NR OFDM compatible, the switching frequency of the passive A-IoT device can be configured at a rate equal to an integer multiple of the OFDM subcarrier spacing.
A promising approach for implementing a scalable design in A-IoT seems to be to rely on a combination of FDMA as well as TDMA. To verify this assumption, let’s assume a total UL channel bandwidth BWsys comprising of N PRBs allocated for Ambient IoT device operation. Let BWdevice represent the UL bandwidth that is allocated per device.

Example 1: Active devices
If active devices are considered, then the total number of devices that can be supported over FDMA is calculated in the following way:
Nactive = BWsys / BWdevice
This also means that in to support 471-11781 devices (calculated based on the assumption of a 10-50m cell radius), the total number of time-domain transmit occasions required can be anywhere from 471/Nactive to 11781/Nactive. For example, for a channel bandwidth of 10 PRBs (1.8 MHz usable channel bandwidth), if an UL bandwidth of 15 kHz is allocated per device (assuming 15 kHz subcarrier spacing and sub-PRB allocation), the number of active devices that can be multiplexed over FDMA (Nactive) is equal to 120. This means for supporting 471-11781 devices in a cell, around 4-99 transmit occasions are needed. Considering a data rate of 5 kbps, and a packet size of 500 bits (transmit occasion size calculated as 0.1 s), inventorying all the devices can take a time duration in the order of 0.4 s to 9.9 s. 
[bookmark: _Toc159244319]Active devices of high device density (150 devices per 100 m2) can be effectively multiplexed over a cell of 10-50m radius by following a combination of FDMA and TDMA based approach.
Note that this can be lowered further in a practical deployment where a subset of devices is accessed at once. For instance, procedures like Select in the traditional RFID literature allows this subset selection, which significantly cuts down the total devices to be accessed at once, subsequently cutting down the total number of transmission occasions required.

Example 2: Passive devices with single-tone transmission
For passive devices, this calculation is dependent on whether the carrier wave for transmission is a single- or multi-tone signal. For instance, in the above case, if a single-tone carrier is used and the devices are configured to respond on a frequency band that is the integer multiple of subcarrier spacing, then the backscatter reflection gets frequency-translated with two images in the frequency domain as shown in Figure 2. In such a case, the number of devices that can operate in parallel over FDMA is calculated in the following way:
Npassive = (Total number of subcarriers - 1) / 2
For example, for a channel bandwidth of 1.8 MHz (10 PRBs), number of passive devices which can communicate in parallel over FDMA is calculated as:
Npassive = (10*12 - 1) / 2 = 59 
For supporting 471-11781 devices in a cell in this case, number of transmit occasions required is around 8-200. Considering a data rate of 5 kbps, and a packet size of 500 bits (transmit occasion size calculated as 0.1 s), inventorying all the devices can take 0.8 s to 20 s.

Example 3: Passive devices with multi-tone transmission
Multi-tone carrier signal comes with the benefits of improved frequency diversity and reliability, but at the cost of reduced scalability. For instance, assume a case where NCW active subcarriers are present. If the passive devices are configured to respond on a frequency band that is the integer multiple of subcarrier spacing, then the backscatter reflections frequency-translated with two images are present relative to every carrier.
This means NCW*2*Npassive number of subcarriers are required just to accommodate Npassive number of devices in parallel over FDMA.

[image: ]
Figure 3: NCW active subcarriers correspond to 2* NCW backscatter reflections from one device.

Based on this, the number of passive devices that can be accommodated over FDMA in a multi-carrier scenario is calculated as:
Npassive = (Total number of subcarriers - NCW) / 2 * NCW
For example, for a channel bandwidth of 1.8 MHz (10 PRBs), number of passive devices which can communicate in parallel over FDMA is calculated as:
Npassive = (10*12 - 2) / 4 = 29 
For supporting 471-11781 devices in a cell in this case, with 2 subcarriers number of transmit occasions required is around 17-407. Considering a data rate of 5 kbps, and a packet size of 500 bits (transmit occasion size calculated as 0.1 s), inventorying the devices can take 1.7 s to 40.7 s.

Finally, we make the following observation and proposal:
[bookmark: _Toc159244320]Passive devices of high device density (150 devices per 100 m2) can be effectively multiplexed over a cell of 10-50m radius by following a combination of FDMA and TDMA based approach.
[bookmark: _Toc159244334]For both passive and active IoT devices, adopt an approach that combines FDMA and TDMA schemes to allow for good multiple access scalability.
3	Conclusion
In this contribution, we present our views on the general aspects of physical layer design for Rel-19 Ambient IoT (A-IoT).
In the previous sections we made the following observations: 
Observation 1	To meet the complexity, cost, and peak power consumption requirements, A-IoT devices are not expected to support OFDM transceivers used in traditional UEs.
Observation 2	The new A-IoT waveforms should be compatible with the OFDM-based architecture used in legacy networks to ensure seamless integration within the NR transceiver.
Observation 3	The physical layer design for A-IoT should enable multiple access from a large number of A-IoT devices.
Observation 4	For DL, a TDMA-based scheme can be considered for A-IoT devices.
Observation 5	Adopting a DFSA based UL multiple access scheme for A-IoT may not offer additional scalability over existing RFID systems.
Observation 6	For passive A-IoT devices, adopting an FDMA-based scheme for passive A-IoT devices by modulating the switching frequency of the impedance matching circuit does not entail additional device complexity.
Observation 7	For active A-IoT devices, the best strategy to implement FDMA – either dynamically by over the air configuration or by relying on the device-specific hardware offsets (for example, carrier frequency offset) – needs to be studied.
Observation 8	For enabling multiple access while remaining NR OFDM compatible, the switching frequency of the passive A-IoT device can be configured at a rate equal to an integer multiple of the OFDM subcarrier spacing.
Observation 9	Active devices of high device density (150 devices per 100 m2) can be effectively multiplexed over a cell of 10-50m radius by following a combination of FDMA and TDMA based approach.
Observation 10	Passive devices of high device density (150 devices per 100 m2) can be effectively multiplexed over a cell of 10-50m radius by following a combination of FDMA and TDMA based approach.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Prioritize A-IoT physical layer solutions with numerologies compatible with NR OFDM with 15 kHz SCS.
Proposal 2	RAN1 focuses on NR in-band and standalone deployment modes in the Rel-19 A-IoT SI.
Proposal 3	Clarify whether an A-IoT deployment can simultaneously support more than one of the A-IoT device types (A+, B, C-) in the same cell/carrier/BS.
Proposal 4	Study different options for maximum A-IoT channel bandwidth, considering factors such as coverage requirements, power consumption, device complexity, and regulatory constraints, while ensuring compatibility with NR.
Proposal 5	To facilitate coexistence with NR, select A-IoT channel bandwidths and A-IoT signal bandwidths to be integer multiples of NR resource block bandwidths or at least integer multiples of the (15-kHz) NR subcarrier spacing.
Proposal 6	RAN1 studies waveforms and modulations for DL and UL for both passive and active A-IoT devices that can be generated or processed using conventional OFDM-based radio equipment in the BS/UE. Specifically, we propose to study the following:
· In DL for both active and passive devices, synthesized variations of OFDM signals such that the A-IoT DL receiver is able to perform low complexity processing to demodulate OOK-like, ASK-like, or FSK-like modulation.
· In UL for active devices, variants of continuous phase modulation with favorable spectral characteristics that are friendly for low-complexity transmitters at the A-IoT devices and BS/UE receivers optimized for OFDM-based reception, for example CPFSK or GFSK.
· In UL for passive devices, backscattered (single-tone or multi-tone) waveforms and (OOK-like, ASK-like, PSK-like, or FSK-like) modulations that are friendly for BS/UE receivers optimized for OFDM-based reception.
· In addition, line coding techniques (e.g., NRZ, Manchester, Miller, FM0) can be considered.
Proposal 7	For each device type, study DL coding schemes with low-complexity decoding, e.g., conventional CC.
Proposal 8	For each device type, study UL coding schemes with low-complexity encoding, e.g., TBCC and repeat-accumulate (RA) codes.
Proposal 9	RAN1 to discuss whether CRC is needed for A-IoT and suitable CRC lengths (e.g., 8 or 16 bits).
Proposal 10	For both passive and active IoT devices, adopt an approach that combines FDMA and TDMA schemes to allow for good multiple access scalability.
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