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1. [bookmark: _Ref4817]Introduction
In RAN#102 meeting, a new SID on solutions for Ambient IoT (Internet of Things) in NR has been approved [1], in which a new IoT technology whose complexity and power consumption orders of magnitude lower than the existing 3GPP LPWA technologies (e.g. NB-IoT and eMTC), and addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technologies, is recommended for study.
The following RAN1-led objectives have been identified within the General Scope described in the SID:
	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 contribution, we provide our preliminary views on the general aspects of A-IOT physical layer and make proposals.

2. Discussion on general aspects of A-IOT physical layer 
The numerology, waveform/modulation, coding, bandwidth and multiple access issues are discussed in the following.
2.1. Numerology
NR is designed to be deployed in large frequency band range and to meet a broad range of use cases including enhanced Mobile Broadband (eMBB), massive MTC (mMTC), Ultra-Reliable and Low Latency Communications (URLLC), so multiple OFDM numerologies are supported as shown in following table.
Table 1. Supported transmission numerologies from TS38.211 Table 4.2-1
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal



While A-IOT is designed for ultra low complexity and power consumption, the target use cases is focus on rUC1 (indoor inventory) and rUC4 (indoor command) in Rel-19. The design targets and requirements are as follows, [1]
· A coverage target of 10~50m for indoor;
· 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;
· The design target of maximum message size is approximately 1000 bits for both uplink and downlink;
· Two kinds of latency target: longer latency target of 10s and shorter latency target of 1s.
· No, or minimal, specification impact positioning function
· Connection/device density: 150 devices per 100m2 for indoor scenarios.
· Low mobility, e.g.10km/h for indoor scenarios.
The deployment spectrum is focus on FR1 licensed spectrum in FDD. 900MHz is a good choice for golobal FDD spectrum deployment for Ambient-IoT. A common numerology should be considered for such case in order to reduce the standardization work.
Also, the numerology should considering in band deployment when the transmission resources of A-IOT devices are FDM with NR UEs, a single numerology with 15KHz SCS and normal CP is proposed.
Proposal 1: Single numerology with 15KHz and normal CP is supported for A-IOT.

2.2. Waveform/modulation
OFDM is adopted for 4G and NR since it provides high spectrum efficiency, and it is very efficient to support high data rate with wide bandwidth. But OFDM waveform requires high synchronization accuracy, and the channel estimation, FFT/IFFT, ADC/DAC, data buffering requires high implement complexity and power consumption. As a result, it is not suitable for A-IOT.
· Reader-to-device link (i.e., downlink)
The A-IoT device has limited processing complexity and power consumption. OOK can be considered as simplest modulation scheme which has been considered in literature. It is easy to be implemented by envelope detection for downlink reception, to realize ultra-low power consumption and ultra-low complexity. FSK can be considered as parallel OOK receiver if it is easier to be implemented. For PSK, in order to reduce the power consumption, especially for 1uW receiverm, there is no PLL in the receiver. Hence, it would be quite challenging to implement. 
Proposal 2: OOK modulation is used for A-IOT Reader-to-device link.
For downlink, to not change the base station implementation such as reusing OFDM modulator, the Tx waveform studied in LPWUS[2], i.e. multi-carrier (MC)-ASK waveform OOK-1 and OOK-4 that are recommended for WI study can be starting point. The description of OOK-1 and OOK-4 from the TR is copied here.
-	Option OOK-1: Single-bit in 1 OFDM symbol, SCs of LP-WUS are 
-	OOK=1 means all SCs are modulated
-	OOK=0 means all SCs are zero power (from base-band point of view)
[image: ]
-	Option OOK-4: Transform M-bit OOK in time domain 
-	N SCs of OOK-1 are generated by a transformation (DFT/Least square)
-	N’ samples are generated from M-bits 
-	signal modification may or may NOT be used
-	truncation or other additional modification may or may NOT be used, if not used, N is the same as N’
-	N’ can be the same as K
[image: ]
For OOK-1, the downlink chip duration is equal to OFDM symbol length, considering 15KHz SCS, the duration will be 71.43us, this will result in a chip rate of 14kcps. If Manchester coding is used, then the bit rate will be 7kbps, considering some bit repetition if supported, the bit rate will be even lower. Since the user experienced data rate target is, for the uplink and downlink, maximum not less than 5 kbps, OOK-4 is needed in order to achieve higher peak data rate.
Observation 1: OOK-1 may not be sufficient to support a downlink peak data rate higher than 5kbps. OOK-4 for 15kHz SCS is needed in order to support higher peak data rate.
With OOK-4, the chip duration will be 71.43/M us, for example, if M=4, the chip rate will be 56kcps, and 28kbps bit rate for Manchester coding.
Proposal 3: MC-ASK waveform OOK-1 and OOK-4 can be the starting point for A-IOT downlink waveform, whether OOK-1 or OOK-4 is used depending on the downlink data rate.
· Device-to-reader link (i.e., uplink)
For uplink with backscattering, both OOK and PSK can be supported from literature, such as many research activities, RFID specifications and etc. Many of the implementations are focused on OOK for the current mainstream RFID manufacturers, since it is easy to realize. Practical implementation should be considered for PSK modulation.
Proposal 4: OOK modulation is considered as baseline for Ambient-IoT device-to-reader link.
Proposal 5: PSK modulation can be further studied for Ambient-IoT device-to-reader uplink.
[bookmark: _GoBack]
2.3. Coding
· Line code
For downlink, similar as RFID system, Line code can be adopted to assist bit-level synchronization. Both PIE and Manchester can be studied as shown as mature solution from literature. PIE has longer high power duration when bit “1” is transmitted, and the passive tag can benefit from energy harvesting. Manchester is more robust than PIE with same resource utilization. Therefore, if the RF energy harvesting is not considered or separated from the DL command transmission, Manchester may be a better choice for the DL command transmission than PIE. And if the RF energy harvesting is done along with the DL command transmission , PIE is better. Considering different usage of these two line coding, we propose to support one or both of the two coding schemes.
For uplink, there is no need to consider the energy harvesting, reliability and efficiency is more important, so Manchester is better, Miller code and FM0 which are used by RFID can also be considered. 
Proposal 6: Line code can be adopted to assist bit synchronization
· For downlink, support one or both of PIE and Manchester can be considered;
· For uplink, Manchester, Miller code and FM0 can be further analyzed.

Beside the Line code, how to improve the transmission reliability needs to be considered, such as simple repetition or FEC. 
· Bit repetition
Bit repetition is one alternative to improve reliability, for example, with 3 times repetition, “1” is repeated to “111”, and “0” is repeated to “000”. The repeated bit stream is modulated with OOK and transmitted to the tag for downlink or to the gNB/UE for uplink. However, since envelope detection is used for downlink reception, combination may not provide expected gain for the reception, further study is needed. For uplink transmission, the smart receiver can make use of the repetition to improve performance.
Observation 2: Bit repetition is a simple way to improve A-IOT uplink performance, while further study may be needed for downlink.
[image: ]
Figure 1. Bit repetition for A-IOT
· FEC
For downlink, the tag can not perform complex decoding due to its ultra low power consumption and low complexity, FEC is not applicable, and only CRC can be used to check whether the TB is correct received. 
For uplink, the choice of FEC code shall take encoding complexity into consideration. A convolutional encoder consists of k m-stage shift registers containing information symbols and circuits that perform some linear function to generate the codeword n, resulting in a coder (n,k,m), so the complexity can be acceptable if keeping n,k,m small values. And Tail-biting Convolutional Code has been widely used for LTE, with higher efficiency than convolutional code, but the decoding delay and complexity also increases from reader side. Based on abvove, convolutional code can be considered for simple FEC.  
Proposal 7: No FEC code is applied for A-IOT downlink.
Proposal 8: Convolutional Code or Tail-biting Convolutional Code can be further studied for A-IOT uplink.

How to use these coding schemes are summarized in the following table. When FEC is applied for uplink, how to maintain the syncronization from receiver (i.e., reader) side should be considered, unless both FEC and line code is applied. Another alternative is to insert preamble or midamble into the uplink data transmission for synchronization maintainance. Further studies is needed to compare these alternatives. Table 2 is a list of the schemes for consideration.
Table 2. Coding schemes for A-IOT link
	Link 
	coding schemes
	Note

	Reader-to-device, 
Downlink
	Line code, PIE/Manchester
	

	Device-to-reader,Uplink
	alt.1
	Line code, Manchester/Miller code/FM0
	

	
	alt.2a
	FEC (e.g., convolutional code)+Line code
	Both FEC and line code is used.

	
	alt.2b
	FEC (e.g., convolutional code)
	Preamble or midamble are inserted for data transmission.



Proposal 9: The following coding schemes are considered for Ambient IoT,

	Link 
	coding schemes
	Note

	Reader-to-device, 
Downlink
	Line code, PIE/Manchester
	

	Device-to-reader,Uplink
	alt.1
	Line code, Manchester/Miller code/FM0
	

	
	alt.2a
	FEC (e.g., convolutional code)+Line code
	Both FEC and line code is used.

	
	alt.2b
	FEC (e.g., convolutional code)
	Preamble or midamble are inserted for data transmission.



2.4. Bandwidth
The bandwidth of A-IOT design should considering the following aspects,
· The transmission bandwidth should be narrow enough to support a ultra-low complexity A-IOT device;
· The bandwidth should be an integer number of PRBs or subcarriers, so that it can coexist with NR system.
· The bandwidth needs to meet the data rate requirements. As stated in the TR, 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;
For downlink, one RB with SCS=15KHz, 12 subcarriers can be considered as baseline, i.e. 180KHz bandwidth, similar to NB-IOT. Multiple PRBs can also be considered when high data rate is required, with OOK-4 and M be a larger interger than e.g.12 to generate smaller chip duration. And Multiple PRBs with large frequency gap between each other can also be considered to overcome frequency selectivity.
Observation 3: Multiple RBs are useful for high data rate waveform generation or for providing frequency diversity.
Proposal 10: One RB or multiple RBs bandwidth can be studied for downlink transmission.
For uplink, the bandwidth needs to meet the data rate target of no less than 5kbps,and also considering that RFID can support a Backscatter-link frequency (BLF = 1/Tpri = DR/TRcal) up to 640KHz, variable bandwith that is multiple of 15KHz is proposed to coexist with NR transmission. The bandwidth can be derived from the downlink signals and channels.
Proposal 11: Scalable bandwidth that is multiple of 15KHz can be considered for uplink transmission.
When in-band deployment is adopted, and narrow band, i.e. single RB or multiple RBs is used for A-IOT devices, it is very likely that the RF filter bandwidth is large due to ultra low cost and low complexity, and therefore NR transmission around the A-IOT RB(s) will interfere the reception of downlink command in A-IOT devices, how to avoid such interference needs to be studied.
Proposal 12: For in-band deployment of A-IOT with NR, further study how to avoid interference from NR to A-IOT device reception.

2.5. Multiple access 
· Basic multiple access scheme during inventory
In RFID, different tags can use different time slots for communicating with the reader (i.e., TDM is used for tags) as shown in Figure.2. Different devices use different inventory slots for communication with Reader. Such slotted-ALOHA mechanism is simple for 1uW device to work and efficient from literature. For A-IOT, the slotted ALOHA based inventory used in RFID can be taken as starting point. Therefore, TDM is used as the basic multiple access scheme, which means different devices access to the gNB or intermediate UE in a TDM way, e.g in different inventory slots.  
[image: ]
Figure.2 TDM transmission for tags
Proposal 13: For A-IOT, slotted-ALOHA is used as the basic multiple access scheme.
And to improve the inventory efficiency, multiple access within each inventory slot can also be studied.
· Multiple access scheme within each inventory slot
For downlink, all the tags can receive the inventory command, there is no need for multiple access.
For uplink, if multiple tags can response gNB or intermediate UE in the same inventory slot, conflicting rate will be largely reduced, and the inventory efficiency will be improved. Considering that the tag to gNB or intermediate UE link (uplink for simple) transmission will include contention resolution stage(RN16 data) and data transmission stage(e.g. EPC). These two stages can be separately discussed.
1) Contention resolution stage
Within each inventory slot, the tags can further response in sub-slots, i.e. TDM, and this will require the tags to do sub-slot time maintaining. And if some baseband or RF frequency shifter can be implemented at the tag and gNB/UE can filter out different tags’ uplink data, then FDM can be considered. And even CDM(such as Miller code) or NOMA(data transmission overlapped in time/frequency/code/...) can be further studied.
2) Data transmission stage 
Above multiple access scheme can also be applied to data transmission stage. Usually, the data block size is larger than the contention resolution part, then TDM scheme will require the tag to maintain a longer time maintaining than contention resolution stage. And FDM, CDM or NOMA may also have a risk to reduce the uplink transmission efficiency since multiplexing different tags’s data will anyway have a higher SINR requirement for decoding, then as long as one bit in the larger TBS size is miss detected, the whole TB will be meaningless, since no HARQ is supported. Therefore, for data transmission stage, evaluation may be needed to decide whether multiplexing can improve the efficiency. It should also consider proper metrics to evaluate, such as Inventory completion time [s] and Inventory successful rate [%] as shown in [3].
Proposal 14: Further study uplink multiple access scheme within each inventory slot for both Contention resolution and Data transmission stage to improve the inventory efficiency by considering proper evaluation metrics.

3. Conclusion 
In this contribution, we give our initial analysis of A-IOT physical layer design, and the following proposals and observations are made:

Proposal 1: Single numerology with 15KHz and normal CP is supported for A-IOT.
Proposal 2: OOK modulation is used for A-IOT Reader-to-device link.
Observation 1: OOK-1 may not be sufficient to support a downlink peak data rate higher than 5kbps. OOK-4 for 15kHz SCS is needed in order to support higher peak data rate.
Proposal 3: MC-ASK waveform OOK-1 and OOK-4 can be the starting point for A-IOT downlink waveform, whether OOK-1 or OOK-4 is used depending on the downlink data rate.
Proposal 4: OOK modulation is considered as baseline for Ambient-IoT device-to-reader link.
Proposal 5: PSK modulation can be further studied for Ambient-IoT device-to-reader uplink.
Proposal 6: Line code can be adopted to assist bit synchronization
· For downlink, support one or both of PIE and Manchester can be considered;
· For uplink, Manchester, Miller code and FM0 can be further analyzed.
Observation 2: Bit repetition is a simple way to improve A-IOT uplink performance, while further study may be needed for downlink.
Proposal 7: No FEC code is applied for A-IOT downlink.
Proposal 8: Convolutional Code or Tail-biting Convolutional Code can be further studied for A-IOT uplink.
Proposal 9: The following coding schemes are considered for Ambient IoT,
	Link 
	coding schemes
	Note

	Reader-to-device, 
Downlink
	Line code, PIE/Manchester
	

	Device-to-reader,Uplink
	alt.1
	Line code, Manchester/Miller code/FM0
	

	
	alt.2a
	FEC (e.g., convolutional code)+Line code
	Both FEC and line code is used.

	
	alt.2b
	FEC (e.g., convolutional code)
	Preamble or midamble are inserted for data transmission.



Observation 3: Multiple RBs are useful for high data rate waveform generation or for providing frequency diversity.
Proposal 10: One RB or multiple RBs bandwidth can be studied for downlink transmission.
Proposal 11: Scalable bandwidth that is multiple of 15KHz can be considered for uplink transmission.
Proposal 12: For in-band deployment of A-IOT with NR, further study how to avoid interference from NR to A-IOT device reception.
Proposal 13: For A-IOT, slotted-ALOHA is used as the basic multiple access scheme.
Proposal 14: Further study uplink multiple access scheme within each inventory slot for both Contention resolution and Data transmission stage to improve the inventory efficiency by considering proper evaluation metrics.
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