[bookmark: _Hlk162618374][bookmark: _Hlk110460279]3GPP TSG RAN WG1 #116b                                             R1-2401977                     
[bookmark: _Hlk162627082]Changsha, China, April 15th – April 19th, 2024

Source:	TCL
[bookmark: Title][bookmark: _Hlk163111464]Title:	Discussion on general aspects of physical layer design for Ambient IoT
[bookmark: Source]Agenda Item:	9.4.2.1
[bookmark: DocumentFor][bookmark: _Hlk157695421]Document for:	Discussion and Decision
1. Introduction
RAN 1#116 has approved several points for further discussion, and the description is given as below [1]:
	Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 
· Depending on what modulation(s) are decided to be studied:
· Study whether/how to handle CP at transmitter/device/design 
· Study other characteristics of the OFDM waveform, e.g.:
· CP-OFDM
· DFT-s-OFDM
· Etc.
· The type of OFDM waveform is transparent to A-IoT device.
Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.
Agreement
A-IoT DL study includes OOK from DL transmitter’s perspective.
· For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M-chip per OFDM symbol transmission, starting from definitions in TR 38.869.
· FFS value(s) of M.
· FFS: Any changes needed from the definitions in TR 38.869.
· FFS: Exact definition of chip
· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.
Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.
Agreement
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.
· Evaluations would be by comparison to this baseline
Agreement
R2D study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target
Agreement
D2R study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target
Agreement
At least the following bandwidths for R2D are defined for the purpose of the study:
· Transmission bandwidth, Btx,R2D from a Reader perspective: The frequency resources used for transmitting R2D
· Occupied bandwidth, Bocc,R2D from a Reader perspective: The frequency resources used for transmitting R2D, and potential guard band
· Bocc,R2D ≥ Btx,R2D
· FFS: Further constraint(s) e.g. Bocc,R2D = Btx,R2D.
· Possible values of each bandwidth are FFS


In this contribution, we will further discuss general aspects of physical layer design for Ambient IoT.  
2. AIoT Downlink
1. 
2. 
2.1 DL waveform and modulation
[bookmark: _Hlk162964965]OFDM as a multi-carrier modulation mechanism has been adopted in LTE and NR system to enhance the overall spectrum efficiency. The FFT block is used at receiver to converted to time domain with IFFT, which becomes a set of complex time-domain samples representing the sum of modulated subcarriers. Assume there are 64 such samples from IFFT output, if replicating the last 1/4 of those samples and put that replicated part in the front, the replicated 16 samples are called as cyclic prefix (CP), which is used to address inter-symbol interference (ISI) and inter-carrier interference (ICI) incurred by hardware clock offset and multipath effect. However, CP may be not identified by AIoT device (e.g., when SCS=15KHz). To tackle the ISI, other methods except for adding CP could to be further studied. AIoT device cannot execute the correlation algorithm to check the R2D OFDM-based signal, which explains the OFDM-based R2D signal is not supported. Similar to the design of low-power wake-up signal, OFDM-based OOK-1 and OOK-4 can be assumed for future study, which has been agreed in RAN 1#116.

RFID has defined the duration of one basic time unit is in the range of 6.25 us to 25us [2]. The user experienced data rate target is in the range of 0.1kbpsto 5kbps for R2D and D2R transmission [3]. As shown in figure 1, Assume that one resource block (RB) carries one bit and 14 symbols within one slot (e.g., 30kHz SCS), modulation order is 1 and coding rate is 1/2, time unit is 6.25us based on RFID, then the M equals 10 if OOK-4 is used and not to consider CP. Here, one chip is one duration of ON-OFF, which equals or less than NR symbol.


Fig.1 Illustration of chip setting
Observation 1: CP may be not identified by device.
Observation 2: AIoT device cannot execute the correlation algorithm to check the R2D OFDM-based signal, which means the OFDM-based R2D signal is not supported.
Observation 3: Assume that one resource block (RB) carries one bit and 14 symbols within one slot (e.g., 30kHz SCS), modulation order is 1 and coding rate is 1/2, time unit is 6.25us based on RFID, then the M equals 10 if OOK-4 is used and not to consider CP
Proposal 1: Discuss other methods to cancel ISI or detection ambiguity without CP
Proposal 2: One chip can be defined as one duration of ON-OFF, which equals or less than one NR symbol.
Proposal 3: Discuss the impact of NR SCS, modulation order, coding rate, time unit, and others on the value of M based OOK-4. 
2.2 DL CRC
During R2D signal transmission in wireless communication, the data integrity is easily interfered by environmental noise, then CRC is used to ensure the validity of R2D signal. Two types have been supported in RFID C1 G2, including CRC-16 and CRC-5. The polynomial of RFID CRC is x^16+x^12+x^5+1 for CRC-16 and x^5+x^3+1 for CRC-5 [3]. AIoT device should verify the integrity of a received R2D signal that use CRC-16 or CRC-5 by using one of the regulated methods, which includes 5 and 16 registers at device side, respectively. Table. I gives the Reader->Tag command and corresponding protection design. It can be discovered that except for query with CRC-5, other command with CRC all are configurated CRC-16. 
Table. I Reader->Tag command and corresponding protection design
	R2D command
	Protection

	Select (like paging)
	CRC-16

	Query (like random access command)
	Unique length and a CRC-5

	Query X with preamble 
	CRC-16

	Query Y with frame-sync
	CRC-16

	QueryReq & QueryAdjust
	Unique length

	ACK
	Unique length

	NAK
	Unique length

	Read/Write/Kill/Lock
	CRC-16

	Access
	CRC-16


In NR, four types including CRC-6, CRC-11, CRC-16 and CRC-24 have been supported. In our views, considering the limited power consumption, CRC-5, CRC-6, CRC-11 and CRC-16 could be supported by device 1, and CRC-5,6,11,16 and 24 could be supported by device 2a and 2b. To conveniently consider the harmonized design with NR, CRC-6 and CRC-16 should be at least support for R2D CRC.
Observation 4: Two types have been supported in RFID C1 G2, including CRC-16 and CRC-5.
Observation 5: Four types including CRC-6, CRC-11, CRC-16 and CRC-24 have been supported in NR.
Observation 6: In RFID, except for query with CRC-5, other command with CRC all are configurated CRC-16.
Observation 7: The higher power consumption will be generated at device side with the increase of number of CRC.
Proposal 4: To conveniently consider the harmonized design with NR, CRC-6 and CRC-16 should be at least support for R2D CRC.
2.3 DL multiple access
In 9.4.1.2 section, we have discussed the filter and envelop detector for device receiver [4]. Filter can be used for extracting different R2D signal being simultaneously sent in adjacent channels, which seems FDM(A) is suitable for AIoT R2D multiple access if filter bandwidth adjustable. However, we think RF filter with adjustable bandwidth is difficult to be configurated for AIoT device 1/2a/2b. In addition, the passband bandwidth of analog filter cannot be ultra-narrow to filter the wanted signal for each device. Also, envelop detector cannot extract the corresponding R2D frequency signal for FDM. Thus, the FDM(A) should not be considered for AIoT R2D multiple access.

Proposal 5: FDM(A) should not be supported in DL random access.
3. AIoT Uplink
3.1 UL waveform
In 9.4.2.4 section, we have discussed advantages/disadvantages of single-tone and multi-tone CW as UL waveform [5]. 
AIoT devices support single-tone waveform due to its ultra-low complexity requirement. Several methods for cancelling self-interference or cross-link interference (CLI) have been concluded in 9.4.2.4, for example, hardware like antenna separation and circulator and interference canceller, frequency shifter to shift the D2R spectrum, signal design. 
In addition, we have discussed the OFDM-based multiple tone as UL waveform. It is difficult to handle the self-interference and CLI by hardware or other methods because of the low synchronization capability and low power consumption of AIoT device. By analyzing, we think it is preferred that non-OFDM-based CW is more suitable for AIoT DL waveform.
Observation 8: It is difficult to handle the self-interference and CLI by hardware or other methods because of the low synchronization capability and low power consumption of AIoT device.
Proposal 6: OFDM-based multi-tone as CW waveform should be down select for future study.
3.2 UL modulation
Many companies have agreed OOK as one of Tx modulation. Here, we further analyze BPSK and 2FSK based on [5].
· For BPSK, there is same power consumption, complexity and return loss as OOK modulation.
· Higher SINR can be observed in BPSK by Miller encoding, which may have the impact on coverage evaluation. 

Proposal 7: BPSK for Tx modulation should be supported for future research and discussion.

For FSK, frequency changing for different bit should be supported to change the frequency of reflection coefficient. Adjusting the capacitance of variable capacitor can change the response frequency of the circuit, which can realize the 2FSK. FSK has better BER performance than ASK. However, large power consumption and large return loss may be generated. In addition, when frequency changing is small, the aliasing between different bit information will generate, which is a challenge for D2R bandwidth. \

Proposal 8: 2FSK should not be supported for device 1 and device 2a because of the larger power consumption, larger return loss and possible aliasing phenomena.
3.3 UL CRC
For CRC-16, a device shall implement both a StoredCRC and a PacketCRC, which is defined in RFID C1G2 gives some description [3]. The StoredCRC is stored in Device ID (e.g., EPC) memory, and it is selectable by a reader using a select command, and is readable by reader using a read command. The PacketCRC is computed and sent by a device during D2R transmission, which can protect the transmitted EPC or device ID, and is neither selectable nor directly readable by a reader. 
Two conditions have been defined for StoredCRC in RFID: 1) when a reader writes or overwrites bits in the EPC and 2) every time the device powers up. The device may store its StoredCRC in volatile or nonvolatile memory. 
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Fig. 2 One tag reply
As shown in Fig.2, when D2R signals are sent by device, the RN 16 is protected by CRC-5 and PC/EPC is protected by CRC-16. To conveniently consider the harmonized design with NR, we think that CRC-6 and CRC-16 should be at least support for D2R CRC.
Observation 9: For CRC-16 used for protecting EPC/PC/XPC in RFID, a device shall implement both a selectable/readable StoredCRC and a non- selectable/non-readable PacketCRC. 
Observation 10: Reader detects device ID and CRC-16 from device in RFID.
Observation 11: Reader receives RN16 and CRC-5 from device in RFID.
Proposal 9: To conveniently consider the harmonized design with NR, CRC-6 and CRC-16 should be at least supported for D2R CRC.
Proposal 10: Discuss the feasibility of StoredCRC and PacketCRC like RFID for AIoT system.
3.4 UL multiple access
FDM has been supported in RFID ISO 18000-3. During one inventory, reader sends specific command to devices, and each device randomly select one channel within assigned channel to response. For AIoT systems, different frequency can be set for different devices to achieve FDM during one same time unit.
Observation 12: FDM has been supported in RFID ISO 18000-3.
Proposal 11: FDM should be supported for UL multiple access.
4. Conclusion
In this contribution, we provide our views on general aspects of physical layer design for Ambient IoT. The observations and proposals are listed as below:
Observation 1: CP may be not identified by device.
Observation 2: AIoT device cannot execute the correlation algorithm to check the R2D OFDM-based signal, which means the OFDM-based R2D signal is not supported.
Observation 3: Assume that one resource block (RB) carries one bit and 14 symbols within one slot (e.g., 30kHz SCS), modulation order is 1 and coding rate is 1/2, time unit is 6.25us based on RFID, then the M equals 10 if OOK-4 is used and not to consider CP
Observation 4: Two types have been supported in RFID C1 G2, including CRC-16 and CRC-5.
Observation 5: Four types including CRC-6, CRC-11, CRC-16 and CRC-24 have been supported in NR.
Observation 6: In RFID, except for query with CRC-5, other command with CRC all are configurated CRC-16.
Observation 7: The higher power consumption will be generated at device side with the increase of number of CRC.
Observation 8: It is difficult to handle the self-interference and CLI by hardware or other methods because of the low synchronization capability and low power consumption of AIoT device.
Observation 9: For CRC-16 used for protecting EPC/PC/XPC in RFID, a device shall implement both a selectable/readable StoredCRC and a non- selectable/non-readable PacketCRC. 
Observation 10: Reader detects device ID and CRC-16 from device in RFID.
Observation 11: Reader receives RN16 and CRC-5 from device in RFID.
Observation 12: FDM has been supported in RFID ISO 18000-3.

Proposal 1: Discuss other methods to cancel ISI or detection ambiguity without CP
Proposal 2: One chip can be defined as one duration of ON-OFF, which equals or less than one NR symbol.
Proposal 3: Discuss the impact of NR SCS, modulation order, coding rate, time unit, and others on the value of M based OOK-4. 
Proposal 4: To conveniently consider the harmonized design with NR, CRC-6 and CRC-16 should be at least support for R2D CRC.
Proposal 5: FDM(A) should not be supported in DL random access.
Proposal 6: OFDM-based multi-tone as CW waveform should be down select for future study.
Proposal 7: BPSK for Tx modulation should be supported for future research and discussion.
Proposal 8: 2FSK should not be supported for device 1 and device 2a because of the larger power consumption, larger return loss and possible aliasing phenomena.
Proposal 9: To conveniently consider the harmonized design with NR, CRC-6 and CRC-16 should be at least supported for D2R CRC.
Proposal 10: Discuss the feasibility of StoredCRC and PacketCRC like RFID for AIoT system.
Proposal 11: FDM should be supported for UL multiple access.
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