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1. Introduction
In RAN1#116bis, following agreements were made on the carrier-wave waveform/transmission for Ambient IoT in Rel-19 [1].

	Agreement
For CW waveform for D2R backscattering, multiple unmodulated single-tone is studied compared to single-tone in R19 SI.
· Two unmodulated single-tones as a starting point
· FFS: Other number of tones
· FFS: how large gap is needed between tones

Agreement
For CW waveform for D2R backscattering, contiguous multi-tone OFDM signal is not studied in R19 SI.

Agreement
Study at least the following characteristics of unmodulated single-tone and multiple unmodulated single-tone CW waveforms for backscattering:
· For D2R 
· Reception performance
· Spectrum utilization of backscattered signal corresponding to the CW waveforms
· CW interference suppression at D2R receiver
· Including complexity and CW cancellation capability value/range (if any) 
· For scenarios ’A1’, ’A2’ and ’B’
· Relative complexity of CW generation



In this paper, we discuss and provide our observations/consideration points on the carrier-wave waveform/transmission for Ambient IoT operation, with joint consideration of topology/deployment for reader/device/carrier-wave (i.e., CW) node and FDD spectrum combination for R2D/D2R/CW transmission. (Hereafter, Ambient IoT, carrier-wave, intermediate node are simply denoted as “AmIoT”, “CW”, “IN”, respectively)

2. Discussion

2.1. Waveform of carrier-wave for Ambient IoT
Regarding the waveform of CW transmission for AmIoT operation, it was agreed in RAN1#116 that multi-tone waveform for CW for D2R backscattering can be studied on top of single-tone waveform which was agreed as a candidate waveform for CW for D2R backscattering. The multi-tone waveform could be beneficial not only for overcoming frequency selective fading but also for energy harvesting in AmIoT devices. On the other hand, the frequency selective fading could also be overcome by frequency hopping of single-tone CW transmission, which would be more feasible for self-interference (SI) cancelation, especially at the IN UE in Topology 2. Besides, considering D2R backscattering transmission with frequency shift from CW frequency, CW transmission using multi-tone would decrease the number of frequency shift values available for supporting FDMA of multiple devices. 

Proposal #1: Consider the followings for the waveform of CW transmission for AmIoT operation, for the aspects of SI cancelation complexity (especially at IN UE), multi-device multiplexing (FDMA) capacity, and energy harvesting (at device).
· Single-tone CW as baseline for D2R backscattering
· Multi-tone CW for the purpose of energy harvesting

Regarding the multi-tone CW, it was agreed in RAN1#116bis to study multiple unmodulated single-tones (two tones as baseline). To arrange/configure the set of single-tones for composition of multi-tone CW (as well as for single-tone CW with frequency hopping (FH)) and associated set of frequency shift (i.e., F-shift) values for multi-device multiplexing (FDMA) of D2R (backscattering) transmission, how to compose D2R channels (i.e., D2R channelization) may need to be studied/discussed together with consideration of tone interval (for performance/complexity of multi-tone CW), D2R multiplexing (among devices with different F-shift), and unified design (between single-tone CW and multi-tone CW). Specifically for the D2R channelization, following two alternatives can be considered and studied.

· Alt 1: two tones for multi-tone CW are defined/configured within a same channel (i.e. two CW tones per channel, as shown in Figure 1)
· In this case, the reader would simultaneously transmit two tones within one channel for multi-tone CW transmission.
· For (FH-based) single-tone CW, one of two CW tones defined/configured in a channel would be used or different channel structure additionally designed for containing only single-tone would be applied.
· Alt 2: two tones for multi-tone CW are defined/configured in different channels (i.e., single CW tone per channel, as shown in Figure 2)
· In this case, the reader would simultaneously transmit two channels each of which has single tone for multi-tone CW transmission.
· For FH-based single-tone CW, the reader would transmit one channel at a time, and the transmitted channel would be changed periodically.
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Figure 1: An example of D2R channelization based on Alt 1
(F_c1 is 1st CW tone in channel #n and F_b11 and F_b12 are 1st and 2nd F-shifts associated with F_c1 respectively, 
F_c2 is 2nd CW tone in channel #n and F_b21 and F_b22 are 1st and 2nd F-shifts associated with F_c2 respectively)
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Figure 2: An example of D2R channelization based on Alt 2
(F_c1 is CW tone in channel #n and F_b11 and F_b12 are 1st and 2nd F-shifts associated with F_c1 respectively, 
F_c2 is CW tone in channel #n+1 and F_b21 and F_b22 are 1st and 2nd F-shifts associated with F_c2 respectively)

First of all, in case of Alt 1, size of a channel requires to be determined (to be large compared to Alt 2) by considering tone interval to guarantee performance (due to frequency selectivity) and complexity (to cancel self-interference) of D2R reception as well as associated set of F-shift values. Moreover, considering CW type switching (between single-tone CW and multi-tone CW) according to channel condition, the channel size and/or channel structure (e.g. CW tone frequency within the channel) may need to be different according to the CW type. On the other hand, in case of Alt 2, channel size and/or channel structure would not be required to be different according to the CW type since multi-tone CW (or FH-based single-tone CW) transmission could be done by multi-channel transmission (or hopping across different channels). In addition, for both two alternatives, whether a CW tone and associated F-shift values can be provided/configured within a same channel (e.g. in-channel backscattering), or a CW tone and associated F-shift values (or different F-shift values) can be provided/configured in different channels (e.g. alternative-channel or channel-boundary backscattering), may also need to be studied/discussed.

Proposal #2: Consider D2R channelization in terms of arranging/configuring the set of tones for composition of multi-tone CW (as well as for FH-based single-tone CW) and associated set of F-shift values for multi-device multiplexing (FDMA) of D2R (backscattering) transmission, including the following aspects:
· Whether two tones for multi-tone CW are defined/configured within a same channel (i.e. two CW tones per channel), or two tones for multi-tone CW are defined/configured in different channels (i.e., single CW tone per channel)
· Whether a CW tone and associated F-shift values can be provided/configured within a same channel, or a CW tone and associated F-shift values (or different F-shift values) can be provided/configured in different channels

Furthermore, it can be considered that the tone interval for multi-tone CW (and interval between associated F-shift values) would be different according to D2R data rate (i.e., BW) and/or device type (i.e., 1 or 2a) considering D2R performance with SI cancelation (e.g. larger tone interval for higher data rate). Besides, it can also be considered that supported CW type (i.e., single-tone CW only or both of single-tone CW and multi-tone CW) would be different according to D2R data rate and/or device type considering D2R spectrum utilization and/or device target coverage.

2.2. R2D/CW/D2R transmissions in Topology 1
Regarding the Topology 1 where gNB would operate as the reader for AmIoT operation, according to the evaluation discussion, both FDD DL band and FDD UL band are being considered for R2D transmission. In addition, for CW and D2R transmission, both two bands are considered in case with the inside topology CW while only UL band is considered in case with the outside topology CW. In this section, according to deployment of the reader/CW node and FDD spectrum combinations for R2D/CW/D2R transmission, some observations/consideration points are provided.

■ D1T1-A1: Inside topology CW & different reader for R2D/CW and D2R
[image: ]
· Deployment
· “R1” is the reader for R2D/CW transmission, “R2” is the reader for D2R reception, and “D” is AmIoT device.
· Use case and observations
· D2R coverage can be supported with R2 which is close to D.
· SI cancelation is not required in R1 while cross-link interference (CLI) (between CW and D2R) may need to be handled in R2.
· Time delay for forwarding of the received D2R signal/channel from R2 to R1 is required (for example, D2R random access signal/channel (from device) received in R2 needs to be forwarded to R1 for transmitting R2D random access response to the device).
· This would be impacted to D2R-to-R2D timing gap.
· Adjustment of CW/D2R timing might be needed between R1 and R2.
· Spectrum combinations for R2D and CW/D2R
· Combination 1: R2D in DL band + CW/D2R in DL band (Case 1-1 in RAN1#116 agreement)
· On the D2R transmission by device in DL band, regulation issue need to be checked.
· Combination 2: R2D in DL band + CW/D2R in UL band (Case 1-2 in RAN1#116 agreement)
· On the CW transmission by gNB in UL band, regulation issue need to be checked.
· Time delay for frequency retuning between R2D transmission (in DL band) and D2R transmission (in UL band) is required.
· This would be impacted to R2D-to-D2R and D2R-to-R2D timing gap.
· Combination 3: R2D in UL band + CW/D2R in DL band (Case 1-1)
· On both the R2D transmission by gNB in UL band and the D2R transmission by device in DL band, regulation issue need to be checked.
· Time delay for frequency retuning between R2D transmission (in UL band) and D2R transmission (in DL band) is required.
· This would be impacted to R2D-to-D2R and D2R-to-R2D timing gap.
· Combination 4: R2D in UL band + CW/D2R in UL band (Case 1-2)
· On the R2D/CW transmission by gNB in UL band, regulation issue need to be checked.

Observations on D1T1-A1: (inside topology CW & different reader for R2D/CW and D2R)
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· D2R coverage can be supported with R2 which is close to D.
· SI cancelation is not required in R1 while CLI may need to be handled in R2.
Proposal #3: Consider the followings for supporting D1T1-A1:
· Time delay for forwarding of the received D2R signal/channel from R2 to R1
· Adjustment of CW/D2R timing between R1 and R2
· Time delay for frequency retuning between R2D and D2R in different bands

■ D1T1-A2: Inside topology CW & same reader for R2D/CW and D2R
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· Deployment
· “R” is the reader for both R2D/CW transmission and D2R reception.
· Use case and observations
· There is no D2R coverage issue with R.
· But SI cancelation is required in R, therefore D2R backscattering with frequency shift by device could make the SI cancelation more feasible/reliable.
· Spectrum combinations for R2D and CW/D2R
· Same as D1T1-A1 case in above

Observations on D1T1-A2: (inside topology CW & same reader for R2D/CW and D2R)
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· There is no D2R coverage issue with R, but SI cancelation is required in R.
Proposal #4: Consider the following for supporting D1T1-A2:
· D2R backscattering transmission with frequency shift (for SI cancelation in R)

■ D1T1-B: Outside topology CW & same reader for R2D and D2R
[image: ]
· Deployment
· “R” is the reader for both R2D transmission and D2R reception, “CW” is a separate node for CW transmission.
· Use case and observations
· There is no D2R coverage issue with R.
· SI cancelation is not required while CLI may need to be handled in R.
· Adjustment of CW/D2R timing might be needed between R and CW node.
· Spectrum combinations for R2D and CW/D2R
· Combination 1: R2D in DL band + CW/D2R in UL band (Case 1-4 in RAN1#116 agreement)
· On the CW transmission by CW node in UL band, regulation issue need to be checked.
· Time delay for frequency retuning between R2D transmission (in DL band) and D2R transmission (in UL band) is required.
· This would be impacted to R2D-to-D2R and D2R-to-R2D timing gap.
· Combination 2: R2D in UL band + CW/D2R in UL band (Case 1-4)
· On the R2D/CW transmission by gNB/CW node in UL band, regulation issue need to be checked.

Observations on D1T1-B: (outside topology CW & same reader for R2D and D2R)
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· There is no D2R coverage issue with R.
· SI cancelation is not required while CLI may need to be handled in R.
Proposal #5: Consider the followings for supporting D1T1-B:
· Adjustment of CW/D2R timing between R and CW node

2.3. R2D/CW/D2R transmissions in Topology 2
Regarding the Topology 2 where IN (UE) would operate as the reader for AmIoT operation, according to the evaluation discussion, only UL band is being considered for R2D transmission. In addition, for CW and D2R transmission, only UL band is considered in case with the inside topology CW while both DL band and UL band are considered in case with the outside topology CW. In this section, according to deployment of the reader (IN UE)/CW node and FDD spectrum combinations for R2D/CW/D2R transmission, some observations/consideration points are provided.

■ D2T2-A1: Inside topology CW & different IN (UE) for R2D/CW and D2R
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· Deployment
· “R1” is the IN UE for R2D/CW transmission, “R2” is the IN UE for D2R reception, and “D” is AmIoT device.
· Use case and observations
· D2R coverage can be supported with R2 which is close to D.
· SI cancelation is not required in R1 while intra-UE collision between AmIoT transmission/ reception and NR transmission/reception, may need to be handled in R1 and R2.
· Time delay for forwarding of the received D2R signal/channel from R2 to R1 is required (for example, D2R random access signal/channel (from device) received in R2 needs to be forwarded to R1 for transmitting R2D random access response to the device).
· This would be impacted to D2R-to-R2D timing gap (and the value could be different from the above D1T1-A1 case).
· Adjustment of CW/D2R timing between R1 and R2 might be needed (and it may need to be managed by gNB).
· Spectrum combinations for R2D and CW/D2R
· Combination 1: R2D in UL band + CW/D2R in UL band (Case 2-2 in RAN1#116 agreement)
· There would be no regulation issue (similar with SL operation).
· Intra-UE TX-TX collision between R2D/CW transmission and NR UL transmission may need to be handled in R1.
· Intra-UE RX-TX collision between D2R reception and NR UL transmission may need to be handled in R2.
· Intra-UE RX-RX collision between D2R reception (in UL band) and NR DL reception (in DL band) may need to be handled in R2 (according to IN UE capability).

Observations on D2T2-A1: (inside topology CW & different IN (UE) for R2D/CW and D2R)
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· D2R coverage can be supported with R2 which is close to D.
· SI cancelation is not required in R1 while intra-UE collision may need to be handled in R1/R2.
[bookmark: _Hlk163209242]Proposal #6: Consider the followings for supporting D2T2-A1:
· Time delay for forwarding of the received D2R signal/channel from R2 to R1
· Adjustment of CW/D2R timing between R1 and R2 (managed by gNB)
· Handling on intra-IN UE collision between AmIoT transmission and NR transmission
· TX-TX collision between R2D/CW TX and NR UL TX (both in UL band) in R1
· RX-TX collision between D2R RX and NR UL TX (both in UL band) in R2
· RX-RX collision between D2R RX (in UL band) and NR DL RX (in DL band) in R2

■ D2T2-A2: Inside topology CW & same IN (UE) for R2D/CW and D2R
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· Deployment
· “R” is the IN UE for both R2D/CW transmission and D2R reception.
· Use case and observations
· There is no D2R coverage issue with R.
· But SI cancelation is required in R, therefore D2R backscattering with frequency shift by device could make the SI cancelation (especially in IN UE) more feasible/reliable.
· Intra-UE collision (between AmIoT and NR) may need to be handled in R.
· Spectrum combinations for R2D and CW/D2R
· Same as D2T2-A1 case in above

Observations on D2T2-A2: (inside topology CW & same IN (UE) for R2D/CW and D2R)
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· There is no D2R coverage issue with R, but SI cancelation is required in R.
· Intra-UE collision may need to be handled in R.
Proposal #7: Consider the following for supporting D2T2-A2:
· D2R backscattering transmission with frequency shift (for SI cancelation in R)

■ D2T2-B: Outside topology CW & same IN (UE) for R2D and D2R
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· Deployment
· “R” is the IN UE for both R2D transmission and D2R reception, “CW” is a separate node for CW transmission.
· Use case and observations
· There is no D2R coverage issue with R.
· SI cancelation is not required while intra-UE collision may need to be handled in R.
· Adjustment of CW/D2R timing between R and CW node might be needed (and it may need to be managed by gNB).
· Spectrum combinations for R2D and CW/D2R
· Combination 1: R2D in UL band + CW/D2R in DL band (Case 2-3 in RAN1#116 agreement)
· On the CW/D2R transmission by CW node/device in DL band, regulation issue need to be checked.
· Intra-UE TX-TX collision between R2D and NR UL and RX-RX collision between D2R and NR DL may need to be handled in R.
· Time delay for frequency retuning between R2D transmission (in UL band) and D2R transmission (in DL band) is required.
· This would be impacted to R2D-to-D2R and D2R-to-R2D timing gap.
· Combination 2: R2D in UL band + CW/D2R in UL band (Case 2-4 in RAN1#116 agreement)
· There would be no regulation issue (similar with SL operation).
· Intra-UE TX-TX collision between R2D and NR UL, RX-TX collision between D2R and NR UL, and RX-RX collision between D2R and NR DL may need to be handled in R.

Observations on D2T2-B: (outside topology CW & same IN (UE) for R2D and D2R)
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· There is no D2R coverage issue with R.
· SI cancelation is not required while intra-UE collision may need to be handled in R.
Proposal #8: Consider the followings for supporting D2T2-B:
· Adjustment of CW/D2R timing between R and CW node (managed by gNB)
· Time delay for frequency retuning between R2D and D2R in different bands
· Handling on intra-IN UE collision between AmIoT transmission and NR transmission
· TX-TX collision between R2D TX and NR UL TX 
· RX-TX collision between D2R RX and NR UL TX 
· RX-RX collision between D2R RX and NR DL RX 

2.4. Coexistance/multiplexing of multiple devices
Considering coexistence between device type 1/2a (operating with D2R backscattering transmission) and device type 2b (operating with D2R active transmission), it is desirable for system resource and operation efficiency to adopt same topology/deployment/spectrum (in terms of R2D/CW/D2R transmissions) for all device types 1/2a/2b (for example, combination of FDD spectrum (e.g. DL band or UL band) used for R2D transmission and CW/D2R transmission needs to be the same for all the device types).

Proposal #9: Consider same topology/deployment/spectrum (in terms of R2D/CW/D2R transmissions) for all device types 1/2a/2b. 

Moreover, considering collision between multiple devices (for example, D2R random access signal/channel and/or the corresponding R2D response in random access procedure with large number of devices), it is desirable for system efficiency and operation latency to support FDMA/TDMA multiplexing between the multiple devices. For example, FDMA can be supported by assigning different set/range of frequency shift (i.e., F-shift) values for the D2R (backscattering) transmission between device type 1/2a and 2b or between different F-shift capabilities. For another example, TDMA can be supported by assigning different D2R-to-R2D timing and/or R2D-to-D2R timing between device type 1/2a and 2b or between different F-shift capabilities.

Proposal #10: Consider to support multiplexing between multiple devices (e.g. between device type 1/2a and 2b or between different frequency shift (i.e., F-shift) capabilities) as the following.
· FDMA by assigning different set/range of F-shift values for D2R (backscattering) transmission
· TDMA by assigning different D2R-to-R2D timing and/or R2D-to-D2R timing

3. Conclusions
In this contribution, we discussed on CW waveform/transmission for AmIoT operation with consideration of topology/deployment/spectrum for R2D/CW/D2R transmissions, and the following observations and proposals are provided:

Proposal #1: Consider the followings for the waveform of CW transmission for AmIoT operation, for the aspects of SI cancelation complexity (especially at IN UE), multi-device multiplexing (FDMA) capacity, and energy harvesting (at device).
· Single-tone CW as baseline for D2R backscattering
· Multi-tone CW for the purpose of energy harvesting

Proposal #2: Consider D2R channelization in terms of arranging/configuring the set of tones for composition of multi-tone CW (as well as for FH-based single-tone CW) and associated set of F-shift values for multi-device multiplexing (FDMA) of D2R (backscattering) transmission, including the following aspects:
· Whether two tones for multi-tone CW are defined/configured within a same channel (i.e. two CW tones per channel), or two tones for multi-tone CW are defined/configured in different channels (i.e., single CW tone per channel)
· Whether a CW tone and associated F-shift values can be provided/configured within a same channel, or a CW tone and associated F-shift values (or different F-shift values) can be provided/configured in different channels

Observations on D1T1-A1: (inside topology CW & different reader for R2D/CW and D2R)
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· D2R coverage can be supported with R2 which is close to D.
· SI cancelation is not required in R1 while CLI may need to be handled in R2.
Proposal #3: Consider the followings for supporting D1T1-A1:
· Time delay for forwarding of the received D2R signal/channel from R2 to R1
· Adjustment of CW/D2R timing between R1 and R2
· Time delay for frequency retuning between R2D and D2R in different bands

Observations on D1T1-A2: (inside topology CW & same reader for R2D/CW and D2R)
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· There is no D2R coverage issue with R, but SI cancelation is required in R.
Proposal #4: Consider the following for supporting D1T1-A2:
· D2R backscattering transmission with frequency shift (for SI cancelation in R)

Observations on D1T1-B: (outside topology CW & same reader for R2D and D2R)
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· There is no D2R coverage issue with R.
· SI cancelation is not required while CLI may need to be handled in R.
Proposal #5: Consider the followings for supporting D1T1-B:
· Adjustment of CW/D2R timing between R and CW node

Observations on D2T2-A1: (inside topology CW & different IN (UE) for R2D/CW and D2R)
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· D2R coverage can be supported with R2 which is close to D.
· SI cancelation is not required in R1 while intra-UE collision may need to be handled in R1/R2.
Proposal #6: Consider the followings for supporting D2T2-A1:
· Time delay for forwarding of the received D2R signal/channel from R2 to R1
· Adjustment of CW/D2R timing between R1 and R2 (managed by gNB)
· Handling on intra-IN UE collision between AmIoT transmission and NR transmission
· TX-TX collision between R2D/CW TX and NR UL TX (both in UL band) in R1
· RX-TX collision between D2R RX and NR UL TX (both in UL band) in R2
· RX-RX collision between D2R RX (in UL band) and NR DL RX (in DL band) in R2

Observations on D2T2-A2: (inside topology CW & same IN (UE) for R2D/CW and D2R)
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· There is no D2R coverage issue with R, but SI cancelation is required in R.
· Intra-UE collision may need to be handled in R.
Proposal #7: Consider the following for supporting D2T2-A2:
· D2R backscattering transmission with frequency shift (for SI cancelation in R)

Observations on D2T2-B: (outside topology CW & same IN (UE) for R2D and D2R)
[image: ]
· There is no D2R coverage issue with R.
· SI cancelation is not required while intra-UE collision may need to be handled in R.
Proposal #8: Consider the followings for supporting D2T2-B:
· Adjustment of CW/D2R timing between R and CW node (managed by gNB)
· Time delay for frequency retuning between R2D and D2R in different bands
· Handling on intra-IN UE collision between AmIoT transmission and NR transmission
· TX-TX collision between R2D TX and NR UL TX 
· RX-TX collision between D2R RX and NR UL TX 
· RX-RX collision between D2R RX and NR DL RX 

Proposal #9: Consider same topology/deployment/spectrum (in terms of R2D/CW/D2R transmissions) for all device types 1/2a/2b. 

Proposal #10: Consider to support multiplexing between multiple devices (e.g. between device type 1/2a and 2b or between different frequency shift (i.e., F-shift) capabilities) as the following.
· FDMA by assigning different set/range of F-shift values for D2R (backscattering) transmission
· TDMA by assigning different D2R-to-R2D timing and/or R2D-to-D2R timing

4. References
RAN1 Chair’s Notes, RAN1#116bis
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