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1 Introduction
According to the chair’s agenda, this feature lead summary will cover discussions on:

· Waveform (R2D; D2R)
· Modulation (R2D; D2R)
· Coding

· Line coding (R2D; D2R), channel coding / repetition (R2D; D2R), CRC (R2D & D2R)
· Multiple access (R2D; D2R)
· Numerology (R2D; D2R)
· Bandwidth (R2D; D2R)
Proposal X.Y(z) is in Section X.Y, where (z) a Roman numeral I, II, III, IV, V, …, is the version of that proposal.
Proposals for online sessions will be added to Section 4 (link).
Decisions are authoritatively in the chair notes, and may be copied into Section 5 (link) from time to time.
Previous meetings’ decisions are in Annex A (link).

1.1 Versions

FLS #1: R1-2403487
2 R2D

2.1 R2D waveform [ACTIVE]
	Agreement RAN1#116
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.


2.1.1 CP handling

The solutions for CP handling submitted to this meeting appear to group into the following two types of method. Companies also list various aspects that need studying in developing the eventual solution.
Proposal 2.1.1(I): For R2D CP handling for OFDM based OOK waveform:
· Orthogonality between A-IoT R2D transmission and NR OFDM transmission is required.

· For potential down-selection, study among the following candidate methods in terms of R2D performance, device complexity and spectrum efficiency

· Method Type 1: Removal of CP at device without specified transmit-side assumptions
· FFS: How device determines the CP location

· FFS: Impact on feasibility of device SFO

· Method Type 2: Ensure the CP insertion of OFDM-based waveform will not introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n.
· OOK chips have equal length after CP insertion

· FFS: relation to M, if any

· FFS: Detail of relationship to line code codewords

· Study of the methods should include e.g.:

· CP impact on R2D timing acquisition and decoding of PRDCH
· Reader implementation complexity
· Interference between R2D and NR DL/UL if in the same NR band
	Company
	Views

	Qualcomm
	Regarding the first bullet:

We suggest to change the wording as “study methods to achieve orthogonality between A-IoT R2D transmission and NR OFDM transmission”. At least for stand-alone operation, orthogonality is not required. We can first study methods and then decide how to support different scenarios such as stand-alone and in-band/guard-band. Also, we wonder if “no shared IFFT for NR OFDM and A-IoT R2D” can be an option. For D2R, anyway it is difficult to support IFFT-based demodulation.
Regarding Method Type 1:
CP lengths are different depending on OFDM symbol index in a subframe. This method type may require A-IoT device to know OFDM symbol index to acquire which OOK samples correspond to the CP part. Suggest to update the first FFS as “FFS: How device determines the CP location and length for each OFDM symbol”
Regarding Method Type 2:
The proposal looks good shape as the starting point.
Regarding the last bullet:
We suggest to update the 2nd sub-bullet to “Reader and device implementation complexities”.



	xiaomi
	We are fine with this proposal.

	vivo 
	We have some clarification questions and suggestions: 

1. What is the assumption of NR and R2D co-existence for 1st bullet ‘Orthogonality between A-IoT R2D transmission and NR OFDM transmission is required’ ? Do we assume R2D and NR co-exists in FDM way? Do we assume a gNB can serve R2D and NR or a gNB only serves one system? What is the relation between 1st bullet and 3rd sub-bullet of last bullet ‘Interference between R2D and NR DL/UL if in the same NR band’ ?
If R2D and NR served by a gNB can only co-exist in TDM way, or a gNB only serves R2D without NR, it seems R2D CP discussion is independent of 1st bullet. 

We think clarification for 1st bullet is needed. Otherwise, it is suggested to remove 1st bullet.  

2. For how to handle CP, we think it is reasonable to also study the method of not adding CP for R2D transmission. As mentioned above, if a gNB only serves R2D at a time, R2D without CP would not impact NR. Therefore, we suggest to add method type 3, no adding CP for R2D.  

3. For method type 1, how to understand ‘without specified transmit-side assumptions? E.g., is the assumption that R2D transmission starts at OFDM symbol boundary/slot boundary a kind of ‘specified transmit-side assumptions’? More detailed description for the specified assumptions would be appreciated.   
For method type 1, in addition to impact of SFO, the complexity for CP removal should also be considered. And also, the relation to M, should be considered, e.g., if the device removes the CP by comparing the interval between adjacent transition edges, the device may not differentiate a CP and a normal chip, if M is large. Therefore, we suggest to add ‘FFS: relation to M, if any’, and add device complexity for last bullet ‘study of the methods should include….’. 
4. For method 2, do we assume same CP insertion as normal NR operation, i.e., adding last a few samples of the OFDM symbol at the beginning of the OFDM symbol, or new CP insertion scheme? 

If ‘OOK chips have equal length after CP insertion’, the OFDM symbol without CP part contains non-integer number of OOK chips, e.g., 3.5 OOK chips, if CP length = 0.5 OOK chips. Then, how to generate these 3.5 OOK chips by OFDM waveform? In our understanding, existing scheme considered in LP-WUS, e.g., DFT-based operation, may not support such case. Therefore, we propose to add one sub-bullet, ‘FFS: how to generate non-integer number of OOK chips by existing OFDM generator if possible’, and we put 1st sub-bullet ‘OOK chips have equal length after CP insertion’ as FFS.
5. For the 3rd sub-bullet for last bullet, in our understanding, interference would be different for different cases for ‘in the same NR band’, e.g., whether same gNB serves both NR and R2D, whether NR and R2D is served in TDM or FDM way. Is this the common understanding?




	OPPO
	· Regarding first bullet “Orthogonality……”, we agree with QC’s comment. In addition to the comment mentioned by QC, furthermore, for topology 2, the R2D is transmitted by intermediate UE. It is hardly for the intermediate UE to perform NR UL and R2D simultaneously. Therefore, there is no necessary to guarantee the orthogonality between NR transmission and R2D transmission. We suggest to remove it. 
· We think the limitation of method 2 “not introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n not introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n” is also applicable to method 1. Either to include it to method 1 also, or take it as standalone bullet which are same level as method 1 or method 2. 
· Similar view as QC for this part: “Reader and device implementation complexities”

	Huawei, HiSilicon
	We don’t see challenge of CP handling at device side, since UHF RFID tag already does similar operation: acquiring timing from clock calibration signal it received and count samples from that acquired timing. 
Thus the necessity of Method 2 should be clarified. It obviously increases unnecessary complexity of the system design and reader implementation.

For the last sub-bullet, we think the interference between R2D and NR is up to RAN4 coexistence work if needed. RAN1 should not address this.


	EURECOM
	The waveform itself should be such that there is no issue at the receiver after CP insertion. For instance, modifying the last OOK symbol to mitigate its impact on the CP.

	Samsung
	We support the principle of this proposal. 

One suggestion is that, according to last meeting’s agreement, whether/how to handle CP is still FFS. We consider it is better to make an agreement that OFDM-based OOK waveform follow same generation procedure as NR DL, thus the necessity of CP handling is confirmed. On top of that, we are open to discuss both options.


2.1.2 OFDM characteristic
Companies make some slightly further proposals about what cases and aspects to study for the OFDM-based waveforms, reflected in this proposal.
Proposal 2.1.2(I)
· Study of DFT-s-OFDM applies to FDD-UL and FDD-DL spectrum

· Study of CP-OFDM applies to FDD-DL spectrum

· Further study necessity and details of pulse shaping for CP-OFDM and DFT-s-OFDM
	Company
	Views

	Qualcomm
	We think the proposal is not necessary. We can directly discuss how to generate OOK-1/4 with OFDM transmitter.

	xiaomi
	Share similar view with QC.

	vivo 
	Though we think unified approach, DFT-s-OFDM is beneficial, we can be open for further study of CP-OFDM, waiting for LP-WUS progress. 

	OPPO
	Similar view with QC. 

	Huawei, HiSilicon
	We are unclear why the R2D waveform is related to spectrum. We would like to suggest simply describe as both DFT-s-OFDM and CP-OFDM can be studied for potential further down selection.

And we think the waveform selection among CP-OFDM and DFT-s-OFDM is more related to M, if M=1, both CP-OFDM and DFT-s-OFDM can work. If M>1, DFT-s-OFDM is preferred. Thus we think there is no necessary to support CP-OFDM. R2D focus on DFT-s-OFDM is enough.


	
	


2.2 R2D modulation [ACTIVE]

	Agreement RAN1#116
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.


2.2.1 M values

A wide range of values is proposed. Only a few have numerous interest, being those up to and including 8. But it is perhaps rather early to downselect, so FL includes a full list to collect views.
Proposal 2.2.1(I): Values of M studied further, for potential down-selection, are: 1, 2, 4, 8, 16, 24, 32.​​​​​​ Study at least the following aspects:
· Impact of SFO

· Data rate and comparison of data rate to other systems

· Device power consumption, complexity
· What association(s) exist between M and BR2D,tx
	Company
	Views

	Qualcomm
	We are OK with the proposal. RAN1 can down select at later stage based on further progress and better understanding on the aspects listed in the proposal.

	TCL
	Ok with this proposal

	xiaomi
	We are fine with this proposal.

	vivo 
	Do we need value 32?
In addition to the listed factors, we think the impact on CP handling should also be added, as discussed under section 2.1.1.  

	Nokia
	Support

	Huawei, HiSilicon
	We think the FLS proposal is a good way to move forward.

Our understanding large M to increase data rate of R2D envelope detection is a key aspect to consider, especially compared to other non-3GPP technologies.



	Futurewei
	Proposal is fine. 

	EURECOM
	We agree with the proposal.

	Samsung
	OK with the principle. We consider the large values e.g. 16/24/32 might be too complicated for A-IoT devices, but in current stage, it is fine to study its feasibility.


2.2.2 Chips
Since it is already agreed there are M chips per OFDM symbol (for an OFDM waveform), 
Proposal 2.2.2a(I): In R2D, chip is a reference duration of a line code codeword
· As previously agreed, this means there are M reference durations in an OFDM symbol, for an OFDM-based waveform.
· The reference duration definition will be studied during discussion on selecting line code(s).
FL refers companies to Section 2.3 for questions on “what is in a reference duration?”.
	Company
	Views

	Qualcomm
	We wonder whether this proposal can be merged to Proposal 2.3a?

	xiaomi
	We are fine with this proposal.

	vivo 
	Fine with the proposal.

	Nokia
	Support

	Huawei, HiSilicon
	OK to discuss along with line code.

	EURECOM
	We don’t see the connection of chip to any kind of code. In our understanding a chip is the duration of the OOK symbol. Also, a line codeword consists of multiple ‘chips’ so it would be more appropriate to say “reference duration within a line codeword”. 

	Samsung
	OK with the proposal


2.2.3 Single / double sideband modulation
Similar as D2R, companies begin considerations of single sideband (1SB) and double sideband (2SB) modulation. Hence FL makes an initial proposal to collect views.

Proposal 2.2.3(I): Study single sideband (1SB) and double sideband (2SB) transmission for D2R. Aspects include:
· Spectral efficiency

· Decoding performance at device, and power consumption, complexity impacts, if any
	Company
	Views

	Qualcomm
	We assume the proposal is for R2D (“for D2R” is supposed to be typo).

We wonder if there is any case where reader is not able to generate 1SB transmission? At least for OOK-1/4 based on OFDM waveform, it must be possible to generate 1SB transmission for R2D.

	TCL
	Does this proposal want to discuss the DSB-ASK or SSB-ASK like RFID? If that, we think SSB should be considered firstly to combine with OFDM-based OOK modulation. 

	xiaomi
	We think the interference impact to NR signal also needs to be studied, so we make the following revision with the blue part:

Proposal 2.2.3(I): Study single sideband (1SB) and double sideband (2SB) transmission for D2R. Aspects include:

· Spectral efficiency

· Decoding performance at device, and power consumption, complexity impacts, if any

· Interference impact to NR signal



	vivo 
	Is it for non-OFDM based waveform? Non-OFDM based waveform means hardware change on existing NR OFDM generator at gNB. The bandwidth of these OOK waveforms based on non-OFDM generator is typically confined in a narrow bandwidth, e.g., several hundreds of kHz, which is not that flexile compared with OOK1/4 generated by OFDM generator.
We think the study should focus on OFDM-based waveform. Therefore, we don’t support this proposal. 



	Huawei, HiSilicon
	1SB can save spectrum resource but requires higher complexity. We think for such a low power consumption/complexity device, the need of study 1SB should be clarified.

	Samsung
	OK with the proposal

	Ericsson
	Is “D2R” (instead of “R2D”) a typo?


2.3 R2D line coding [ACTIVE]

	Agreement RAN1#116
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.


Proposal 2.3a: The study assumes the following codewords:

· For Manchester encoding down-select one from: 

· A: bit 0→ chips{01}, bit 1→chips{10}

· B: bit 1→chips{10}, bit 1→chips{01}

· Reference duration is duration of chip{0} which is equal to duration of chip{1}

· For PIE down-select one from:

· A: bit 0→chips{01}, bit 1→chips{1110}. Reference duration is duration of chip{0} which is equal to duration of chip{1}.
· B: 0→{0}, 1→{10}; followed by {0} → high voltage for one chip, {1} → high-low-high voltage in one chip. Reference duration is a chip duration.
· Note: The SI intends to further down-select between Manchester encoding and PIE.
	Company
	Views

	Qualcomm
	We are OK with the Manchester encoding in the first bullet.
Regarding the second bullet for PIE, we think (1) bit 0 of option A should be chips {10}, (2) how Option B works is not clear.


	TCL
	It is prefer to study Manchester encoding because the self-clocking functionality can be used for replacing the R2D midamble.

	xiaomi
	We are fine with this proposal.

	vivo 
	We are fine with Manchester coding bullet. However, for option B, is it a typo when both bit 1 and bit 1 are mentioned in the option?
We do not support PIE for R2D for reasons provided by many companies.

	Nokia
	Current formulation of Option B for PIE is a bit unclear. The issue for us is how to understand the “followed by”. Assuming we understand FL’s intention correctly, we suggest replacing this with “where”. Maybe this can address Qualcomm’s concern as well?

Furthermore, we wonder if it makes sense to consider two options for the Manchester encoding which should provide identical performance. Wouldn’t it better to consider an option that can detect synchronization error if the tag misses the timing, such as the one proposed below?

We suggest the following modifications.
Proposal 2.3a: The study assumes the following codewords:
· For Manchester encoding down-select one from:

· A: bit 0→ chips{01}, bit 1→ chips{10}

· B: bit 1→chips{1001}, bit 1→chips{1011}

· Reference duration is duration of chip{0} which is equal to duration of chip{1}

· For PIE down-select one from:

· A: bit 0→chips{01}, bit 1→chips{1110}. Reference duration is duration of chip{0} which is equal to duration of chip{1}.

· B: 0→{0}, 1→{10}; where {0} → high voltage for one chip, {1} → high-low-high voltage in one chip. Reference duration is a chip duration.

· Note: The SI intends to further down-select between Manchester encoding and PIE.



	Huawei, HiSilicon
	For Manchester encoding, we support B.

For PIE, we support A.

These options here highlight one of the issues of using PIE as a line code for R2D. Bit ‘0’ and bit ‘1’ are mapped to a different number of chips, resulting in an uncertain transmission length for PIE, unlike in Manchester encoding where the number of chips is the same for both bits. 

Due to the uncertain transmission length in the PIE, the error detection of one information bit may result in the error propagation for the detection of subsequent bit and the error detection of the overall data length.

	Futurewei
	For Manchester, there is no difference between Option A and Option B. Either one is fine. 

For PIE, Option A seems similar to the UHF RFID standards. However, bit 0 is the opposite of the UHF RFID. What is the rationale? 

 

	EURECOM
	Concerning Manchester coding. Both options have the same performance, however, IEEE 802.3 convention is Option B, where the encoding can be implemented as an XOR of the data with the clock. There is a typo in this option B, bit 0 (chips{10}.

Concerning PIE: Option A should be used with corrected typo bit 0(chips{10}



	Samsung
	At first, it might be too detailed and pre-matured to limit encoding options in the current stage. In our view, the targeted performance metrics of R2D encoding should be decided, e.g. 

· Decoding performance and complexity at device side

· Mitigation of DC component

· Support of energy harvesting

· Performance and complexity of CP handling

Based on the different type of design targets, we can further discuss which encoding schemes can/should satisfy which targets, and details of an encoding scheme should be designed for on given target. 

Therefore, in current stage we can list example of encoding scheme design with motivated design target, for example, Manchester encoding design with/without support of energy harvesting, PIE design with/without specific handling of CP, etc., rather than simply list options above and make down-selection.

Furthermore, it needs further study what if multiple design targets cannot be satisfied by a single encoding scheme e.g. PIE cannot mitigate DC and support energy harvesting simultaneously, e.g. which design target is prioritized over others, or how to balance between the different targets.


2.4 R2D FEC / repetition [ACTIVE]

	Agreement RAN1#116
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.

· Evaluations would be by comparison to this baseline


Discussion in Athens was unsure if repetition could be studied, and there is a concrete proposal with evaluation results in this meeting, so this proposal is to clarify that it can be.

Proposal 2.4a(I): Study R2D transmission using repetition at (i) bit level; (ii) chip level. FFS which, if any, are supported.

	Company
	Views

	Qualcomm
	We are fine to study repetition for R2D transmission.

	Xiaomi
	We think OFDM symbol level shall also be the candidate, because time accuracy is low due to SFO impact, which degrades the decoding performance, but larger granularity repetition can mitigate this impact. So we make the following revision with the bule part:

Proposal 2.4a(I): Study R2D transmission using repetition at (i) bit level; (ii) chip level. (iii)OFDM symbol level.FFS which, if any, are supported.



	vivo 
	We think longer chip duration can achieve similar effect of repetition, while it is simpler. Therefore, we don’t support repetition unless well justified for R2D coverage enhancement. 

	Nokia
	Ok

	OPPO
	OK

	Huawei, HiSilicon
	We support studying these repetitions.

	Samsung
	OK with the proposal


Proposals for further study of R2D FEC (being, for this purpose, codes which are not within Proposal 2.4(a)) find little support. What discussion there is asks whether the FEC may apply differently between device 1 and device 2a/2b, but this should be antithetical to a harmonized design.

Proposed conclusion 2.4b(I): Further study of any R2D FEC will be performed only if a proposal is made for FEC which is common to device 1 and 2a and 2b.
	Company
	Views

	Qualcomm
	We do not think further study of R2D FEC should be limited to common FEC for all the device types. No FEC was agreed as a common ground already. The additional discussion on R2D FEC, if any, could be device type-specific.

	xiaomi
	We support this proposal.

	vivo 
	Agree. 

Device 2a/2b specific optimization should be excluded. Only the solution commonly applicable for all device types is necessarily to be studied. We don’t think FEC can be supported by device 1, so FEC should be excluded. 

	Nokia
	Agree with the proposal. We think that it is safe to assume that the reader is not aware of which device type the tag belongs to.

	OPPO
	We also don’t think FEC is applicable to all devices, it can be device specific. Because A-IoT should support unicast. For device 2a or 2b which has higher capability and power, FEC maybe applicable in case of unicast communication. 

	Huawei, HiSilicon
	We still do not see the need for R2D FEC since the receiver sensitivity is not expected to be the bottleneck of the link budget for target coverage, even for device 2b.

Moreover, the complicated arithmetic or logical operations and the requirement of cache memory of a certain size are too complicated to be implemented in device 1.

	Samsung
	OK with the proposal

	Ericsson
	Similar to Qualcomm, we think it is too early to say that all device types should have common FEC.


2.5 R2D and D2R CRC [ACTIVE]

	Agreement RAN1#116
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


FL NOTE: Companies appear to have CRC discussions and proposals in common to R2D and D2R. Hence, FL plans to merge R2D and D2R into this section henceforth.

Vast majority of papers which discuss the issue select from among the CRCs already known to NR. Seems no need to spend more time on that level of downselection.
Proposal 2.5a(I): R2D and D2R CRCs will be studied from among those specified in TS 38.212.
	Company
	Views

	Qualcomm
	We are OK with the proposal.

	TCL
	Okay with this proposal

	xiaomi
	We are fine with this proposal.

	vivo 
	We’re generally fine with the proposal. However, we would like to point out is that in SI phase, it is more important to study the cases with CRC and the cases without CRC, and proper range of CRC length for cases with CRC. 

	Nokia
	Agree with vivo.

	Huawei, HiSilicon
	We support this proposal.

	Samsung
	OK with the proposal


Proceeding for the purpose of this FL summary with an assumption that the intention of Proposal 2.5a(I) is taken, the only two widely supported candidates are CRC-6 and CRC-16. A number of companies want to study a link between CRC length and message length.
Proposal 2.5b(I): Further study is scoped to CRC-6 and CRC-16 from TS 38.212.

· CRC length can be different according to message length. FFS details, e.g. a message length above which / below which CRC16 / CRC-6 respectively is used.
	Company
	Views

	Qualcomm
	We are OK with the main bullet. We suggest to change following: 
CRC length can be different according to message length/type. FFS details, e.g. a message length above which / below which CRC16 / CRC-6 respectively is used.


	TCL
	To conveniently consider the harmonized design with NR, CRC-6 and CRC-16 should be at least support for R2D CRC. We think the length of CRC should be different in terms of device types, TBS and command format.

	xiaomi
	We are fine with this proposal.

	vivo 
	We are fine with CRC-16. For shorter CRC, we can further study the proper length.  

	Huawei, HiSilicon
	We support this proposal.

While the length of the CRC directly impacts the error detection performance, it is important to define the CRC length based on the message length due to the overhead it would cause, specifically for smaller messages. These small messages are expected to be used for the contention-based access handshaking procedure, and a large CRC for such messages would negatively affect the transmission efficiency.

We are fine to further study the actual value of the message lengths for which the respective CRC-6/16 can be used. In our analysis, CRC-6 can be used for message sizes below 24 bits to achieve a good balance between the overhead and error detection performance.

	Samsung
	OK with the proposal


2.6 R2D multiple access [ACTIVE]

FL notes one useful explanation re. “multiplexing” (i.e. the process of combining multiple signals into one signal, over a shared medium) and “multiple access” (i.e. a scheme that enables multiple users to gain access to a wireless network) from Sharp. However, FL thinks both of these apply, since a Reader cannot achieve the latter without the former.

FL would rather not spend time on lecture-notes level discussions, and hence resumes the discussion from the last version in RAN1#116, with some added clarifications based on submissions to this meeting.
Proposal 2.6(I): R2D study, for one reader:

· Includes time-domain scheduling of R2D link by reader

· FFS: Frequency-domain scheduling of R2D link by reader, of multiple Bocc,DL, within an A-IoT system bandwidth, Bsys,R2D, if defined
· NOTE: For the purposes of the study, it is transparent whether the reader supports more than one A-IoT system bandwidth at a time, i.e. they are studied as independent from each other
	Company
	Views

	Qualcomm
	We wonder whether the first bullet of the proposal is to study reader indicating time-domain resource of R2D link (e.g., PRDCH) via a control information to the target A-IoT device? It would be good to clarify this. 



	TCL
	We think the second bullet should consider firstly how to device receive the wanted signal from reader within specific spectrum if device’s filter can not be adjustable.   

	xiaomi
	We support this proposal.

	vivo 
	For FFS bullet, we have several questions: 

1.  ‘multiple Bocc,DL’ seems to imply the Bocc,DL  is defined for a R2D transmission, so if multiple R2D are transmitted by FDMA by one reader, there are multiple Bocc,DL? But according to the definition in last meeting, it is from one reader perspective rather than one R2D transmission perspective. So, clarification on Bocc,DL is needed. 

Does the note mean, FDMed R2D transmissions from one reader does not cause serious interference to devices targeting to receive only one R2D? It is feasible for IF/BB ED, or RF ED with narrow RF filter (we think such case is in impractical), but it is unclear how it works for RF ED without such narrow RF filter. Therefore we propose to clearly capture to assumption of the device type. Maybe we do not need the note to make it simple.

	Nokia
	One of the downsides of referring to “scheduling” is that this word has a very broad meaning. For instance, if we agree on having time-domain scheduling as a baseline and FFS frequency-domain scheduling, does it imply that the frequency domain dimension cannot be part of the scheduler decisions at the Reader? In other words, would we exclude the possibility for the reader to schedule transmissions to different tags in different time instances and different frequency domain resources, e.g., (t1,f1) and (t2,f2)?  
This could have a number of advantages and disadvantages that would need to be studied, of course, but we think it would be good to clarify.

	Huawei, Hisilicon
	TDMA should be supported for R2D link.

The RF-ED receiver is required for Device 1 to achieve the target peak power consumption of ~1 µW. For Device 2a/2b, the RF-ED receiver should also be supported by the air interface design, for the sake of obvious lower power consumption than the IF-ED/ZIF receiver. The RF-ED receiver will shift all the parallel transmissions in the target frequency band to baseband, while RF-BPF, if it exists, is for the filtering of out-of-band interference. The FDMed transmissions will interfere each other in the RF-ED receiver, which leads to failed receiving for all of them. Consequently, FDMA is not appropriate for R2D link.

	Futurewei
	A minor editorial correction: 

· FFS: Frequency-domain scheduling of R2D link by reader, of multiple Bocc,R2D Bocc,DL, within an A-IoT system bandwidth, Bsys,R2D, if defined

Frequency-domain scheduling is challenging for R2D. If it is feasible, then it is applicable for Device 2b with IF-ED and Zero IF receivers, which are still under discussion. 


	ETRI
	Agree with the proposal in general. Not sure the NOTE is required.

	Samsung
	We support time-domain scheduling, but doubt the feasibility of frequency-domain scheduling for R2D link since at least device 1 cannot filter a small bandwidth for its R2D reception. We can agree on first sub-bullet at first and then further discuss whether/how to handle the FDM case.


2.7 R2D numerology

2.7.1 Subcarrier spacing(s) [ACTIVE]
These proposals were not so much discussed in RAN1#116, while they were not particularly controversial. They still represent decidedly the weight of opinion in this meeting, thus FL combines them below.
(previous) Proposal 2.7.1a(II): R2D study includes a subcarrier spacing of 15 kHz, from the reader perspective, for OFDM-based waveform.

(previous) Proposal 2.7.1b(II): R2D study does not include a subcarrier spacing of 30 kHz, from the reader perspective, for OFDM-based waveform.

(previous) Proposal 2.7.1c(II): R2D study does not include subcarrier spacings smaller than 15 kHz, from the reader perspective, for OFDM-based waveform.
Proposal 2.7.1(I): R2D study includes subcarrier spacing of 15 kHz, from the reader perspective, for OFDM-based waveform.

· Inclusion in the study of subcarrier spacing of 30 kHz is FFS.

	Company
	Views

	Qualcomm
	We are fine with the proposal.

	TCL
	Fine with this proposal.

	xiaomi
	We support this proposal.

	vivo 
	Fine with the proposal. 

	Nokia
	Fine with the main sentence.

However, we would like to discuss the conditions that would need to be satisfied to include 30 kHz in the study. We think we should be pragmatic and consider practically relevant deployment aspects, and not simply what we would like to see in the study. In this context, our view is that the inclusion of 30 kHz should not happen unless the A-IoT study includes TDD deployments.

	Huawei, Hisilicon
	Fine with the proposal, can also delete the sub-bullet for the sake of progress.

For R2D, OFDM waveform is introduced for the coexistence with NR/LTE for the guard-band / in-band operation mode, which is expected to share the same subcarrier spacing with the co-band NR. In (almost) all the existing deployments of NR/LTE in FDD spectrum, the subcarrier spacing of 15 kHz is used, considering the robustness against the large multi-path channel delay due to the large ISD in low frequency bands. Consequently, it is recommended to focus on the subcarrier spacing of 15 kHz in Rel-19. 

	Futurewei
	Proposal is fine. 

	ETRI
	Agree with the proposal.

	Samsung
	OK with the proposal


2.7.2 Time unit(s)

In RAN1#116, this section considered the basic time unit (Tc) of NR DL, smallest unit of resource allocation, and time-domain boundary alignments between NR and A-IoT.

Then, there was general agreement in comments last time that the basic time unit for generating R2D at the transmitter should be the same as when generating NR transmission at a gNB, to have compatibility between the two systems.
Proposal 2.7.2a(I): For R2D study with reuse of NR OFDM transmitter, the basic time unit of DL Tc reuses the definition in NR from the Reader perspective. FFS from device perspective.

	Company
	Views

	Qualcomm
	We are fine with the proposal.

	xiaomi
	we are fine with this proposal.

	vivo 
	This proposal seems not necessary given all these aspects in the proposal are up to gNB implementation. If needed, a conclusion might be enough.

	Nokia
	Can we remove the FFS and add the same sentence proposed by Qualcomm for Proposal 2.7.2b(I)? 

	Huawei, Hisilicon
	OFDM waveform is used for R2D for the coexistence with NR/LTE in the guard-band/in-band operation mode. From the reader perspective, the corresponding parameters of OFDM transmitter can be reused from NR, including the basic time unit (Tc) of NR DL.

	Futurewei
	Proposal is fine. 

	ETRI
	Agree with the proposal.


There was general support in RAN1#116 to define that a line code chip is the minimum unit of time domain resource allocation in R2D. Hence FL resumes that proposal, with terminology updates. See Section 2.2.2.
Proposal 2.7.2b(I): In R2D, the smallest unit of resource allocation is a chip i.e., a duration equal to a reference duration of a line code.

	Company
	Views

	Qualcomm
	We suggest to add “at least from reader perspective”.

	TCL
	Ok with the proposal.

	xiaomi
	We support this proposal.

	vivo 
	Fine with the proposal. 

	Nokia
	Agree with Qualcomm.

	Huawei, Hisilicon
	We agree that a time unit is needed for the time domain resource allocation in R2D.

For PRDCH, line code will be used, which can be the smallest unit of resource allocation. A codeword of line code consists of at least two OOK symbols. For the preamble and postamble signal, line code may not be applied. However, both the length of preamble and postamble signal can still be the integer multiples of an OOK symbol. From the perspective of all the R2D physical channel and signals, a chip can be defined as the duration of a single OOK symbol.


2.7.3 Time-domain boundaries
For time-domain boundary alignments, a few companies have discussed e.g., alignment between start of an R2D chip, and the NR/LTE OFDM symbol boundary, and no need of other alignments, etc. Most inputs are under agenda item 9.4.2.2, so the FLs have decided to handle it there, at least for the time being.

2.8 R2D bandwidths [ACTIVE]

	Agreement RAN1#116
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


2.8.1 Guard bands

There is uncertainty whether the potential guard band in the above agreement is for intra-system, i.e. between A-IoT, against adjacent channel interference; or inter-system coexistence, i.e. between A-IoT and NR/LTE.
FL’s intention in the previous agreement was the potential guard-band between adjacent A-IoT R2D transmissions, hence the possibility of no guard band (Bocc,R2D = Btx,R2D) in case one R2D transmission occupies the whole R2D bandwidth. FL’s suggestion is a two-part clarification:

Proposal 2.8.1(I): Clarify that, in the agreement from RAN1#116:

· The “potential guard band”, if it exists, would be included in Bocc,R2D is intra-system to A-IoT.
· Inter-system guard-bands i.e., between A-IoT and NR/LTE, are not part of the Bocc,R2D definition, and are deferred to RAN4-led study. 
	Company
	Views

	Qualcomm
	We are fine with the general approach. Suggest following for the second bullet:
· Inter-system guard-bands i.e., between A-IoT and NR/LTE, are not part of the Bocc,R2D definition. FFS whether/how to study necessary inter-system guard-bands in RAN1, and are deferred to RAN4-led study. 


	xiaomi
	We support this proposal.

	vivo 
	We are fine to leave inter-system guard band study to RAN4, but it still impacts RAN1 study, e.g., maximum Tx BW, inter-system interference caused by different CP handling for R2D and NR. So, what is the co-existence assumption by RAN1 for RAN1 study before RAN4’s feedback? Or is this intended to be discussed in agenda 9.4.1.1?

	Nokia
	Can be fine with Qualcomm’s proposal but prefer FL’s formulation, given that this seems to be a coexistence problem.

	Huawei, Hisilicon
	We agree with the proposal that the potential guard band is only for the purpose of intra-system frequency domain multiplexing (FDM), if it exists. If FDM is assumed to be supported in R2D, guard band may be needed to help suppress the adjacent channel interference between FDMed R2D transmissions. 
However, we emphasise, as discussed in our comments to Proposal 2.6(I), FDM and FDMA is not assumed for R2D transmissions, considering the support of RF-ED receiver. In this case, guard band is also not needed for R2D transmissions, which means the R2D occupied bandwidth equals the R2D transmission bandwidth.
For clarity, for the inter-system guard band, it could be referred to as the required frequency guard interval between Ambient IoT and NR for coexistence. It depends on the identified deployment scenarios and the corresponding coexistence evaluations in RAN4. From the perspective of practical deployment scenarios, the required frequency guard interval may vary significantly case by case. For example, the guard interval needed for the case with a nearby (e.g., <50 m) interfering outdoor NR BS can be larger than the case with the interfering outdoor NR BS far away (e.g., 200 m) from the indoor service area of Ambient IoT. 

	Samsung
	We have different understanding with the agreement. In RAN1#116, we commented to clarify whether the potential guard band includes guard-band between A-IoT signals and guard-band between A-IoT and NR systems, and FL answers both guard-band can be included. Therefore, we prefer to clarify the agreement as both type of guard-bands can be included in Bocc,R2D rather than currently shown in the proposal.


2.8.2 Bandwidth values
For values of Bocc,DL, the proposal below was discussed a little in RAN1#116, and seems still the main set of ideas coming to this meeting. It is clarified to mention the OFDM basis of the proposal.
Proposal 2.8.2(I): For OFDM-based waveform, Bocc,DL is initially down-selected among:

· Alt 1: Including 180 kHz, and FFS other values

· Alt 2: Integer multiple(s) of 180 kHz (FFS: what integer(s))

· Alt 3: Integer multiple(s) of a subcarrier spacing (FFS: what integer(s))

	Company
	Views

	Qualcomm
	We prefer Alt.2 with allowing potential revisit if it turns out necessary. 
Integer multiple(s) of 180 kHz (FFS: what integer(s)); other value(s) of BOCC_DL is not excluded if necessary and justified


	xiaomi
	We think alt1 is the special case of alt2, so we suggest to merge alt1 to alt2.

	vivo 
	We’re generally fine with the proposal for down-selection in a later step.

In addition, we think multiple candidate values should be considered. 

Considering typically matching network or RF filter bandwidth before RF ED is large, we don’t think 180KHz is feasible, i.e., no guard band, even if the guard band only considers intra-system guard between multiple R2D transmissions from one or multiple readers. So we support Alt 2. 

	Nokia
	Agree with xiaomi.

	Huawei, Hisilicon
	Alt 1: The occupied bandwidth needs to consider the compatibility and convenience of resource allocation for Ambient IoT in the in-band operation mode. Considering the minimum unit of frequency resource allocation is 1 PRB in NR/LTE, the occupied bandwidth is recommended to be the integer multiples of 180 kHz, which is the bandwidth of one PRB with SCS of 15 kHz.
According to the agreement, the occupied bandwidth equals the transmission bandwidth plus the potential guard band. As clarified in our comments to Proposal 2.8.1 (I), no guard band needed for R2D transmission, as FDM is unsuitable for R2D. Consequently, the R2D occupied bandwidth equals the R2D transmission bandwidth. We suggest having a proposal to handle the FFS from this point in Athens.

	Futurewei
	For NR in-band and guard-band operation, Alt 1 and Alt 2 are feasible. 

	ETRI
	We are fine with the proposal. We are supportive for Alt 2 including integer value of 1 and FFS for other integer(s) which can cover Alt 1.

	Samsung
	OK with the proposal


We can return to the relationship with, and values of, Btx,R2D after the points above have clarified.
3 D2R
3.1 D2R waveform [ACTIVE]

In this agenda item, most companies think this should apply to device 2b, i.e. internally-generated carrier wave, and several say that it should be the same as the externally-generated carrier wave in agenda 9.4.2.4. Hence FL pauses this until further progress in 9.4.2.4.
3.2 D2R modulation [ACTIVE]

For discussion, FL edits the proposal from the end of RAN1#116, for further discussion, at least intending to limit the set of modulations for further discussion.

Proposal 3.2a(I): Study the following for D2R baseband modulation, for potential down-selection:
· OOK
· Binary PSK
· Binary FSK
· Study needs to consider aspects including:

· Exact baseband signal generation

· Spectral or resource efficiency comparison
· Power consumption and complexity feasibility for the devices in the SID

· Impacts of phase discontinuity

· Possible imperfection in the modulation can be studied under 9.4.1.2/9.4.1.1

	Company
	Views

	Qualcomm
	We are fine with the proposal in general. On the 4th bullet, we suggest to update as follows.
· Study needs to consider aspects including:

· Exact baseband signal generation

· Spectral or resource efficiency comparison
· Power consumption and complexity feasibility for the devices in the SID

· Impacts of phase discontinuity
· Demodulation method(s) at D2R receiver
· Decoding performance at reader


	TCL
	Support QC’s views. In addition, if 2-FSK needs to be further discussed, we suggest to update as follows,
· Study needs to consider aspects including:

· Exact baseband signal generation

· Spectral or resource efficiency comparison
· Power consumption and complexity feasibility for the devices in the SID

· Impacts of phase discontinuity
· Demodulation method(s) at D2R receiver
· Decoding performance at reader
· Impacts of spectrum aliasing for 2-FSK. 

	Xiaomi
	We support this proposal.

	vivo 
	We don’t agree to list 2-FSK as same level candidate with OOK and BPSK, considering the feasibility and benefit of 2-FSK is still questionable. Its feasibility should be separately discussed if time allows.

	Nokia
	Ok with Qualcomm’s modifications. Suggest reformulating the main sentence of 4th bullet as “Study considers at least the following aspects”.

	Huawei, HiSilicon
	We think OOK and BPSK is fine. 

For BFSK, there still a lot unclear things need to be clarified.

1. Different FSK mentioned or proposed in different papers, we are not sure what the FSK is in particular and what the exact modulated signal generation procedure is.

2. We observed many drawbacks of FSK in our paper in terms of power consumption, performance, spectrum efficiency and impact from SFO etc., which we think need to be carefully taken into consideration

3. Some companies seems only talk about device 2b for FSK, which is in our understanding may not in-line with the harmonized design in the SID. The necessary of such difference among devices should be justified.

Thus we are not supportive of study FSK

	Wiliot
	We are supportive of this proposal. We believe that any specification targeting licenced spectrum, should consider operators market value and include the continuous phase modulations like GFSK or GMSK for all device types 1,2a and 2b within the study. As our analysis indicated, they are suitable for harmonized specification for all device types.    

	ETRI
	Okay with the proposal. We can simply list options without considering aspects.

	Panasonic
	OK

	Samsung
	OK with the proposal

	Ericsson
	We would like to ensure/confirm that GFSK is included in the study, as well as BPSK with pulse shaping.


Some papers begin to raise or compare the question of double sideband (2SB) and single sideband (1SB) transmission. Hence FL makes this proposal to initiate the study:
Proposal 3.2b(I): Study single sideband (1SB) and double sideband (2SB) transmission for D2R. Aspects include:
· Impact of filtering on device power consumption / complexity

· Spectral efficiency

· Decoding performance at reader

	Company
	Views

	Qualcomm
	We are OK with the proposal.

	TCL
	Fine with the proposal

	xiaomi
	We think interference impact brought by the 1SB and 2SB also needs to be studied, so we make the following revision with the bule part:

Proposal 3.2b(I): Study single sideband (1SB) and double sideband (2SB) transmission for D2R. Aspects include:

· Impact of filtering on device power consumption / complexity

· Spectral efficiency

· Decoding performance at reader

· Interference impact


	vivo 
	For backscattered UL, the feasibility of 1SB is questionable. Typically, there is no filter possible to filter out 1SB. So 2SB should be prioritized.

	Huawei, HiSilicon
	1SB can save spectrum resource but requires higher complexity. We think for such a low power consumption/complexity device, the basis should instead be to not consider 1SB unless the device feasibility is proven.

	Samsung
	OK with the proposal


It seems we should have the same definition of a chip in D2R as R2D (see Section 2.2.2). Details of chip content will be in Section 3.3.
Proposal 3.2c(I): In D2R, chip is a reference duration of a line code codeword
· The reference duration definition will be studied during discussion on selecting line code(s).

	Company
	Views

	Qualcomm
	We prefer to keep “no line coding” as an option for D2R. Regardless of whether line coding is used, the “chip” can be defined as a reference duration. For example, for OOK, a chip can be a duration of +1 or 0. For BPSK, a chip can be a duration of +1 or -1.
For FSK that modulate bit-0 as {-1, +1} and bit-1 as {-1, +1, -1, +1} in the same time duration, the definition of chip is unclear. 

	TCL
	Ok with the proposal. If D2R data rate is not high, maybe symbol in NR can also be a reference duration.

	xiaomi
	We support this proposal.

	vivo 
	Fine. 

	Huawei, HiSilicon
	OK to discuss along with line code.

	Wiliot
	We agree with Qualcomm suggestion of keeping no line coding option for D2R.

	Futurewei 
	The proposal is fine as a starting point. 

	Samsung
	OK with the proposal


3.3 D2R line coding [ACTIVE]

The proposal below is updated from the one that was not treated in RAN1#116, and aligned with agreed wording from R2D (see section 2.3). In submissions to this meeting, the three mentioned line codes are widely supported for study purposes. FL expects that down-selection should follow.

Proposal 3.3a(I): For D2R, line codes studied are: Manchester encoding, FM0 encoding, Miller encoding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: If/how to enable frequency shift and/or FDM(A) among devices
· Aspects to study include:

· Spectrum shape

· Complexity

· Power consumption

· BER

· Resilience to frequency error
· Possibility to use no D2R line code
	Company
	Views

	Qualcomm
	We propose to add “no line coding” as an option to the main bullet. We consider BPSK as a potential modulation scheme. Further, we consider coherent receiver as a receiver option to demodulate BPSK. If the system is designed such that coherent receiver for BPSK works well, we think line coding is no longer essential. 
One may consider line coding is used for (small) frequency shift. However, small frequency shift is enabled by multiplying square wave with a frequency higher than the data symbol frequency. So we do not think (small) frequency shift requires line coding.

	TCL
	We do not understand how the frequency shift and/or FDM(A) among devices to impact line code, coding rate or chip definition? 

	xiaomi
	We are fine with this proposal.

	vivo 
	We prefer to prioritize FM0 and Miller over Manchester coding, considering FM0 provides 3dB performance gain than Manchester coding by differential encoder and a simple shift of the detection interval for the conventional symbol-by-symbol detector, and Miller can be more robust to CW interference due to larger frequency shift distance. 

	Huawei, HiSilicon
	We are supportive of using Manchester encoding for D2R, but have identified issues against the use of FM0 and Miller codes.

One of the main features that is expected of line codes is the support of frequency shifting the baseband signal from the DC in order to facilitate the use of high-pass filtering for carrier-wave interference suppression. Hence, we do not think we can avoid the use of line codes, and moreover, FM0 does not support this frequency shift functionality.

Miller codes, on the other hand, has the issue that the power is more concentrated in the low-frequency region of the main lobe while the power of FM0 code and Manchester code are well-distributed in the main lobe. This negatively affects the interference handling ability of Miller codes.

If we are to study all of them, then we need to ensure that the aspect of frequency shifting is also included in the aspects to be studied.

We would also like some clarity on what is meant by resilience to frequency error.

	Wiliot
	We agree with Qualcomm’s comment and believe that small frequency shift can be an implementation choice

	Futurewei
	Support the study as each line code has pros and cons. 

	Samsung
	OK with the proposal


Similar as R2D, there was general support in RAN1#116 to define that a line code chip is the minimum unit of time domain resource allocation in D2R. Hence FL resumes that proposal, with terminology updates. See Section 3.2.

Proposal 3.3b(I): In D2R, the smallest unit of resource allocation is a chip i.e., a duration equal to a reference duration of a line code.

	Company
	Views

	Qualcomm
	As presented, we consider no line code could be an option (but we are OK to define chip). 
Regarding the proposal, we are not sure whether there is a case where reader schedules D2R with any number of chips. As for resource allocation granularity, the unit for D2R may not need to be a chip.

	TCL
	Okay with this proposal.

	xiaomi
	We support this proposal.

	vivo 
	Fine.

	Huawei, HiSilicon
	We support the proposal.


3.4 D2R FEC / repetition [ACTIVE]

Since there are proposals to have repetition in D2R, and FL predicts there will be similar questions as “is repetition a FEC”, here is an equivalent proposal to Section 2.4, to make it clear.

Proposal 3.4a(I): Study D2R transmission using repetition at (i) bit level; (ii) chip level. FFS which, if any, are supported.
	Company
	Views

	Qualcomm
	We are OK with the proposal.

	TCL
	We support this proposal.

	xiaomi
	We are fine with this proposal.

	vivo 
	In our understanding, some line code can already provide equivalent repetitions, e.g., Miller-4/8 compared with Miller-2, Manchester-4 compared with Manchester-2. It is unclear whether additional  bit/chip level repetition on top of such line code is needed. This also depends on the overage evaluation where whether it’s enough to have no repetitions at all in uplink especially if the case is that DL is the bottleneck.

	Nokia
	Ok

	Huawei, HiSilicon
	We support studying repetition in general, and are open to studying the different options at this stage, including “transport block-like” level repetitions.

	Wiliot
	We believe repetition should be at the RAN2 level rather than RAN1

	Panasonic
	Support the proposal

	Samsung
	OK with the proposal


As with R2D, this next proposal means FEC which is not encompassed by Proposal 3.4a. 
FL’s reading of contributions is many companies wish to study or start with convolutional encoding as low-complexity and suitable to harmonize a design across devices. As with RAN1#116, FL considers “block codes” a too non-descriptive statement to capture. Proponents can use the flexibility in the 2nd FFS to decide if they wish to bring any clearer proposals in future.

Proposal 3.4b(I): A-IoT UL study of FEC prioritizes convolutional codes.

· FFS details of convolutional codes, such as polynomial(s), shift-register termination, etc.
· FFS if other FEC candidates/methods will be studied, e.g. Reed-Muller, Turbo, pre-storage of codewords.
	Company
	Views

	Qualcomm
	We are OK with the proposal. On the 2nd bullet, suggest to delete all the examples in “e.g. Reed-Muller, Turbo, pre-storage of codewords”.

	xiaomi
	For UL FEC, the complexity needs to be studied whether the device can support it.

	vivo 
	FEC in D2R is not necessary if coverage for A-IoT D2R without channel coding is not the bottleneck. According to our evaluation, coverage bottleneck is R2D, not D2R, so we don’t support FEC, unless companies identify valid scenario.  

	Nokia
	Our understanding of “prioritizes” is that other candidates exist that are not prioritized. Since such candidates do not exist yet (their presence, if any, is subject to FFS) could we use the same formulation used in several other proposals for the main sentence, e.g., A-IoT study of FEC includes at least convolutional codes?

	Huawei, HiSilicon
	We support the proposal.

Convolutional codes offer the best trade-off between device complexity and performance. The CC encoder can be implemented by e.g. a 6-bit shift register and a few XOR gates, which would be possible by device 1.

	Wiliot
	We support of this proposal

	Panasonic
	We are open to study the convolutional coding or other FEC scheme. On the other hand, the reference to see the performance difference can be based on the repetition coding.

	Samsung
	OK with the proposal


3.5 D2R CRC [ACTIVE]
	Agreement RAN1#116
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


Section 2.5 will take R2D and D2R CRCs together.
3.6 D2R multiple access [ACTIVE]

As with RAN1#116, there is broad support to study time-domain and frequency-domain multiplexing/multiple-access of devices. Hence FL resumes the related proposals, with terminology updates similar to R2D Section 2.6. On the other hand, there is by far less support for CDMA, and several contributions which mention it only do to state issues with the concept.

Proposal 3.6a(I): Study time-domain scheduling of D2R. Further details are FFS.
Proposal 3.6b(I): Study frequency-domain scheduling of D2R, at least by utilizing a frequency-shift capability, e.g. of a line-code. Further details are FFS.
Offline discussion
Proposal 3.6a(I): Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.
Proposal 3.6b(I): Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband,. Further details, including pros/cons, are FFS.
	Company
	Views on 3.6a(I) and 3.6b(I)

	Qualcomm
	We are in principle fine with the proposal. As suggested earlier, we prefer to delete “e.g., of a line-code”. 

	TCL
	Ok with the proposal. We think the combination of time and frequency domain scheduling may be discussed in one inventory. 

	xiaomi
	We support these proposals.

	vivo 
	We are fine with the proposal. 

	Nokia
	We see a similar issue as we described in Sec. 2.6. W.r.t. the D2R, are these two proposals excluding the possibility of scheduling two tags over two different time instances and two different frequency resources?

	Huawei, Hisilicon
	We agree both TDMA and FDMA should be supported for D2R transmissions.

TDMA is the basic and simplest scheme for multiple access. As discussed in our comments to the Proposal 3.3a(I), frequency shifting can be easily supported by line code, which does not require additional hardware or increased hardware capability. Based on the different frequency shifting between the D2R transmissions from different devices, FDMA can be achieved and offers obvious technical advantages.

	Wiliot
	We agree with Qualcomm’s comment

	Futurewei
	Both TDMA and FDMA techniques can be used for D2R. FDMA depends on the amount of allocated System bandwidth, Bsys,D2R. Reader such as gNB is capable of perform FDMA channel selectivity.
Support both proposals.  

	ETRI
	Agree with the proposals.

	Panasonic
	Support the proposal.

	Samsung
	OK with the proposal. In addition, if CDM can be supported, it should also be based on reader schedule. Therefore we suggest to add another proposal:

Study code-domain scheduling of D2R, e.g. scheduling/configuration of OCC sequence


3.7 D2R numerology [INACTIVE]

FL does not see a way to define numerology yet for D2R, until more is known about the internal/external carrier wave waveform. This section is paused for now. The proposal on minimum resource allocation unit is moved to the line codes discussion in Section 3.3.
3.8 D2R bandwidths [ACTIVE]

3.8.1 Bandwidth terminology

FL thanks those companies that provided suggestions on how to refine the D2R bandwidth terminologies from RAN1#116, and those who indicated the latest version was also acceptable. There are a few suggestions to take an occupied bandwidth and system BW definition from the reader perspective, but each of the proposals on such a system BW does not seem to exactly capture the contiguous nature that a system BW usually has to RAN1 (although the occupied bandwidth perspective might work on its own). Hence FL tries a similar, but evolved, direction here, presuming that FDM(A) is agreed to in another proposal.
There was discussion offline about different guard band concepts: between two devices’ D2R transmissions, and if that is the same or different concept than a need for guard bands between A-IoT and NR/LTE. FL suggests that RAN1 is certainly appropriate to define the first type. It is possible the second type is actually the same, but the discussion can happen first in RAN4. This is reflected in the 4th bullet below.

Proposal 3.8.1(I): D2R study defines the following bandwidths:
· Transmission bandwidth, Btx,D2R: The frequency resources scheduled by a reader for transmitting D2R from one device.
· Occupied bandwidth, Bocc,D2R: The frequency resources scheduled by a reader for transmitting D2R from one device, and associated intra A-IoT guard-bands totalling Bguard,D2R
· System bandwidth, Bsys,D2R. The contiguous frequency resources in which one reader can schedule D2R transmissions.
· If/how to define guard band between A-IoT D2R and NR/LTE is up to RAN4.
· Bsys,D2R ≥ Bocc,D2R > Btx,D2R
· Possible values of each bandwidth are FFS
Offline discussion

Proposal 3.8.1(I): D2R study defines the following bandwidths:
· Transmission bandwidth, Btx,D2R: The frequency resources for a D2R transmission from one device.
· Occupied bandwidth, Bocc,D2R: The frequency resources for a D2R transmission from one device, plus the associated intra A-IoT guard-bands totalling Bguard,D2R
· System bandwidth, Bsys,D2R. The contiguous frequency resources, including guard bands for coexistence between A-IoT D2R and NR/LTE, in which one reader can schedule Bocc,D2R.
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is RAN4-led, with RAN1 secondary.
· Bsys,D2R ≥ Bocc,D2R > Btx,D2R
· Possible values of each bandwidth are FFS
	Company
	Views

	Qualcomm
	Transmission bandwidth:
Our understanding is that this is the bandwidth determined as necessary based on the chip/bit rate. If this is the resources determined and scheduled by a reader, it is not clear what the difference is from occupied bandwidth.
On the 4th bullet, we prefer to update as FFS: If/how to define discuss guard band between A-IoT D2R and NR/LTE in RAN1 is up to RAN4.

	TCL
	We think transmission bandwidth is related with D2R single sideband or dual sideband signal and D2R coding rate.

	xiaomi
	For the third sub-bullet, for “one reader ”,whether it means FDMed is not allowed for the multiple readers? This needs to be clarified.

	vivo 
	We support to define Btx,D2R , Bocc,D2R and Bsys,D2R  for the purpose of the study. To avoid any miss-understanding, it is better to use similar wording as agreed for R2D in last meeting ‘The following bandwidths for D2R are defined for the purpose of the study’. 

For Btx,D2R, it is better to have a note to clarify the frequency resources includes primary sidelobes on each side of CW for backscattered case. 

For Bsys,D2R, we agree with FL’s intention of capture the contiguous nature, i.e., NR can not be transmitted in the middle of the AIOT Bsys,D2R, though maybe sometimes reader only schedules some of Bsys,D2R for D2R transmissions. In addition, we propose to add ‘guard bands’, because it is unclear whether ‘The contiguous frequency resources in which one reader can schedule D2R transmissions’ includes guard band, considering if the scheduled resource only counts transmission BW. 


	Huawei, Hisilicon
	We agree the proposal.

With FDMA being supported for D2R, guard band is probably needed to avoid the interference between parallel D2R transmissions, considering the potential signal bandwidth extension by SFO and the reserved frequency gap for filtering. Consequently, Bocc,D2R > Btx,D2R.

From a Reader perspective, system bandwidth needs to be defined for the frequency resource allocation in the case of FDMA being used.

	Futurewei
	A minor word suggestion to improve clarify for the term “Occupied bandwidth”:

· Occupied bandwidth, Bocc,D2R: The frequency resources scheduled by a reader for transmitting D2R from one device, and plus associated intra A-IoT guard-bands on each side totalling Bguard,D2R
A minor editorial correction, that is . should be a : 

· System bandwidth, Bsys,D2R. The contiguous frequency resources in which one reader can schedule D2R transmissions.
(
· System bandwidth, Bsys,D2R: The contiguous frequency resources in which one reader can schedule D2R transmissions.
As a general comment, the terms “transmission bandwidth” and “occupied bandwidth” are already defined and used in RAN4 specifications, e.g., these are definitions are taken from TS 38.104: 

[image: image1.emf]transmission bandwidth :  RF Bandwidth of an instantaneous transmission from a UE or BS, measured in resource  block units  


[image: image2.emf]6.6.2   Occupied bandwidth   6.6.2.1   General   The occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency  limits, the mean powers emitted are each equal to a specified percentage   /2 of the total mean transmitted power. See  also Recommendation ITU - R SM.328 [3].   The value of   /2 shall be taken as 0.5%.  


To avoid confusion, one suggestion is to precede the above definition by “A-IoT”, e.g., 

A-IoT Transmission bandwidth, Btx,D2R: …

A-IoT Occupied bandwidth, Bocc,D2R: …

A-IoT System bandwidth, Bsys,D2R: …



	Panasonic
	Just for clarification, does Bguard,D2R inside the occupied BW include a single or both sides of the guard bandwidth? Namely, which would be the intention?:

· Bocc,D2R = Btx,D2R + Bguard,D2R
· Bocc,D2R = Btx,D2R + 2 * Bguard,D2R

	Samsung
	OK with principle of defining the three bandwidths, but we consider the guard-band should also be studied by RAN1. Therefore, we prefer the following modification:

· If/how to define guard band between A-IoT D2R and NR/LTE is further discussed e.g. whether RAN1 decides it or leave it up to RAN4.


3.8.2 Bandwidth sizes [INACTIVE]
These proposals are provided while we are still discussing the definitions, to collect some early views if companies would like to.
Proposal 3.8.2a(I): Bocc,UL is down-selected among:

· Alt 1: At least 1 PRB

· FFS the maximum and the granularity

· Alt 2: An entire NR band
	Company
	Views

	Qualcomm
	We think we need some progress on device architecture.

	TCL
	We prefer Alt1. 

	xiaomi
	We are fine with this proposal.

	Huawei, Hisilicon
	In our view, Bocc,UL can be less than 1 PRB, but not as large as an entire NR band.

As discussed in our comments on Proposal 3.8.1(I), the guard band in the occupied bandwidth is to against intra-system interference for FDMA, but not for inter-system interference. The size of the guard band is expected to be not to large, to achieve proper spectrum efficiency for FDMA. 
Considering the processing capability (e.g., limited sampling frequency) of the ultra-low power device, the transmission bandwidth should not be too large. Correspondingly, the maximum occupied bandwidth can be an integer multiples of PRB, but not as large as an entire NR band.

Sub-PRB transmission can also be supported for D2R transmission e.g. to achieve higher spectrum efficiency in bad coverage. In this case, the occupied bandwidth can be smaller than one PRB. The detailed number can be decided after the candidates of Btx,D2R being agreed.

	Wiliot
	We support Alt2, as the AIoT devices are very simple and low power, then they can not significantly limit spectrum and out of band emissions. 

	Futurewei
	What does it mean by “An entire NR band”? For example, this table is taken from TS 38.101-1. Let us consider NR band n8. The entire NR band is 35 MHz in which different NR channel bandwidths are defined. Based on our understanding, it is more reasonable to study “An entire NR channel bandwidth”.

[image: image3.png]Table 5.3.5-1 Channel bandwidths for each NR band

NR SCSs UE Channel bandwidth (MHz)
Band | (kHz) 5 10 15 20 25 30 35 40 45 50 60 70 80 92 100
n1 15 5 10 15 20 25 30 40 454 50
30 10 15 20 25 30 40 454 50
60 10 15 20 25 30 40 454 50
n2 15 5 10 15 20 25 30 354 40
30 10 15 20 25 30 354 40
60 10 15 20 25 30 354 40
n3 15 5 10 15 20 25 30 354 40 454 50
30 10 15 20 25 30 354 40 454 50
60 10 15 20 25 30 354 40 454 50
n5 15 5 10 15 20 253
30 10 15 20 253
60
n7 15 5 10 15 20 25 30 354 40 50
30 10 15 20 25 30 354 40 50
60 10 15 20 25 30 354 40 50
n8 15 5 10 15 20 3534








Proposal 3.8.2b(I): Btx,D2R is down-selected among:

· Alt 1: The same as the bandwidth of an external (reference) carrier wave

· FL note: “(reference)” is FL’s assumption to cover the case of a device with an internal carrier wave, where the external carrier wave is not present.

· Alt 2: A set of specified/assumed value(s). FFS what value(s).

· Alt 3: Multiples of a subcarrier spacing
	Company
	Views

	Qualcomm
	We think D2R transmission bandwidth is determined by chip/data rate. 

	xiaomi
	We are fine with this proposal.

	Huawei, Hisilicon
	We support Alt 3.

As discussed in our comments on Proposal 3.8.2a(I), sub-PRB transmission is possible for D2R transmission e.g. to achieve higher spectrum efficiency in bad coverage. The multiples of a subcarrier spacing for Btx,D2R is flexible enough to support both sub-PRB transmission and the bandwidth larger than one PRB.

	Futurewei
	For Alt 1, in the case of external CW, what is the transmission bandwidth for single tone unmodulated CW? 
Alt 2 and Alt 3 seem Ok.


Question 3.8.2c(I): What values do you propose for Bsys,UL?
	Company
	Views

	Qualcomm
	System bandwidth can be determined by maximum possible frequency shift and transmission bandwidth of all (FDMed) devices. We think the exact value highly depends on waveform, coding, and modulation.

	Huawei, Hisilicon
	Considering the in-band operation mode, part of the NR spectrum is allocated for the Ambient IoT system. For the convenience of resource sharing, Bsys,UL can be an integer multiple(s) of PRB.

	Wiliot
	System bandwidth should be the entire operating band, in order to simplify implementation and requirements from devices and optimize network resources.

	Futurewei
	If operating in NR guard-band mode, then the Bsys,UL is limited the NR channel guard bands. 

If operating in NR in-band mode, then Bsys,UL is defined by the NR channel bandwidth. As such, the entire or part of the NR channel bandwidth may be available for Ambient IoT, which depends on gNB deployment. 

Therefore, it is reasonable to define Bsys,UL as an integral of PRBs. FFD the number of PRBs which can start from 1 PRB.      


4 Proposals for online sessions

4.1 Tuesday PM session
4.1.1 D2R multiple access

Discussed offline:
Proposal 3.6a(I): Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.
Proposal 3.6b(I): Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband,. Further details, including pros/cons, are FFS.
Not discussed offline:

Potential proposal 3bc(I): FFS code-domain multiple access feasibility.
4.1.2 D2R bandwidths

Proposal 3.8.1(I): The following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R: The frequency resources for a D2R transmission from one device.
· Occupied bandwidth, Bocc,D2R: The frequency resources for a D2R transmission from one device, plus the associated intra A-IoT guard-bands totalling Bguard,D2R
· System bandwidth, Bsys,D2R: The contiguous frequency resources, excluding guard bands for coexistence between A-IoT D2R and NR/LTE, in which one reader can schedule Bocc,D2R.
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is RAN4-led, with RAN1 secondary.
· Bsys,D2R ≥ Bocc,D2R > Btx,D2R
· Possible values of each bandwidth are FFS
4.1.3 D2R FEC / repetition
Not discussed offline, but mostly stable from written comments.

Proposal 3.4a(I): Study D2R transmission using repetition at (i) bit level; (ii) chip level. FFS which, if any, are supported.
Proposal 3.4b(I): A-IoT UL study of FEC prioritizes convolutional codes.

· FFS details of convolutional codes, such as polynomial(s), shift-register termination, etc.
· FFS if other FEC candidates/methods will be studied, e.g. Reed-Muller, Turbo, pre-storage of codewords.

5 Summary
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Annex A – Previous Decisions
RAN1#116, Athens, Feb 2024

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
