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9.4.2.1
1 Introduction
According to the chair’s agenda, this feature lead summary will cover discussions on:

· Waveform (Downlink; uplink)
· Modulation (Downlink; uplink)
· Coding

· Line coding (Downlink; uplink), channel coding (Downlink; uplink), CRC (Downlink; uplink)
· Multiple access (Downlink; uplink)
· Numerology (Downlink; uplink)
· Bandwidth (Downlink; uplink)
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 from time to time.
1.1 Versions

FLS #1: R1-2401567
FLS #2: …

…

2 A-IoT downlink

In this feature lead summary, “downlink” or “DL” is used as convenient reference for transmission from the A-IoT BS or intermediate UE to the A-IoT device.
2.1 A-IoT DL waveform [ACTIVE]
There are discussions on whether there should be an OFDM structure to the A-IoT DL, with the typical reason give that it should be possible for BS to produce the A-IoT signal using existing OFDM-based hardware, and to achieve orthogonality between NR DL and A-IoT DL. Since most companies also indicate support for multi-carrier DL modulation, this would seem to be a reasonable design constraint for the study.
A few companies discuss if it should be a single-carrier or multi-carrier waveform.
2.1.1 Round I

Proposal 2.1a(I): A-IoT DL study assumes an OFDM waveform. Down-select between:
· CP-OFDM

· DFT-s-OFDM
Further details are FFS, e.g. CP handling by the A-IoT device.
	Company
	Views

	Qualcomm
	Our understanding is that A-IoT devices do not identify OFDM waveform – they receive A-IoT DL using RF ED or mixer, without carrying out IFFT. It is not essential to assume an OFDM waveform.
We understand that there are some demands to re-use the NR OFDM transmitter. However, we think this does not mean OFDM waveform shall be assumed hereafter. We would suggest following: For A-IoT DL study, at least for evaluation purpose, OFDM waveform can be assumed.

	CATT
	We agreed with Qualcomm that the OFDM waveform is not assumed by default.  In general, we propose to eliminate OFDM waveform for consideration in A-IoT study.  

	CMCC
	From transmitter perspective, in order to co-exist to the NR signals, using OFDM signal to generate A-IoT R2D (downlink) waveform is useful. 
But from A-IoT receiver perspective for R2D, it makes no meaning to define any OFDM signal.
For transmitter perspective, we are in general OK by the FL considering, CP-OFDM can be used for gNB to generate A-IoT R2D waveform, and DFT-s-OFDM ca be used for a UE to generate R2D waveform.


	China Telecom
	Considering A-IoT devices with ultra-low complexity and ultra-low power consumption, it may be hard to conduct CP handling for A-IoT devices. It is less likely to duplicate the tails of OFDM symbols as guard interval to avoid inter-symbol interference for A-IoT system. Meanwhile, how to subtract CP for A-IoT devices is also an intractable issue. Hence, we think there is no need to support CP handling for A-IoT devices.

	vivo  
	We support A-IoT DL signal can be generated based on OFDM waveform from reader’s perspective, while it is transparent to AIoT device (OFDM or not). AIoT device anyway does not perform OFDM-based reception due to limited power and cost. To avoid any confusion, it is proposed to add ‘from gNB/intermediate node’s perspective’.

Regarding DFT or CP-OFDM, it is not urgent to down-select. Similar discussion is on-going in R19 LP-WUS WID. It is reasonable to reuse same mechanism for AIoT here. We can wait for the progress for R19 LP-WUS.  

For CP issue, we think it is a critical and fundamental aspect, which has impact on performance and complexity. 

Therefore, we suggest following revision: 

Proposal 2.1a(I): A-IoT DL study assumes an OFDM waveform from gNB/intermediate node’s perspective. The OFDM generation is transparent to A-IoT device. . Down-select between:
· CP-OFDM

· DFT-s-OFDM

· Further details are FFS, e.g. Study CP handling by the A-IoT device.


	IDCC
	We think both waveforms can be used, for example OOK-1 and OOK-4 can use OFDM and DFT-s-OFDM, respectively. From the device perspective, this does not matter. We can discuss this at a later stage but our first preference is OOK-4 due to its flexibility. 

	xiaomi
	We support this proposal.

	Spreadtrum
	We share the same view with QC that OFDM waveform is not applicable for A-IoT devices due to the limitation of device complexity.

Furthermore, we think that this issue should be discussed with 2.2. We support OFDM-based OOK waveform since it can alleviate the interference of the Uu DL and A-DL in the in-band deployment mode.

	Lenovo 
	Our understanding is that to generate OOK, PSK; FSK waveform, OFDM or DFT-s-OFDM is not necessarily needed but both DFT-s-OFDM and CP-OFDM can be considered for in-band deployment. Down selecting depends on whether the OOK is generated in time domain (applied on top of time domain symbols) or in frequency domain (similar to WUS waveform)

	FUTUREWEI
	Having an OFDM waveform will facilitate implementations at the gNB and intermediate node. Support proposal

	CEWiT
	The DL waveform should be OFDM based (like OFDM based OOK) so that BS can reuse the existing hardware. But device decodes downlink signal using a simple detector like envelope detector and without identifying as OFDM waveform.

	Huawei, HiSilicon
	We support DFT-s-OFDM which should be the right way to generate Mbits OOK per OFDM symbol with maintain orthgonality with NR (i.e. OOK-4)

	Samsung
	Not support.

We proposed to produce A-IoT signal using existing OFDM-based hardware, but it is not our intention to reuse OFDM waveform for A-IoT DL. 

Considering Rx capability of A-IoT devices (at least low-end devices), the A-IoT DL waveform should have constant amplitude to support envelope detection. We think this cannot be satisfied by simply reusing legacy OFDM waveform. Our intention is strive to design such constant amplitude waveform by reusing legacy hardware.

	Ericsson
	We are fine with the FL proposal or Vivo’s proposed update.

(Inclusion of CP in DL waveform is beneficial for avoiding ICI in legacy NR UEs, unless significant guard bands are allocated for A-IoT.)

	DEADLINE

	LGE
	Agree with QC that OFDM waveform is not applicable for Ambient IoT devices. From waveform perspective, we can discuss whether to support single-tone waveform or multi-tone waveform or both. Whether to align those waveforms with NR numerology can be discussed under numerology discussion.

	NTT DOCOMO
	Considering the impacts on the existing gNB/intermediate UE, OFDM-compatible waveform should be considered. However, as commented by companies, it does not necessarily mean that UE should perform OFDM-based reception, e.g., A-IoT UE may perform detection by envelope detector, and hence it should be clarified.

	TCL
	For transmitter’s perspective, we support the view of vivo. Considering failure detection for OFDM, the waveform design of AIoT DL can refer to that of LP-WUS including DFT-s-OFDM and CP-OFDM.  

In addition, low power consumption and low complexity device is hard to handle OFDM-based CP. If CP is considered for improving transmission performance, we think it should be specifically designed.

	Apple
	For in-band operation, we think this is a good direction, although we do not have to down-select at this point. We also agree with the comments that this is transparent to A-IoT UEs.


2.1.2 Round II

Updated 2.1a to combination between Qualcomm and vivo, whilst respecting the evident support for the basic principle. For non-OFDM waveforms, the comments here do not give a concrete alternative to debate. Suggest we collect more detail about them, otherwise it seems a too-blank check/cheque, hence added Proposal 2.1b.

Proposal 2.1a(II): A-IoT DL study includes an OFDM waveform from DL transmitter’s perspective. The OFDM generation is transparent to A-IoT device. Down-select between:

· CP-OFDM

· DFT-s-OFDM

· Study CP handling by the A-IoT device

Proposal 2.1b(II): Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.

THIS VERSION WAS DISCUSSED IN TUESDAY OFFLINE. 
SEE ROUND III.
2.1.3 Round III (high priority)
Round II is updated again after the Tuesday offline.

(maybe ok in offline)
Proposal 2.1a(III): 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.

Proposal 2.1b(III): Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.
Views on both 2.1a(III) and 2.1b(III)

	Company
	Views

	
	

	
	


2.2 A-IoT DL modulation [ACTIVE]
2.2.1 Round I

Almost all companies include OOK/ASK (note that OOK is ASK with 100% modulation depth). A few inputs consider among FSK, PSK, PPM. For OOK/ASK pretty much all those making a more-detailed proposal wish to re-use the OOK-1, for single bit per symbol, and OOK-4 for multi-bit per symbol. With OOK viewed as ASK, there is the question arising from RFID of whether to use double sideband (DSB), single sideband (SSB), or phase-reversed (PR) ASK.
Proposal 2.2a(I): A-IoT DL study includes OOK-1 for single-chip per symbol transmission, and OOK-4 for M​-chip per symbol transmission, starting from definitions in TR 38.869. FFS value(s) of M.

· The study includes single-sideband (SSB) and double-sideband (DSB) OOK, FFS whether to include both or to down-select.
· FFS: Any changes needed from the definitions in TR 38.869.
	Company
	Views

	Qualcomm
	We wonder whether this proposes to consider OOK-1/4 generation using IFFT (i.e., OFDM transmitter). Since TR38.869 is referred, the answer would be yes. However then we have the same question as for Proposal 2.1a(I) – why OFDM waveform has to be assumed?
Also, if OFDM waveform is assumed, it is not clear to us why the study needs to include the study for SSB vs DSB OOK.

	CATT
	The OOK waveform could be one of the candidates for DL interrogation signals but not exclusively.   OOK-1 and OOK-4 have different complexity to the A-IoT device and should be addressed in the waveform discussion

	CMCC
	The proposal is also from transmitter perspective. We think both OOK-1 and OOK-4 are needed. For OOK-4, it is mainly used to generate higher chip rate OOK signals.


	China Telecom
	We have the same confusion with Qualcomm. Hope more clarification will be made.

	vivo   
	We support the study of OOK based on OFDM generation as agreed for R19 LP-WUS, i.e., OOK-1 and OOK-4. Again, it is from reader’s perspective, while it is transparent to AIoT device. The only difference seen by the device is the duration of an OOK symbol (caused by different value of M). 
Regarding SSB/DSB based on OOK-1/OOK-4, it is unclear how it combines. If we follow SSB/DSB OOK in RFID, it is non-OFDM based OOK. Therefore, we suggest to delete 1st sub-bullet for now. 

	IDCC
	We are ok to assume ASK/OOK and OOK-1/OOK-4. Agree with other companies that it is not clear if we need to consider SSB/DSB since we have OFDM based waveform generation.

	Xiaomi
	We support this proposal.

	Spreadtrum
	We support both OOK-1 and OOK-4.
Non-coherent detection should be used since Device I can not satisfy the requirement of power consumption and frequency offset of coherent detection. In LP-WUS, a candidate waveform/modulation, i.e., OFDM-based OOK has been proposed and discussed, which can be detected by a non-coherent scheme. Similarly, OOK waveform can also be used in A-IoT.

	OPPO
	Since OOK-4 can achieve same transmission rate as OOK-1 by setting proper value of M, and OOK-1 and OOK-4 corresponding to different waveform generation structure, there is no necessary to support both OOK-1 and OOK-4. OOK-4 can be prioritized over OOK-1

	Lenovo 
	OOK-1 with 100% modulation depth is not good for energy harvesting, so ASK waveform with x% modulation depth can be considered for baseline. Whether single chip or multiple chip per symbols, the timing error and the targeted data rate needs to be considered. For less than 5Kbps, a single chip (OOK-1) is enough. 

	FUTUREWEI
	Support proposal

	CEWiT
	We are fine to study both the given options for the waveform.

	Huawei, HiSilicon
	We are supportive of this proposal. Values of M larger than considered in LP-WUS will be needed.

Regarding the study of SSB and DSB, we are fine to study both of them, and their applicability to the DL signal.

	Samsung
	OK

	Ericsson
	We are fine with the proposal, although we think the SSB/DSB issue is more relevant for backscattered UL than for DL.

	DEADLINE

	LGE
	At this stage, we think we can consider all or a subset of ASK(incl. OOK), PSK, and FSK as modulation candidates for study. Of course, the OOK-1/OOK-4 can be one of the candidates but we need to study from the aspects of backscattered transmission/reception and the lower power consumption of Ambient IoT devices.

	NTT DOCOMO
	We support to consider OOK-1/4 in TR38.369 as starting point. The intention of first bullet needs clarification.

	TCL
	For our views, we support OOK-1 and OOK-4. SSB/DSB/PR is based on single tone generated in scope of RFID, and it is unclear how to achieve SSB/DSB/PR by OFDM-based OOK signal.

	Apple
	OK with OOK-1/OOK-4 in general, but not sure about the sub-bullet on SSB/DSB either.


Proposed conclusion 2.2b(I): A-IoT DL modulation of phase-reversed OOK (PR-OOK), FSK, PSK, PPM require further discussion before potential inclusion in A-IoT DL study.
	Company
	Views

	Qualcomm
	Considering that A-IoT device may use a simple comparator to detect/receive A-IoT DL, we agree it would make sense to prioritize OOK.  

	CATT
	OK.  

	CMCC
	Support

	China Telecom
	We are open to this proposal. Further discussion is needed.

	vivo  
	We are supportive of prioritizing OOK for AIoT DL over other schemes, so we are supportive of the spirit of this conclusion. 

	IDCC
	Ok.

	Xiaomi
	We support this proposal.

	Spreadtrum
	Support

	OPPO
	OK

	Lenovo
	Ok for device type-1. For active device at least PSK and FSK can be considered

	FUTUREWEI
	Ok

	CEWiT
	Support

	Huawei, HiSilicon
	We are not sure these require further study, and we think the SI should control its scope. FSK and PSK are not possible in a harmonized design due to the expected RF ED in several of the device architectures. PPM is more-typically used in very wideband systems, where narrow pulses in time generate wide frequency spectrum – that is not desirable for A-IoT which has to acquire spectrum rather easily. PR-OOK requires clearer technical motivation over OOK from its proponents. .

	Samsung
	OK

	Ericsson
	We are fine to prioritize study of OOK over study of these modulations, but at this early stage we prefer to keep these modulations as FFS rather than concluding that they require discussion before they are allowed to be studied.

	DEADLINE

	LGE
	These can be the candidates for further study.  

	NTT DOCOMO
	Support.

	TCL
	Fine

	Apple
	OK


2.2.2 Round II (high priority)
Updated to provide correspondence to 2.1a(II):

(maybe ok in offline)
Proposal 2.2a(II): A-IoT DL study includes OOK from DL transmitter’s perspective.

· For an OFDM waveform, assume OOK-1 for single-chip per symbol transmission, and OOK-4 for M​-chip per 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: Definition of chip

· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.
	Company
	Views

	
	

	
	


Conclusion 2.2b(I) generally has support, so FL does not change it as this stage.
(maybe ok in offline)
Proposed conclusion 2.2b(II): A-IoT DL modulation of PPM, ASK require further discussion before potential inclusion in A-IoT DL study.

(maybe ok in offline)
Proposal 2.2c(II)A-IoT Dl study does not include:

· FSK, PSK, PR-OOK

2.3 A-IoT DL line coding [ACTIVE]
2.3.1 Round 1

Line codes are discussed either specifically or generally by many companies. Their characteristics are discussed in terms of complexity, providing clocking information, rapid charging of energy-storage in the A-IoT device, interference resilience, etc.

For the A-IoT DL, principally Manchester encoding of various kinds, and PIE appear to be the leading candidates. The proposed FFS would be handled under Section 2.7.2 (Numerologies/Time units).
Proposal 2.3a(I): For A-IoT DL, 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.
	Company
	Views

	Qualcomm
	We prefer to prioritize Manchester coding, but we are OK to keep both Manchester coding and PIE as candidate line codings and further study these options.

	Wiliot
	We support having PIE considered as the line code for DL, as reducing interference to network and improves reader energy consumption.

	CATT
	We are OK to study both Manchester and PIE coding to study.  However, we would like to have analysis of complexity in decoding and power consumption along with the performance.   

	CMCC
	We support to both PIE and Manchester coding. And we support the proposal.

	China Telecom
	We slightly prefer Manchester coding for A-IoT DL. Further discussion on PIE is needed.

	vivo  
	We prefer to prioritize Manchester coding. 
In our view, before the discussion on the necessity of PIE, RAN1 should firstly discuss whether DL signal for communication also needs to provide energy harvesting. 

	IDCC
	We are ok to discuss both.

	xiaomi
	We support this proposal.

	Spreadtrum
	We are fine to study both Manchester and PIE coding.

	OPPO
	In our views, it could support the repetition of codewords for better coverage performance, i.e., bit=>line-code codewords=> repetition of codewords. Taking Manchester encoding and the number of repetitions is 3 as an example, bit “0” could be mapped to “010101”. In this way, though the error occurs on one bit (such as ‘010111’ detected by A-IoT), A-IoT still can recover the information bits via error correction with extremely low power consumption and processing capability of A-IoT devices, it can significantly improve the DL coverage performance. 

	Lenovo
	Support Manchester for DL for its simplicity. PIE can also be studied as a good candidate.

	FUTUREWEI
	OK to include PIE in addition to Manchester, but we could also focus on Manchester as different from RFID as we have energy storage

	Huawei, HiSilicon
	We are fine to study both Manchester codes and PIE, including the definition of the line-code codewords, but we expect the SI to recommend just one of them.

One aspect that we would like to clarify is that the line codes should not be measured or evaluated based on their ability to deliver instantaneous RF energy, since the devices are already assumed to have energy storage. 

	Samsung
	OK

	Ericsson
	At this early stage we prefer to add “at least” in the proposal:

For A-IoT DL, line codes studied are at least: 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.



	DEADLINE

	LGE
	Support to consider both Manchester and PIE.

	NTT DOCOMO
	We are fine with the proposal. 

	TCL
	We support both Manchester and PIE. For Manchester, AIoT DL wave can reuse the design of LP-WUS. For PIE, it is benefit to energy harvesting.

	Apple
	OK


2.3.2 Round II

It would be good to control the scope of the study by keeping the proposal as it is, given the balanced feedback, hence no revision. Hope Ericsson may be able to live with it.
Proposal 2.3a(II): For A-IoT DL, 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.
2.4 A-IoT DL FEC [ACTIVE]
2.4.1 Round I

Papers which discuss the possibility of DL FEC are focused on the extremely low power consumption and processing capability of A-IoT devices, particularly the ~1 uW devices, and the further constraint of the harmonized design requirement, and principally conclude it cannot be introduced. A number of companies make no proposal other than line coding for DL (for which see Section 2.3).
Proposal 2.4a(I): A-IoT DL study assumes no forward error-correction code (FEC) is introduced.
	Company
	Views

	Qualcomm
	We understand no FEC should be reasonable baseline for device 1, while we prefer not to exclude possible FEC for device 2. We suggest to change the proposal as follows:
A-IoT DL withstudy assumes at least the case with no forward error-correction code (FEC) is considered introduced


	CATT
	Ok with the proposal

	CMCC
	Support

	China Telecom
	We are fine with Qualcomm’s revision.

	vivo  
	Support the proposal. 

In our view, it is infeasible to support FEC decoding by 1us power consumption. 

	IDCC
	Ok.

	xiaomi
	We support this proposal.

	Spreadtrum
	Support

	OPPO
	Simple FEC could be introduced for better coverage performance design. Repetition code is one simple FEC, e.g., bit “1” could be encoded to “11..11” while bit “0” encoded to “00..00”. Thus, A-IoT could make error correction with extremely low power consumption and process capability of A-IoT devices. In our views, at least repetition code should be introduced.

	Lenovo 
	Ok with the Qualcomm suggested wording 

	FUTUREWEI
	Okay with proposal. 

	Huawei, HiSilicon
	We support this proposal.

We do not think it is feasible for FEC to be supported on the DL side by the devices in a harmonized design, primarily because of the limited peak power consumption restrictions, and need for volatile storage for route metrics, de-interleaving, etc.

	Samsung
	OK with the proposal, but we would like to clarify that repetition is not excluded, given that repetition might be interpreted as repetition code belonging to FEC.

	Ericsson
	We are fine with Qualcomm’s revision. It is too early to preclude FEC, at least for device type 2.

	DEADLINE

	NTT DOCOMO
	We support QC’s proposal considering that simple FEC scheme can be supported for device type 2.

	TCL
	We support this proposal.

It is difficult for power-limited device to decode FEC.

	Apple
	OK, with the understanding that simple repetition coding is still allowed.


2.4.2 Round II

It was not the intention to address repetitions, although not sure they are usually considered a class of FEC. Hence revised as below, and hoping to address Qualcomm’s request.
Proposal 2.4a(I): A-IoT DL with no forward error-correction code (FEC) is studied.
· This does not preclude repetition.
	Company
	Views

	
	

	
	


2.5 A-IoT DL CRC [ACTIVE]

2.5.1 Round I

There is no opposition stated in papers to a CRC for DL/UL. (For UL see Section 3.5). The proposals are either derived from NR, or from RFID. A few proposals choose a shorter CRC for smaller message sizes, and a longer CRC for larger message sizes.  

Proposal 2.5a(I): A-IoT DL study assumes use of CRC. Down-select among:

· Alt 1: CRC(s) from NR (TS 38.212)
· Alt 2: CRC(s) from RFID (EPC RFID C1G2)
· FFS: Association, if any, between down-selected CRC(s) and message size
	Company
	Views

	Qualcomm
	We are fine to assume use of CRC for A-IoT DL. However, the down selection part is unclear. We wonder whether the proposal is to down select the CRC polynomials, or overall CRC attach mechanisms.
We suggest following: A-IoT DL study assumes use of CRC. FFS how/whether to re-use of existing CRC polynomials from NR (TS38.212) and/or RFID (EPC EFID C1G2), including down selection from them. 


	CATT
	We are OK to study CRC for interrogation signals but like to have open study of CRC polynomial and its size based on the agreed message size during the study instead of the NR or RFID CRC being the default choice.   

	CMCC
	We should consider the message size before agree on specific CRC bit length. 

	China Telecom
	Considering the similarity of RFID and A-IoT devices, we think the CRC types supported by RFID can be reused for A-IoT devices, i.e., CRC-5 and/or CRC-16. The transmitted data size can be a fixed number to save calculation memory and avoid more complexity. Further study whether more values of data size are needed or not.

	vivo  
	We support CRC, but this proposal is a bit unclear. 

In NR 38,212, L=6, 11, 16, and 24 (with 3 different generator polynomials) are supported. In C1G2, L=5 and L=16 is supported. The generator polynomial for L=16 is the same for both cases. So, is the down-selection mainly about the length of CRC ?

Proper length of CRC depends on message size, target false alarm rate and complexity. It would be too early to restrict candidate CRC length within alt 1 and alt 2. For example, R19 LP-WUS considers 8-bit CRC. 
Besides, the possibility of some specific DL or UL transmission without CRC should also be studied. E.g., for RN16 in RFID, there is no CRC. 
Therefore, we suggest following:

Proposal 2.5a(I): A-IoT DL study assumes use of CRC. FFS details for CRC generator polynomials and CRC length, including whether/how reuse CRC(s) from NR (TS 38.212) and/or RFID (EPC RFID C1G2) and others, and the case without CRC for certain message type. 

	IDCC
	Same view as Vivo and support the correction by Vivo.

	xiaomi
	We support this proposal. And we more prefer the alt 2, because for small TB size, it is not necessary to use the long CRC as specified in NR for the transmission efficiency.

	Spreadtrum
	We are fine to use CRC for A-IoT DL. FFS for the details.

	OPPO
	We are OK to study whether /how to support CRC. While we think it is too detail to study the relationship between CRC length and message size. We prefer to remove the FFS part, or change to FFS details. 

	Lenovo
	Depending on the agreed payload size, the CRC can be discussed 

	FUTUREWEI
	We can also include polynomials from 36.212 also

	Huawei, HiSilicon
	We are supportive of this proposal, with our preference to select Alt 1 since they are already well-evaluated in 3GPP.

One aspect to be handled is the CRC length and its impact on transmission efficiency. Given the variable message size (96 bits to 1000 bits), we need to consider the overhead that is caused by the addition of CRC, hence we should not limit to just one CRC length.

	Samsung
	We support to use CRC but consider description is not good way forward. There are variable types of CRC in legacy NR system, thus Alt 1 looks ambiguous. For alt 2, we prefer not to referring RFID in 3GPP agreement, and suggest to directly describe on what is that CRC look like.

	Ericsson
	We agree with others that it is too early to preclude other options. We prefer Qualcomm’s or Vivo’s revision.

	DEADLINE

	NTT DOCOMO
	We are fine to assume using CRC but it is premature to narrow-down the length of CRC, including the possibility of no CRC bits.

	TCL
	We support this proposal.

Device 1 can refer to C1G2, like L<16 to reduce the power consumption and save the memory. Device 2 can refer to NR, like L>26 to support high performance transmission

	Apple
	OK with the main bullet but do not support the sub-bullets. Fine with QC’s or vivo’s version.


2.5.2 Round II

We should be able to cover all the points by generalizing like this. But FL wonders if we can already decide to use from among the NR CRCs?
2.5a(II): A-IoT DL study assumes use of CRC. FFS which NR CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.

	Company
	Views

	
	

	
	


2.6 A-IoT DL multiple access [ACTIVE]
2.6.1 Round I

The principal constraint on the design of A-IoT DL multiple access is identified as the likelihood of an RF envelope detector in at least the lower-power consumption A-IoT devices, which seems to make any other multiple-access scheme non-compatible in a harmonized design.
The FL proposals below use e.g. TDM(A), meaning time‑division multiplexing (TDM) and time‑division multiple-access (TDMA), to reflect the cases of multiplexing between messages and between recipients.

Proposal 2.6a(I): A-IoT DL study includes TDM(A). Further details are FFS.
	Company
	Views

	Qualcomm
	We think the proposal is reasonable.

	CATT
	OK with the proposal

	China Telecom
	We support FL proposal.

	vivo  
	Support TDMA as baseline. 

	IDCC
	Ok with the proposal.

	xiaomi
	We support this proposal.

	Spreadtrum
	Support 

	OPPO
	OK

	Lenovo 
	Ok

	FUTUREWEI
	Ok

	CEWiT
	Support

	Huawei, HiSilicon
	We are supportive of this proposal.

	Samsung
	OK

	Ericsson
	We agree with the proposal.

	DEADLINE

	LGE
	We prefer to study both TDM and FDM for the moment, but we can live with this proposal.

	NTT DOCOMO
	We are fine with this proposal but the description of proposal can be update as multiplexing here means multiplexing among DL signals for different A-IoT UEs to make it clear. We may need to clarify how the DL signal for A-IoT UE can be multiplexed with legacy NR channel/signal especially for in-band operation.

	TCL
	Fine

	Apple
	OK


Proposed conclusion 2.6b(I): FDMA requires further discussion before potential inclusion in A-IoT DL study.
	Company
	Views

	Qualcomm
	It would be good to clarify that the FDMA here intends FDMA between A-IoT DL signals in the same carrier from the same/different reader(s) to different A-IoT devices.
We think we do not need to close the door for the possibility, but we agree TDM(A) should be the basic MA scheme.

	CATT
	FDMA should not be excluded from the UL response signals during the study.   

	CMCC
	We support TDMA should be basic scheme.

	China Telecom
	We are open with FDMA. More discussion is needed.

	vivo  
	We are fine to further discuss the feasibility for FDMA. 

In our view, it would be infeasible for FDMA for device with RF ED. For device with BB or IF ED, it would be quite complicated for device to derive the frequency location of signal bandwidth within the system bandwidth. 

	IDCC
	Ok to discuss FDMA further.

	xiaomi
	We support this proposal.

	Spreadtrum
	A-IoT DL study should includes FDMA. 

As illustrated in our contribution[R1-2400058], FDMA should not be excluded at this early stage, as it can potentially improve A-IoT system capacity and spectrum efficiency.

	OPPO
	FDMA can increase the capacity and reduce latency compared to TDMA. It can be further studied. 

	Lenovo
	Ok

	FUTUREWEI
	Ok

	CEWiT
	Support

	Huawei, HiSilicon
	We do not think that FDMA can be used in DL because of the fact that many of the devices use RF envelope detection for receiving the signal, and would not be able to extract different downlink signals being simultaneously sent in adjacent channels. No further discussion is required.

	Samsung
	We disagree with using DL FDMA but can accept further discussion.

	Ericsson
	We don’t see this conclusion as necessary, but if the proposal is considered, we also think it would be good to make the clarification mentioned in Qualcomm’s reply.

	DEADLINE

	LGE
	We see that TDMA alone has some limitations on increasing the device multiplexing capacity. So, study on FDMA solutions is important.

	NTT DOCOMO
	Support this proposal. Same comments as 2.6a that multiplexing here may need clarification.

	TCL
	Support to discuss FDMA further

	Apple
	It depends on the context of FDMA. It can be possible if different devices are operating on different A-IoT channels.


2.6.2 Round II (high priority)
Proposal 2.6a(I) seems stable, so is not revised.

Proposal 2.6a(I): A-IoT DL study includes TDM(A). Further details are FFS.

Proposed conclusion 2.6b: The points from Qualcomm and Spreadtrum’s R1-2400058 appear to correspond, but beyond that, it seems the views are too mixed to yet decide we will include FDM(A) for the A-IoT DL. 

Proposed conclusion 2.6b(II): FDM(A), i.e. between A-IoT DL signals in a Bchan,DL from the same/different reader(s) to different A-IoT devices, requires further discussion before potential inclusion in A-IoT DL study.

	Company
	Views

	
	

	
	


2.7 A-IoT DL numerology
2.7.1 Subcarrier spacing(s) [ACTIVE]
2.7.1.1 Round I
There is general support to define a 15 kHz SCS principally due to orthogonality with NR deployments, and a number of papers discuss 30 kHz. There are a few proposals for SCS smaller than 15 kHz, but such SCS could not be orthogonal to any NR SCS.

Proposal 2.7.1a(I): A-IoT DL study includes a subcarrier spacing of 15 kHz.

	Company
	Views

	Qualcomm
	We wonder whether this proposal intends to clarify SCS for A-IoT reader (transmitter) or A-IoT device (receiver). In our understanding, A-IoT device (receiver) does not distinguish whether the SCS is 15kHz or not. 
We suggest following: For A-IoT DL study with reuse of NR OFDM transmitter, sub-carrier spacing of 15kHz can be assumed.


	CATT
	If OFDM is not used for the waveform, there is not SCS for the A-IoT

	CMCC
	As our earlier comment, the SCS 15kHz is from transmitter perspective. 
We think support 15kHz only would reduce the specification effort. 


	China Telecom
	We support to reuse SCS value in legacy LTE/NR system as a starting point, such as 15KHz and/or 30KHz. It is not precluded to define new additional SCS value specific to A-IoT.

	vivo  
	We support SCS=15KHz.  
For clarification, this proposal is for the assumption for SCS for gNB/intermediate node to generate OFDM-based OOK, but A-IoT device (receiver) does not distinguish whether the SCS is 15kHz or not. To avoid confusion, it is better to add ’from gNB/intermediate node’s perspective’


	IDCC
	Ok.

	xiaomi
	We support this proposal.

	Spreadtrum
	Support and we also have the same understanding with QC, CMCC and vivo with adding clarification.

	OPPO
	This is related to waveform. We can discuss numerology when waveform is determined. 

	Lenovo
	Ok with Qualcomm suggested wording for the in-band deployment

	FUTUREWEI
	Okay with Qualcomm version

	CEWiT
	Support

	Huawei, HiSilicon
	We are supportive of this proposal.

	Samsung
	OK

	Ericsson
	We are fine with prioritizing 15 kHz DL SCS over other DL SCS values.

	DEADLINE

	LGE
	Okay.

	NTT DOCOMO
	We support this proposal and fine with further clarification this is from transmitter perspective.

	TCL
	OK

	Apple
	OK


Proposal 2.7.1b(I): A-IoT DL study includes a subcarrier spacing of 30 kHz.

	Company
	Views

	Qualcomm
	We wonder whether this proposal intends to clarify SCS for A-IoT reader (transmitter) or A-IoT device (receiver). In our understanding, A-IoT device (receiver) does not distinguish whether the SCS is 30kHz or not. 

We suggest following: For A-IoT DL study with reuse of NR OFDM transmitter, sub-carrier spacing of 30kHz can be assumed.


	CATT
	If OFDM is not used for the waveform, there is not SCS for the A-IoT

	CMCC
	Prefer 15kHz first, unless there are strong interests.

	China Telecom
	We have the same view as Proposal 2.7.1a(I).

	vivo  
	We prefer to further discuss SCS=30KHz before potential inclusion in A-IoT DL study. 

Multiple candidate SCS increases AIoT device complexity, e.g., blind detection, which is undesirable for 1uW device. 

	IDCC
	Ok.

	xiaomi
	We support this proposal.

	Spreadtrum
	30kHz can be second priority and for further study.

	OPPO
	Same comment as above

	Lenovo
	For inband, 15KHz is sufficient. 

	FUTUREWEI
	Ok 

	Huawei, HiSilicon
	We do not support the study of 30 kHz SCS because of 2 main issues.

One is that sufficient CP length is required in order to counter the large delay spread of multi-path channels due to the relatively large inter-site distances for FDD base stations. 

Secondly, the complexity of implementing both SCSs/CPs in the same device would be complex and costly, unlikely to be practically realized. Perhaps 30 kHz would be considered in future, given its deployment applicability tends more towards TDD bands.

	Samsung
	We think the necessity of 30 KHz can be further justified rather than agreed now.

	Ericsson
	We are fine with prioritizing 15 kHz DL SCS over other DL SCS values.

	DEADLINE

	LGE
	Okay to study.

	NTT DOCOMO
	We support potential inclusion of 30kHz SCS and fine to consider it as second priority. Considering the coexisting with legacy NR, 30kHz SCS may be more preferable for some band of FR1 FDD. Whether A-IoT UE can support multiple SCSs can be FFS.

	Apple
	OK


Proposal 2.7.1c(I): Subcarrier spacings smaller than 15 kHz require further discussion before potential inclusion in A-IoT DL study.

	Company
	Views

	Qualcomm
	We wonder whether this proposal intends to clarify SCS for A-IoT reader (transmitter) or A-IoT device (receiver). In our understanding, A-IoT device (receiver) does not distinguish whether the SCS is less than 15kHz or not. 

We suggest following: For A-IoT DL study with reuse of NR OFDM transmitter, FFS whether sub-carrier spacing of less than 15kHz can be assumed.


	CATT
	If OFDM is not used for the waveform, there is not SCS for the A-IoT

	CMCC
	We don’t support less than 15kHz from transmitter perspective. 


	China Telecom
	Considering that the semi-passive/passive A-IoT devices are not sensitive to latency, thus new additional SCS value specific to A-IoT can also be considered, such as 7.5KHz, 3.75KHz.

	vivo  
	Agree. 
No clear motivation for SCS less than 15KHz. 


	IDCC
	We are not sure if there is a need for SCS less than 15 kHz but we can discuss it.

	xiaomi
	We support this proposal.

	Spreadtrum
	We don’t support subcarrier spacings smaller than 15 kHz. It need to clarify that the benefit of using the subcarrier spacings smaller than 15 kHz and not be orthogonal to any NR SCS as FL point out.

	OPPO
	Same comment as above

	Lenovo
	Motivation for SCS less than 15KHz for inband deployment is not clear and coexistence with NR is difficult.

	FUTUREWEI
	Ok

	Huawei, HiSilicon
	We do not support this proposal because having SCSs smaller than 15 kHz would mean that orthogonality between A-IoT DL and NR would not be possible.

	Samsung
	We don’t see the necessity of using SCS<15 KHz.

	Ericsson
	We are fine with prioritizing 15 kHz DL SCS over other DL SCS values.

	DEADLINE

	LGE
	Okay to further discuss.

	NTT DOCOMO
	We support this proposal. At this point, we can put FFS on whether to study other SCSs than 15/30 kHz SCS.

	TCL
	Okay to further discuss.

	Apple
	OK


2.7.1.2 Round II

Based on the inputs, it seems we can go as follows, by utilizing the updated wording of Proposal 2.1a(II) (DL waveform).
Proposal 2.7.1a(II): A-IoT DL study includes a subcarrier spacing of 15 kHz, from the transmitter perspective, for OFDM-based waveform.
	Company
	Views

	
	


Proposal 2.7.1b(II): A-IoT DL study does not include a subcarrier spacing of 30 kHz, from the transmitter perspective, for OFDM-based waveform..
	Company
	Views

	
	


Proposal 2.7.1c(II): A-IoT DL study does not include subcarrier spacings smaller than 15 kHz, from the transmitter perspective, for OFDM-based waveform.
.
	Company
	Views

	
	


2.7.2 Time unit(s) [INACTIVE]
Time unit represents the smallest time domain resources needed for the following purposes.

· Time domain signal generation 
· Time domain resource allocation
The definition of a basic time unit Tc depends on if OFDM structure should be applied to A-IoT DL, which is used for the generation of time domain OFDM signal in NR. Hence, the following proposal is deferred until after Section 2.1.
Proposal 2.7.2a(I): A-IoT DL study assumes the basic time unit of DL Tc reuses the definition in NR.

	Company
	Views

	Qualcomm
	Same as for the previous discussions.
We suggest following: For A-IoT DL study with reuse of NR OFDM transmitter, the basic time unit of DL Tc reuses the definition in NR.


	CATT
	We are OK with the proposal. 

	CMCC
	Need to clarify the Tc is from transmitter perspective or receiver perspective. For receiver perspective, we think it should be another value related to the receiver sampling frequency, such as 1-2Mchip/s



	China Telecom
	We are fine with FL proposal. 

	vivo  
	Is this proposal is also from gNB/intermediate node’s point of view ? 

From AIoT device’s point of view, due to much lower sampling rate by AIoT device compared with NR UE, Tc would be meaningless.   

	IDCC
	Ok.

	xiaomi
	We support this proposal.

	Spreadtrum
	We are fine with FL proposal from NR OFDM transmitter perspective.

	OPPO
	OK

	FUTUREWEI
	Ok

	CEWiT
	Support

	Samsung
	We suggest to define chip duration, including CP, to align with NR symbol boundary and to reuse same hardware of gNB. 

Also, we would like to point out that FL proposal made in different AI is inconsistent with the current proposal, i.e., basic time unit to be chip duration vs reuse NR definition. 

	Ericsson
	Ok.

	DEADLINE

	LGE
	From gNB/UE perspective, yes.

	TCL
	It is not clear the sampling rate of different AIoT devices. We think it can be further discussed

	Apple
	We should be clear about the context of this definition. We would suggest the following based on QC’s proposal: For A-IoT DL study with reuse of NR OFDM transmitter, the basic time unit of DL Tc reuses the definition in NR from the transmitter perspective. FFS from receiver perspective.


The definition of a smallest resource allocation unit in time in various proposals depends on whether we have DL line codes and the duration of a modulated symbol, which result in the concept of chips. Hence, proposals under this section are deferred until after Section 2.3 and 2.2.
Proposal 2.7.2a(I): A-IoT DL study defines a smallest unit of DL resource allocation, of duration XDL.
· FFS definition of XDL in relation to at least modulation scheme(s), line code(s), chips.

· FFS: Relation, if any, with OFDM symbol length
	Company
	Views

	Qualcomm
	OK with the proposal.

	CATT
	OK with the proposal

	CMCC
	This definition is from receiver perspective? Need some clarification. But in principle we are fine to define.



	China Telecom
	We are fine with FL proposal.

	vivo  
	Ok to discuss this proposal until after Section 2.3 and 2.2

	IDCC
	Ok.

	xiaomi
	We support this proposal.

	Spreadtrum
	OK with the proposal. But it needs to clarify the relationship between the basic time unit of DL Tc and the smallest resource allocation unit XDL.

	OPPO
	OK

	FUTUREWEI
	Ok

	CEWiT
	Fine with the proposal.

	Samsung
	We suggest to define a chip duration. And study the need of introducing resource unit of a set of multiple of chip durations

	Ericsson
	Ok.

	DEADLINE

	LGE
	Okay.

	TCL
	OK

	Apple
	OK


Following the proposals in Section 2.1, it is necessary to decide what level(s) of alignment between A-IoT and OFDM time definitions are required. The minimum necessary should be symbol alignment, so that orthogonality by CP is achieved, and there are a few proposals of no need to require alignment to slot/frame/subframe.
Proposal 2.7.2c(I): A-IoT DL study assumes chip alignment with OFDM symbol boundary, and assumes no alignment with NR/LTE DL slot boundaries, frame boundaries, subframe boundaries.
	Company
	Views

	Qualcomm
	We suggest following: 
· For A-IoT DL study with reuse of NR OFDM transmitter, alignment between A-IoT DL chip and OFDM symbol boundary is studied. 
· For A-IoT DL study, alignment between A-IoT DL chip and NR/LTE DL slot boundaries, frame boundaries, subframe boundaries, are not considered.


	CATT
	We agree with Qualcomm’s suggested wording. 

	CMCC
	support 

	China Telecom
	We are fine with FL proposal.

	Vivo  
	We agree with the alignment with OFDM symbol boundary, and it does not need to align with frame and subframe boundary. 

For the slot boundary, it depends on CP handling issue under section 2.1, considering longer CP every 0.5ms in NR system. 

And one clarification, though it does not need to restrict the alignment with frame/subframe boundary, gNB/intermediate node still can align the AIoT DL transmission with frame/subframe boundary, e.g., to support subframe level TDM between NR and AIoT DL. 

All these should be up to transmitter implementation in our view, which can be treated with a low priority and a conclusion might enough.

	xiaomi
	We support this proposal.

	Spreadtrum
	We support the modification by QC.

	FUTUREWEI
	Ok

	CEWiT
	We can have the symbol level alignment wrt the BS as it can reuse the existing OFDM waveform for downlink signal

	Samsung
	Support the chip alignment with OFDM symbol boundary, including CP.

We think since the DL signal is generated by gNB. From transmission point of view, we don’t see the need to agree on no alignment with NR DL slot/frame/subframe boundaries. 

	Ericsson
	Since two symbols per slot in NR have longer CP, it may be too early to exclude slot alignment.

	DEADLINE

	LGE
	Prefer the wording from QC with a slight modification in the second bullet.

“are not considered” ( “are not assumed”.

In this way, we can also discuss the necessity of OFDM symbol boundary alignment.

	TCL
	Support

	Apple
	OK


2.8 A-IoT DL bandwidths [ACTIVE]
2.8.1 Round I

We can consider a generalized bandwidth structure as in Proposal 2.7a, to establish which elements companies think are needed. Whether there should be the three concepts of signal, channel, and system bandwidth is not clear from papers as companies use terminologies which are not yet aligned and/or may overlap.
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Proposal 2.8a(I): A-IoT DL study defines at least the following bandwidths:

· Transmission bandwidth, Btx,DL
· Occupied bandwidth, Bocc,DL
· The channel bandwidth at least surrounds the signal bandwidth
	Company
	Views

	Qualcomm
	Clarification is necessary on the sub-bullet: The channel bandwidth at least surrounds the signal bandwidth.

	CATT
	We only need occupied BW for each A-IoT channel.   We might have multiple A-IoT channels for the operations of A-IoT system (system BW)  

	CMCC
	First we need to clarify from D2R receiver perspective, if RF ED is used, Btx,DL is not needed.
Secondly, Bocc,DL is the A-IoT signal transmission BW and some guard suncarriers? It is not quite clear how it matters to the receiver. 

Third, we are not clear what does the Bsys,DL for. Is that from receiver perspective? For example, from receiver RF filter perspective. If that is the case, we are OK with what CATT said, we can have multiple A-IoT channels for the operations of A-IoT system BW.
Proposal 2.8a(I): A-IoT DL study defines at least the following bandwidths:
· Transmission bandwidth, Btx,DL from transmitter perspective, which includes the frequency resources used for transmitting A-IoT downlink (R2D) signals
· Occupied bandwidth, Bocc,DL from transmitter perspective, which includes the frequency resources used for transmitting A-IoT downlink (R2D) signals and guard subcarriers.
· System bandwidth, Bsys,DL from both transmitter and receiver perspective, which includes the frequency resources that are confined within the receiver RF filter. 


	China Telecom
	We are fine with FL proposal. More clarification on occupied bandwidth is needed.

	vivo  
	The figure is unclear, what is outside the Btx,DL? Is it reserved guard band? What is difference between guard band within Bocc,DL and outside Bocc,DL but within Bsys,DL ? 
In our understanding, Btx,DL is the bandwidth the transmitted signal occupies, and Bsys,DL covers Btx,DL and reserved resources (guard band), which can be understood as channel bandwidth. No signals including NR signals can be transmitted in the reserved resources. If FDMA among AIot devices is supported, Bsys,DL includes multiple Btx,DL and reserved guard bands surrounding them.  

We suggest to revise the proposal as below, 
Proposal 2.8a(I): A-IoT DL study defines at least the following bandwidths:

· Transmission bandwidth, Btx,DL
· System bandwidth, Bsys,DL
· The channel bandwidth includes the signal bandwidth and guard band surrounding the signal bandwidth (s). 



	IDCC
	The figure and proposal are a bit unclear. What is occupied bandwidth? 

	xiaomi
	We think there needs clarify the motivation of defining the transmission bandwidth and occupied bandwidth, and the definition of occupied bandwidth is also not clear.

	Spreadtrum
	We think that proposing too many definitions of bandwidth would make the discussion more complex, and a simple definition should be proposed. 

More clarification is needed to distinguish the following bandwidth definition: Transmission bandwidth, Occupied bandwidth, Channel bandwidth and Signal bandwidth.

	OPPO
	OK

	Lenovo 
	Definition of transmission and occupied BW is not clear, the transmission BW is the AIoT signal transmission and occupied bandwidth includes the guard band? 

	FUTUREWEI
	We agree with the sub-bullets but we are unclear what are the channel bandwidth and signal bandwidth in the figure

	CEWiT
	Support in general but needs a clarification on the sub-bullet.

	Huawei, HiSilicon
	We are supportive of this proposal.

For DL, it is not required for the occupied or channel BW to be larger than that of the signal or transmission BW, if the DL waveform is OFDM-based, symbol-aligned, and subcarrier aligned. 

	Samsung
	OK with clarifying different types of bandwidths, but the definitions and their mapping relationship with signal/channel/system BW are still unclear according to current proposal. 

We think this proposal are very generic statement and more clear definition for both bandwidths needs to be included for agreement. 

	Ericsson
	Ok. Perhaps system bandwidth can also be added to the list, at least as FFS.

	DEADLINE

	NTT DOCOMO
	We are fine with this proposal in principle to clarify the definition of each bandwidth, but the current proposal is not clear enough and updates by CMCC can be the baseline.

	TCL
	We support the transmission bandwidth and occupied bandwidth with guard-band because of the non-idea RF filter and other NR interference. 

It is unclear to understand the syb-bullet.

	Apple
	We think more clarification is needed for occupied bandwidth and channel bandwidth.


Company views on whether there is a concept of DL A-IoT ‘system bandwidth’ are not obvious. FL would appreciate clarifications, hence the following question. At least to clarify the point, we should assume the (if defined) Bsys,DL ≥ Bocc,DL≥ Btx,DL.
Question 2.8b(I): Do you think we need to define a DL A-IoT system bandwidth Bsys,DL with at least the characteristic Bsys,DL ≥ Bocc,DL ≥ Btx,D? If so, how is it defined in your view?

	Company
	Views

	Qualcomm
	At the end, we would need to define them. However, it is not clear to us why these have to be defined from the beginning of the study.

	CATT
	Each A-IoT operation is one A-IoT channel.  The A-IoT system consists of number of A-IoT channels

	CMCC
	We are fine. 

	vivo  
	We think guard band is at least needed to avoid interference falling into RF ED, so Bsys,DL  > Btx,DL

	xiaomi
	Similar with above question, the motivation needs be clarified.

	Spreadtrum
	Yes. DL A-IoT system bandwidth Bsys,DL can be used to support DL FDMA transmission.

	OPPO
	If system bandwidth is introduced, whether there can be NR transmission in between 2 adjacent A-IoT occupied bandwidth?

	Lenovo 
	This proposal is not needed but definition of the term is needed 

	FUTUREWEI
	Yes a definition is needed because the transmissions on the downlink are restricted to within the system bandwidth. 

Typo: Btx,DL

	CEWiT
	Support

	Huawei, HiSilicon
	We do not think a system bandwidth would be any different to the occupied or channel bandwidth, hence no need to define it. More specifically, we think Bocc,DL = Btx,D.

The reason for this is because orthogonality between the A-IoT DL transmission and NR.

	Samsung
	Similar to our last comment, the definition of Bocc,DL and Btx,D need to be clarified at first.

We consider the system bandwidth can be defined as a bandwidth that all A-IoT DL signals/channels are transmitted within. 

In addition, if there exists guard interval between NR and A-IoT system or between A-IoT systems, it needs to clarify whether the guard interval are included in system bandwidth. We are open with this issue for now.

	Ericsson
	The suggested ordering seems to make sense.

	
	DEADLINE

	NTT DOCOMO
	We are fine to study system bandwidth with the assumption of formula in proposal.

	TCL
	To better demodulate the DL signal by RF-ED, Bocc,DL and Btx,DL are needed

	Apple
	How is system bandwidth related to occupied bandwidth and channel bandwidth in the previous proposal?


Proposal 2.8c(I): Btx,DL is 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))

· Alt 4: A whole NR band
	Company
	Views

	Qualcomm
	We think first we need to discuss required chip/data rate for A-IoT DL. This gives a first step to identify the required transmission bandwidth. Then, depending on the A-IoT DL waveform, occupied bandwidth maybe able to be identified.  

	CATT
	We would like to have this open in the study since OFDM might not be the waveform.  

	CMCC
	Supporting a BW configuration no more than the NB-IoT is more reasonable considering a system capability is worse than that. In this regards, we think at least 180kHz should be considered. Other alternatives are not precluded. Especially we need to take that data rate requirement into consideration. We don’t support Alt4 since we don’t think the whole NR band is a good choice for operators’ deployment.

	China Telecom
	We are open with the down-selection of Btx,DL. We support the transmission bandwidth of 1RB (180KHz) as a starting point, at least for A-IoT devices with 1 µW peak power consumption.

	vivo  
	We think narrow band, e.g., 180KHz, and wider band, e.g., multiple 180KHz can be studied for Btx,DL. 

On one hand, the minimum Tx bandwidth should be no smaller than data rate. On the other hand, if system bandwidth is large due to reservation to avoid interference, transmission bandwidth can be extended to occupy most of the system bandwidth to improve performance. 

The transmission bandwidth can be in a range, it may not need down-selection. 

For Alt 4, considering guard band, e.g., also avoid adjacent channel interference, we don’t think the transmission occupying a whole NR band is needed. 

	IDCC
	We should first study data rate, etc. We think Alt2 and Alt1 can be studied. 

	xiaomi
	Similar with above question, the motivation needs be clarified.

	Spreadtrum
	We should decide Btx,DL after the DL waveform is determined.

	OPPO
	OK 

	Lenovo
	For in-band, 180KHz or multiple of 180KHz BW can be considered. For other spectrum deployment and other device types, different values can be FFS

	FUTUREWEI
	With OFDM and from a coexistence perspective, Alt 1 and Alt 2 are starting points

	Huawei, HiSilicon
	Alt 1 to 3 are able to produce equivalence under certain circumstances, but we think Alt 2 is an appropriate granularity. It is not necessary to allocate an entire NR band, once assuming the device has appropriate CP handling.. 

	Samsung
	OK to list all possibilities but we consider some alternatives e.g. Alt 4 doesn’t make sense.

	Ericsson
	We are fine with the proposal (and we have some preference for Alt 2 including the special case where the integer is 1).

	DEADLINE

	NTT DOCOMO
	We support to study at least Alt.1/2/3.

	TCL
	We support 1PRB as a staring point.

	Apple
	We are open to consider different alternatives, except that Alt 4 needs some clarification.


For the relationship(s) between Bocc,DL and Btx,DL, there seem to be suggestions of having them be equal, to imply no  guard-band between A-IoT and NR/LTE, and also proposals to make Bocc,DL much wider than Btx,DL, implying a substantial guard-band between A-IoT and NR/LTE. But there are not many discussions of this, so FL requests views.
Question 2.8d(I): What is your view on Bcc,DL relation between Btx,DL and another RAT? E.g., should it be left to RAN4?
	Company
	Views

	Qualcomm
	We think first we need to discuss required chip/data rate for A-IoT DL. This gives a first step to identify the required transmission bandwidth. Then, depending on the A-IoT DL waveform, occupied bandwidth maybe able to be identified.

	CATT
	We need to discuss the BW, waveform and physical signals/channel/structure first.  

	CMCC
	Pending this discussion is preferred. Since we are not clear on the BW of A-IoT now.



	vivo  
	It is unclear, what is the occupied bandwidth Bocc,DL. 

If the intention is to discuss the guard band to avoid interference, RAN1 can discuss it to achieve common understanding, e.g., whether the system bandwidth should be comparable to RF ED bandwidth, and leave the detailed value to RAN4. 

	xiaomi
	We think this issue is up to RAN4’s decision. Because in current RAN4’s specification, there define the transmission bandwidth and channel bandwidth for NR.  

	Lenovo
	Guard band and the scenarios where the guard band is necessary, need to be discussed in RAN1

	FUTUREWEI
	With multiple RATs, RAN4 would need to provide the relationships

	Huawei, HiSilicon
	As mentioned in previous responses, we support not having a guard band between A-IoT and NR. So, Bocc,DL = Btx,DL. 

	Samsung
	At first, we consider cross-system interference is an important issue for A-IoT and NR coexist, at least for in-band and guard-band modes. Therefore, if the intention of this question is regarding guard-band between A-IoT and NR/LTE, we consider the existence of the guard-band is necessary.

Secondly, we think the definitions of Bcc,DL and Btx,DL are confusion and companies have different understanding. The definitions needs to be clarified at first.

	Ericsson
	Since in DL we can have perfect time synchronization between A-IoT and legacy NR, we have the option to use CP and symbol alignment to isolate A-IoT and NR/LTE at the expense of device demodulation/decoding complexity. RAN1 can study/decide whether to use CP or guard band for isolation between A-IoT and NR/LTE, and then RAN4 can study/decide the size of the guard band.

	DEADLINE

	NTT DOCOMO
	We tend to agree that the guard band between legacy NR and A-IoT should be studied while detailed values are up to RAN4 study.

	TCL
	We think this issue can be discussed in RAN4

	Apple
	This needs further study and the study can be done in RAN4.


2.8.2 Round II

First, the sub-bullet in 2.8a(I) was supposed to be deleted, sorry about that!

It seems the proposal needs more detail to help companies have aligned terminologies. FL is not sure if RAN1 needs to define a DL “system bandwidth” based on the comments to proposal 2.8b(I), so puts the bullet here to collect responses.

Some companies say that no guard subcarriers are needed in DL between A-IoT and NR.

Proposal 2.8a(II): A-IoT DL study defines the following bandwidths:
· Transmission bandwidth, Btx,DL from transmitter perspective: The frequency resources used for transmitting A-IoT downlink
· Occupied bandwidth, Bocc,DL from transmitter perspective: The frequency resources used for transmitting A-IoT downlink, and guard subcarriers.
· System bandwidth, Bsys,DL from both transmitter and receiver perspective: The frequency resources that are confined within the receiver’s RF filter. 
· Bsys,DL ≥ Bocc,DL ≥ Btx,D
· FFS: Further constraint(s) between Bocc,DL ≥ Btx,D, e.g. Bocc,DL = Btx,D.
· Possible values of each bandwidth are FFS
THIS VERSION WAS DISCUSSED IN TUESDAY OFFLINE. 

SEE ROUND III.

2.8.3 Round III (high priority)
First, the sub-bullet in 2.8a(I) was supposed to be deleted, sorry about that!
This is updated after the Tuesday offline.
Proposal 2.8a(II): A-IoT DL study defines the following bandwidths, for RAN1 purposes:
· Transmission bandwidth, Btx,DL from Reader perspective: The frequency resources used for transmitting A-IoT downlink
· Occupied bandwidth, Bocc,DL from Reader perspective: The frequency resources used for transmitting A-IoT downlink, and potential guard subcarriers.
· Device maximum RF bandwidth, Bdevice,DL: The frequency resources that are within the receiver’s RF bandwidth, i.e. from the Reader perspective, the Reader’s transmission to the device has to be within this bandwidth. 
· FFS if it is needed to define a system bandwidth
· Bocc,DL ≥ Bdevice,DL  ≥ Btx,D
· FFS: Further constraint(s) between Bchan,DL ≥ Btx,D, e.g. Bchan,DL = Btx,D.
· Possible values of each bandwidth are FFS
	Company
	Views

	
	

	
	


3 Uplink

In this feature lead summary, “uplink” or “UL” is used as convenient reference for transmission to the A-IoT BS or intermediate UE from the A-IoT device.

3.1 A-IoT UL waveform [ACTIVE]
There is discussion of non-OFDM waveforms, single-tone, and single-carrier transmission in light of the very low power consumption and complexity of A-IoT devices compared to the complicated phasing needed for OFDM generation, while some companies also raise the possibility that it might be possible to use OFDM-based waveform in the UL. It seems we need first to more clearly understand the proposals.
3.1.1 Round I

Question 3.1a: What is your view on the UL waveform for A-IoT UL?
· Alt 1: Single-carrier (i.e., the device modulates a whole carrier of a given bandwidth)

· Example: Baseband signal is modulated onto a single RF carrier at frequency fc.
· Alt 2: Single-tone or single-subcarrier (i.e., there are multiple subcarriers or tones in the system, and device modulates only 1 of them)
· Example: A subcarrier k among K subcarriers, or equivalently a tone, is modulated by a baseband signal.
· Alt 3: Multi-carrier (i.e., there are multiple subcarriers in the system, and the device modulates any number of them)
· Example: OOK-1/OOK-4.

· Alt 4: Other, e.g., not OFDM-based but not Alt. 1.

FL note: The possibility to use a line code to achieve frequency shifting for FDM is a separate matter, discussed in Section 3.6. (RFID uses the term “subcarrier” differently than RAN1).
	Company
	Views

	Qualcomm
	The definitions of alternatives are very unclear to us. Further descriptions are appreciated.

	CATT
	The response should be single tone for a A-IoT UL channel.   However, the UL response could have the modulated waveform frequency shifter shifting to different carrier.  

	CMCC
	If backscatter is used, we think we only need to define that in the time-domain manner from device perspective. 
If from CW transmitter perspective, we can discuss the CW characteristics first in 9.4.2.4 before we conclude to use which type of CW, e.g., single tone, multiple single-tone, or OFDM signal.
We would prefer to support single tone or N single tone CW, where N can be 2 as a start point as pointed in our contribution in 9.4.2.4.


	China Telecom
	A single-tone sinusoid waveform can be considered as backscattered UL waveform.

	vivo  
	The description is still unclear. 

Maybe the key point is whether it is OFDM or non-OFDM based waveform. it is better to clearly categorize/spell out which alternatives belong to OFDM and which are not, and provide more clear description for each alternative. 

In our understanding, Alt 1 & Alt 4 belongs to non-OFDM based waveform, Alt 2 (like NB-IoT UL transmission) and Alt 3 (like gNB DL transmission for LP-WUS) belongs to OFDM based waveform. Maybe we can also add ‘with IFFT’ for alternatives belonging to OFDM. 

For Alt 1, single carrier may not necessarily need to occupy the whole system bandwidth. In case of FDM of multiple AIoT devices, e.g., by different BLF, each device only occupies a ‘sub-channel’ of the system bandwidth, not the whole system bandwidth. From gNB/intermediate node’s point of view, the sub-channel occupied by each device may equal to the bandwidth of a single or multiple subcarriers.   
We don’t support OFDM based UL waveform (Alt 2 and Alt 3), because it requires too stringent time/frequency sync unachievable by 1uW device and OFDM operation such as IFFT which leads to larger power consumption exceeding 1uW.  

	IDCC
	The proposal is unclear. We do not support OFDM based waveform for uplink.

	xiaomi
	The proposal is not clear. It is not clear for the difference between the alt1 and alt2. Whether the Single-tone or single carrier has the bandwidth needs be clarified.
For the harmonized design, the waveform of UL is depended on the waveform of carrier wave. And for the carrier wave with the single carrier, it is easier to handle self-interference.

	Spreadtrum 
	There are two types of UL transmission, i.e., the device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally. Considering the harmonized design to support the device implementation with carrier wave provided externally, the UL waveform for A-IoT UL should be based on the CW waveform.

	OPPO
	The e.g. part in Alt 4 is confusing, suggest to remove the e.g. part. 

	Lenovo
	The proposal and alternatives are not clear. We don’t support UL generation using OFDM at the device. Carrier wave however can be generated using OFDM either a single tone by muting all sub-carriers except the desired carrier wave or using multiple tones (multiple sub-carriers) which has better immunity against multipath.

	FUTUREWEI
	A single carrier (Alt 1) is probably the starting point

	CEWiT
	The definitions of alternatives are very unclear to us, so further clarification is needed. 

For device 1 and 2a, doesn’t have a notion of single tone or multi tone so, device simply operates on supported bandwidth.

 

	Huawei, Hisilicon
	A-IoT UL should be single-carrier waveform due the power consumption restriction which cannot perform IFFT based OFDM operation. Thus we prefer Alt1.

	Samsung
	Further clarification is needed.

What is the different between Alt 1 and Alt 2 from a tag perspective? The difference between Alt 3 and others, we think it may be based on the waveform of carrier wave, at least for passive tag. We don’t think it can be supported by low end passive Tag. 

Maybe there is no need to discuss UL waveform for backscattering based tag. And for the tag with self-generated CW, similar assumption can be used, assuming the generated CW is similar as received CW. 

	Ericsson
	For passive devices, single-tone (Alt-2) and multi-tone (Alt-3) OFDM waveforms can be considered for the UL as the passive devices do not need to “generate” the waveforms.

For active devices, OFDM generation may be difficult due to limited device capabilities. Nonetheless, the UL waveform should be decodable using legacy OFDM receiver in that it does not add to the receiver complexity. Therefore, for active devices, Alt-1, Alt-2, and Alt-4 can be considered.

	DEADLINE

	NTT DOCOMO
	With the understanding that Alt.2/3 are OFDM-based waveform, we are not sure how the device type 1, which can support only backscattered UL transmission, can support waveform based on Alt.2/3. 

	TCL
	Unmodulated single-carrier should be firstly considered. Other UL waveform like multi-tone may be used for UL to get the frequency diversity gain, but it’s not clear for other disadvantages.

	Apple
	For backscattering, the UL waveform would be the carrier wave waveform. In this case, single-tone and multi-tone carrier wave can be considered.

For the active devices, this can be further discussed.


3.1.2 Round II (high priority)
The terminologies in Alt 1 and Alt 2 especially were taken from papers, so it seems companies are not entirely using the same meanings. Let’s go back a step:
Proposal 3.1a(II): A-IoT UL study will down-select UL baseband waveform from:

· Alt 1: Not OFDM-based
· Alt 1-1: Single carrier waveform
·  Example: Baseband signal is modulated onto a single carrier.
· Alt 2: OFDM-based
FFS how the UL waveform is produced given a carrier-wave waveform
	Company
	Views – including if any other alternative proposed within Alt 1?

	
	

	
	


3.2 A-IoT UL modulation [ACTIVE]
3.2.1 Round I

A wider set of modulations are considered than in the DL, due to the more-sophisticated receiver assumed in the BS or intermediate UE. OOK/ASK, and low-order PSK such as BPSK are the principally-suggested candidates. There are some proposals also to consider FSK, since it can also be generated easily by devices and demodulated at the UL receiver, however there is some debate around its spectral efficiency.
This proposal does not mention OOK-1/OOK-4 due to the possibility of non-OFDM waveform in UL. If a multi-carrier waveform is adopted, such details would be taken up at that stage. 
Proposal 3.2a(I): A-IoT UL study includes OOK and BPSK.
	Company
	Views

	Qualcomm
	Yes.

	Wiliot
	We think BPSK is not suitable for device type 2, due to its higher power consumption for active devices as well as complexity for device type 1.

	CATT
	UL waveform should consider PSK/ASK/FSK in the study.  OOK is not a good candidate.  

	CMCC
	We are fine with the proposal. Both OOK and BPSK are supported from many backscatter system, such as RFID system. So we think we can start from these two schemes. We would like to also investigate other PSK schemes if feasible.


	China Telecom
	We support at least OOK can be reused as A-IoT UL modulation.

	vivo  
	We are fine with study of both schemes. But we prefer to have higher priority for OOK, because OOK is widely used in RFID product, while no clear deployment with BPSK, and there is no consensus on power consumption of BPSK within 1uW according to academic papers.



	IDCC
	Ok.

	xiaomi
	We support the OOK. 

We think BPSK is more complicated and not preferred, because phase detection is required.



	Spreadtrum
	We support OOK with highest priority for A-IoT UL study. Other modulations can be further study.

	OPPO
	OK

	Lenovo
	OOK/ASK with different modulation factor can be prioritized. PSK can be considered as well, while FSK might hard to be realized for passive devices that rely on backscattering.

	FUTUREWEI
	Ok

	CEWiT
	Support



	Huawei, Hisilicon
	We are supportive of this proposal, as OOK is the simplest implementation and BPSK has lower theoretical reflection loss while coming with higher device complexity, that might still be achievable.

	Samsung
	OK and OOK is our first preference, BPSK is our second preference.

	Ericsson
	Ok. OOK has poor PAPR, which may not be good for active devices, so study of BPSK should be included at least for active devices.


Proposal 3.2b(I): A-IoT UL study includes 2-FSK.
	Company
	Views – and which order(s) do you think should be included?

	Qualcomm
	Yes. Since FM0 of UHF RFID is to modulate data-0 and data-1 using two different square wave frequencies, we do not see a specific reason to exclude FSK for now. 

	Wiliot
	Yes. We think FSK is the most spectrally efficient transmission - with a properly chosen modulation index (e.g. other usages in 3GPP like MSK). 

FSK is more suitable for the continues readings of hundreds of devices in the same indoor environment for both device type 1 and 2 as required by the inventory use case due to easier separation from multiple CWs as well as single CW and FDM. 

	CATT
	OK

	CMCC
	We would like to clarify how the device realize frequency shifting first before we agree on that. Such as by some BB line coding such as FM0 or miller code?

	China Telecom
	We are open to FL proposal.

	vivo  
	We don’t support 2-FSK. The feasibility of 2-FSK with 1uW device needs further discussion before potential inclusion in A-IoT UL study. 

	IDCC
	Ok.

	xiaomi
	We think the FSK is not preferred. Because resource efficiency of FSK is lower, and FSK reaches tens or hundreds of uW power consumption, the device with 1uw peak power consumption can not support FSK.

	Spreadtrum
	We are negative because of lower transmission efficiency of 2-FSK comparing with OOK.

	OPPO
	OK

	Lenovo
	FSK can be considered for active device. For passive devices can be FFS

	FUTUREWEI
	Ok

	Huawei, Hisilicon
	It seems sufficient to have OOK and BPSK, and keep the SI scope to the minimum necessary. Including FSK requires study of its spectral characteristics, and multiple variants mentioned in papers.

	Samsung
	OK to study its feasibility, and our preference is: OOK > BPSK >= 2-FSK

	Ericsson
	Study of 2-FSK should be included, at least for active devices. We also think that study of constant envelope modulation (e.g., GFSK) should be included, at least for active devices.

	DEADLINE

	NTT DOCOMO
	Support.

	TCL
	In R1-2400187, we analyse the power consumption, return loss and complexity of OOK and BPSK. The same modulation power consumption, modulation complexity and return loss can be discovered in OOK and BPSK. Thus, we support OOK and BPSK.

	Apple
	We would like to prioritize OOK/ASK considering the more unified design for DL and UL. But we can be open to discuss the others.


It is also pointed out that in RFID, which supports OOK and BPSK, it is up to the device which to use. In 3GPP terminology, this is a question of mandatory/optional support.

Proposal 3.2c(I): A-IoT UL study assumes all A-IoT devices support at least OOK. FFS: whether mandatory or optional support of other included modulation(s), if any.

	Company
	Views

	Qualcomm
	RFID device can use OOK or BPSK for backscatter coefficients. However, data modulation is based on FM0, which is similar to FSK. We suggest to clarify which one is the intention of the proposal.

	Wiliot
	As RFID, since devices are simple and reader more complex, it is a viable option to define mandatory implementation of either (and not both).
A-IoT UL study includes at least OOK as mandatory for A-IoT. FFS: whether other modulations are included.

	CATT
	We don’t think OOK is a good candidate for OOK. We can consider OOK as a special case of ASK.  

	China Telecom
	We are fine with Wiliot’s revision.

	vivo  
	We support the proposal. 

	IDCC
	Ok.

	xiaomi
	We support this proposal.

	Spreadtrum
	Support.

	OPPO
	Considering this meeting is 1st meeting, it is too early to agree some specific modulation mechanism. It can be kept open to all mechanisms.

	Lenovo
	We think the proposal is not urgent. First we need to identify candidate waveforms and then decide on which one is mandatory and which is optional.

	FUTUREWEI
	It is preferable to have one mandatory modulation. Otherwise additional control may be needed

	Huawei, Hisilicon
	It may be better to rule out a need for the BS to perform blind detection of modulation scheme, and to rule out a need for a capability report. 

	Samsung
	OK

	Ericsson
	OOK is very easy to generate; however, it does not have a constant envelope, and it operates well in a high SNR regime. As a result, the power amplifier may require a large backoff, which consumes a lot of power. A constant envelope modulation, e.g., GFSK, may be more suitable at least for active devices.

	DEADLINE

	NTT DOCOMO
	We think it premature to discuss which modulation scheme is mandatory and/or whether A-IoT UE can support multiple modulation scheme. We believe such discussion should be deferred.

	TCL
	Support

	Apple
	We think the UE feature type of discussions should come at a much later stage.


3.2.2 Round II (high priority)
Proposal 3.2.a(I) seems to have general support. A company wishing to prioritize OOK could do so in their own further proposals. Debate on applicability to the different power consumptions would be a part of the SI. Hence no revision.
(maybe ok in offline)
Proposal 3.2a(II): A-IoT UL study for baseband modulation includes
· OOK and BPSK
· Binary FSK aspects including:

· Spectral or resource efficiency compared to other included modulations

· 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
In proposal 3.2b, responses more mixed for 2-FSK, hence updated to capture what companies seem to discuss:

Proposal 3.2b(II): Further discuss potential inclusion 2-FSK in the study in aspects including:

· Spectral or resource efficiency compared to other included modulations

· Power consumption and complexity compared to the devices in the SID
	Company
	Views

	
	


For 3.2c(I) –
· Wiliot and CTC: your comment/change seems identical in meaning to the current proposal.

· Ericsson: If I understood correctly, your comment seems compatible with the proposal, since another modulation (if it is included in the study) could be optionally supported by a device.
· CATT: not sure if your comment is in the right place.
· Qualcomm: I see your point, and added some words, trying to leave line code choice to its own proposal. 
So overall it seems this proposal can change a bit:
Proposal 3.2c(II): A-IoT UL study assumes all A-IoT devices support at least OOK, generated as per a line code (details of which are TBD). FFS: whether mandatory or optional support of other included modulation(s), if any.

	Company
	Views

	
	


3.3 A-IoT UL line coding [ACTIVE]
3.3.1 Round I

Of the well-known line codes, principally Manchester, FM0 and Miller codes are proposed for the A-IoT UL, together with some companies generally saying to study which line code to use. Thus the initial set of line codes to further study seems clear. There is also a proposal to not use any UL line code, and to have only FEC.
Proposal 3.3(I): For A-IoT UL, line codes studied are: Manchester encoding, FM0 encoding, and Miller encoding.

· Performance of a line coding candidate should include comparison to a case of supporting no line code.

· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: If/how to use UL line code to achieve FDMA among devices.
	Company
	Views

	Qualcomm
	We are fine to study the line codes listed in the proposal. However, we also want to study the case without line coding.
On the last FFS, RFID MMS is used for frequency shift, not for FDMA. We think the frequency shift could enable FDMA. 

Having said that, we suggest the following:

For A-IoT UL, line codes studyied are: Manchester encoding, FM0 encoding, and Miller encoding, and no line coding.

· Performance of a line coding candidate should include comparison to a case of supporting no line code.

· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: If/how to enable frequency shift and use UL line code to achieve FDMA among devices.


	Wiliot
	We support considering no line coding option

	CATT
	We are OK to study all three line coding with additional option of no line coding.   

	CMCC
	If no line coding is used, we would like to clarify how does the receiver perform time sync in chip level considering the Tx SFO is 10^4-10^5 ppm first before agree on further studying no line coding case.



	China Telecom
	We are fine with FL proposal.

	vivo  
	Fine with the proposal. 

	IDCC
	Ok.

	xiaomi
	We support this proposal.

	Spreadtrum
	We support to consider all three line coding.

	OPPO
	Both line or no line coding can be studied at current stage. 

	Lenovo
	We are ok with the listed line coding scheme. No-coding should not be mandated given the challenge on envelope detection of bits based only on power thresholding.

	FUTUREWEI
	Ok to study all three line coding 

	Huawei, Hisilicon
	We think in some cases line code should be necessary without the need to compare a case of supporting no line code. E.g. for backscatter device. We suggest the comparison to having no line code can be optionally provided when necessary.

	Samsung
	OK

	Ericsson
	At this early stage we prefer to add “at least” in the proposal:

For A-IoT UL, line codes studied are at least: Manchester encoding, FM0 encoding, and Miller encoding.

· Performance of a line coding candidate should include comparison to a case of supporting no line code.

· FFS: Mapping(s) from bit(s) to line-code codewords

· FFS: If/how to use UL line code to achieve FDMA among devices.



	DEADLINE

	NTT DOCOMO
	Fine with the proposal.

	TCL
	OK

	Apple
	OK


3.3.2 Round II

Wording updates mainly around the “no line code” point, and frequency shift vs. FDM(A).
Proposal 3.3(II): For A-IoT UL, line codes study covers: Manchester encoding, FM0 encoding, Miller encoding, no line coding.

· FFS: Mapping(s) from bit(s) to line-code codewords
FFS: If/how to enabled frequency shift and FDM(A) among devices
	Company
	Views

	
	


3.4 A-IoT UL FEC [ACTIVE]
3.4.1 Round I
There is general support to study simple FEC candidates on the uplink, which can be implemented by A-IoT devices. Some companies make a general statement of support, and among those with a specific proposal, many propose convolutional coding, and a few propose other candidates.
There are also a couple of proposals saying no FEC might be needed due to potentially no UL coverage bottleneck. Perhaps we can include comparison to a no-FEC case and allow companies to define further what that means.
Proposal 3.4a(I): A-IoT UL study assumes use of FEC, and includes convolutional codes.

· FFS details such as polynomial(s), shift-register termination, etc.
· Performance of a FEC candidate should include comparison to a case of supporting no FEC.
	Company
	Views

	Qualcomm
	We are supportive to study FEC. However, we think it is premature to focus on convolutional codes. 
A-IoT UL study assumes use of FEC, and includes convolutional codes.

· FFS details of coding schemes such as convolutional codes, block codes, Polar codesuch as polynomial(s), shift-register termination, etc.
· Performance of a FEC candidate should include comparison to a case of supporting no FEC.
Note that as we presented in our contribution, with convolutional codes, we see performance degradation of FM0/MMS.


	CATT
	We could study FEC but not as the default assumption.  If we would study FEC, is the FEC pre-calculated and stored with the information for the UL response signal?   We don’t see the real time calculation of FEC in Type 1 devices or Type 2 devices with backscattering.  

	CMCC
	We can consider convolutional code if sufficient LLS gain is observed. However, we need to take the SFO into account when evaluating.

	China Telecom
	We are fine with Qualcomm’s revision.

	vivo  
	In our view, whether FEC is needed depends on whether line code alone can achieve the target coverage. Thus this proposal can be delayed until after progress of coverage evaluation based on line code.  

	IDCC
	Ok.

	xiaomi
	We think the FEC will increase the complexity in the device hardware and the processing, and shall not be preferred. 

	Spreadtrum
	OK

	OPPO
	Agree with CATT

	Lenovo
	More advanced coding schemes such as CC, block coding can be studied for active device. For passive device, it should not be mandated.

	FUTUREWEI
	Because FEC can improve the reliability of uplink transmissions, it is reasonable to include FEC. The choice of codes should be simple to implement and can include at least convolutional codes and BCH codes.

	Huawei, Hisilicon
	We are supportive for this

	Samsung
	OK

	Ericsson
	We are fine with Qualcomm’s revision.

	DEADLINE

	NTT DOCOMO
	We support revision by QC.

	TCL
	OK

	Apple
	Agree with CATT that this should not be the default assumption. We are open to study it.


Proposed conclusion 3.4b(I): A-IoT UL FEC of Reed-Müller codes, repeat-accumulate codes, polar codes, turbo codes requires further discussion before potential inclusion in the study.
Note: Some companies refer generically to “block codes” but this is too-generic a family to include all known block codes in the study. If supporting them, please be more specific.
	Company
	Views – do you want to include any of these other channel codes?

	Qualcomm
	Yes, at least at the first stage, we do not see a reason to exclude/deprioritize particular coding schemes (except for LDPC). What is the reason to de-prioritize these coding schemes?

	CATT
	We don’t support block code.   

	CMCC
	Block codes may need more complexity for 1uW device. We are not sure whether it can be implemented. 

	vivo  
	Agree that more complex FEC codes should be precluded from the study before the necessity and feasibility in AIoT UL are justified.  

	IDCC
	Ok.

	Spreadtrum
	We don’t support these UL FEC code since it needs much more complicated bit-level logical operations and cannot be supported by the ~1 µW power device.

	OPPO
	OK

	Lenovo
	Power consumption and complexity analysis should be carried out first before deciding on these complex coding schemes

	FUTUREWEI
	Yes to the conclusion. Examples of block codes can include binary BCH codes

	Huawei, Hisilicon
	If convolutional codes, suitable in a harmonized design, are shown to have sufficient coverage performance, there is no need to consider other codes. The proposals for other codes can be returned to if a problem is identified with convolutional codes.

	Samsung
	OK to deprioritize. It needs to be justified from power consumption and complexity.

	Ericsson
	We are fine to prioritize study of convolutional code, but do not want to preclude that companies study other coding at this early stage, i.e., we do not see the need for this proposed conclusion.

	DEADLINE

	NTT DOCOMO
	We are fine with this proposal and other coding schemes than convolutional code should not be precluded at this point.

	TCL
	Device 2 may be considered


3.4.2 Round II
It seems companies want a little more scope for UL FEC, but we should avoid writing blank checks/cheques as much as possible. FL suggests we make a prioritizing agreement, which leaves the door open to more candidates if they are found to be of sufficient interest and benefit.
Proposal 3.4a(II): A-IoT UL study of FEC prioritizes convolutional codes.

· FFS details such as polynomial(s), shift-register termination, etc.
	Company
	Views – do you want to include any of these other channel codes?

	
	


(Hence, 3-4b(I) is not pursued at this stage).

3.5 A-IoT UL CRC [ACTIVE]

3.5.1 Round I

There is no opposition stated in papers to a CRC for DL/UL. (For DL see Section 2.5). The proposals are either derived from NR, or from RFID. A few proposals choose a shorter CRC for smaller message sizes, and a longer CRC for larger message sizes.  

Proposal 3.5a(I): A-IoT UL study assumes use of CRC. Down-select among:

· Alt 1: CRC(s) from NR (TS 38.212)

· Alt 2: CRC(s) from RFID (EPC RFID C1G2)
· FFS: Association, if any, between down-selected CRC(s) and message size
	Company
	Views

	Qualcomm
	Same as for A-IoT DL, we suggest following.
A-IoT UL study assumes use of CRC. FFS how/whether to re-use of existing CRC polynomials from NR (TS38.212) and/or RFID (EPC EFID C1G2), including down selection from them. 


	CATT
	The CRC polynomial and length should be opened for study without assumption of using NR or RFID CRC.  

	CMCC
	We are in principle fine to have CRC for UL (D2R). 

	China Telecom
	Considering the similarity of RFID and A-IoT devices, we think the CRC types supported by RFID can be reused for A-IoT devices, i.e., CRC-5 and/or CRC-16. The transmitted data size can be a fixed number to save calculation memory and avoid more complexity. Further study whether more values of data size are needed or not.

	vivo  
	We support CRC, but this proposal is a bit unclear. Explanation can be found in our comments for proposal 2.5a(I).  

	IDCC
	Ok.

	xiaomi
	We prefer the alt 2, similar reason with the A-IoT DL. 

	Spreadtrum
	We are fine to use CRC for A-IoT UL and open to the two alternatives.

	OPPO
	We are OK to study whether/how to support CRC. Suggest to remove FFS part. 

	Lenovo
	Candidate message size values should be discussed first before deciding on CRC.

	FUTUREWEI
	Similar reply as DL (Proposal 2.5a)

	Huawei, Hisilicon
	Our view is no need to study different CRC in UL than DL

(We copy our DL remarks here):

We are supportive of this proposal, with our preference to select Alt 1 since they are already well-evaluated in 3GPP.

One aspect to be handled is the CRC length and its impact on transmission efficiency. Given the variable message size (96 bits to 1000 bits), we need to consider the overhead that is caused by the addition of CRC, hence we should not limit to just one CRC length.

	Samsung
	Try to avoid to cite non 3GPP standard but better to describe it directly.

	Ericsson
	We agree with others that it is too early to preclude other options. We prefer Qualcomm’s revision.

	DEADLINE

	NTT DOCOMO
	We are fine to assume using CRC but it is premature to narrow-down the length of CRC, including the possibility of no CRC bits.

	TCL
	Similar explanation like 2.5

	Apple
	Same comment as in 2.5.


3.5.2 Round II

Similar as DL (section 2.5.2) We should be able to cover all the points by generalizing like this. But FL wonders if we can already decide to use from among the NR CRCs?

Proposal 3.5a(II): A-IoT UL study assumes use of CRC. FFS which NR CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.

	Company
	Views

	
	

	
	


3.6 A-IoT UL multiple access [ACTIVE]
3.6.1 Round I

Three main candidates have support among companies: TDMA, FDMA, and CDMA. For FDMA, this is generally discussed in the context of using the UL line-code to provide frequency shifts among devices. For CDMA, there are discussions around what kinds of sequences should be considered, and concerns whether the timing accuracy of A-IoT devices can allow CDMA to be successful in a harmonized design.
Proposal 3.6a(I): A-IoT UL study includes TDM(A). Further details are FFS.
	Company
	Views

	Qualcomm
	We think the proposal is reasonable.

	CATT
	OK

	CMCC
	We support. To be more specifically of which TDMA scheme, we should clarify that the slot-aloha which has been used as a start point. 

	China Telecom
	We support FL proposal.

	vivo  
	Support the proposal 

	IDCC
	Ok.

	xiaomi
	We support this proposal.

	Spreadtrum
	OK

	OPPO
	OK

	Lenovo
	Ok

	FUTUREWEI
	Ok

	CEWiT
	Support



	Huawei, HuSilicon
	We are supportive of this.

	Samsung
	OK

	Ericsson
	Ok.

	DEADLINE

	NTT DOCOMO
	We are fine with this proposal but the description of proposal can be update as multiplexing here means multiplexing among DL signals for different A-IoT UEs to make it clear. We may need to clarify how the DL signal for A-IoT UE can be multiplexed with legacy NR channel/signal especially for in-band operation.

	TCL
	OK

	Apple
	OK


Proposal 3.6b(I): A-IoT UL study includes FDM(A), at least by utilizing a frequency-shift capability of an UL line code. Further details are FFS.

	Company
	Views

	Qualcomm
	We are supportive with the proposal. However, we think FDM(A) can be enabled even without UL line code. We suggest following:

 A-IoT UL study includes FDM(A), at least by utilizing a frequency-shift capability of an UL line code. Further details are FFS.

	CATT
	OK with the proposal

	CMCC
	We are supportive.

	China Telecom
	We are fine with FL proposal.

	vivo  
	We support FDMA for UL. 

	IDCC
	Support the proposal.

	xiaomi
	We support this proposal.

	Spreadtrum
	OK

	OPPO
	OK

	Lenovo
	OK

	FUTUREWEI
	Ok

	CEWiT
	Support



	Huawei, HiSilicon
	We are supportive of the proposal.

	Samsung
	OK. Using line code to separate the spectrum can be the starting point other than using frequency shifter which consumed more power. 

	Ericsson
	Ok. Does it need to be clarified that TDMA and FDMA can be combined?

	DEADLINE

	NTT DOCOMO
	Support this proposal. Same comments as 3.6a that multiplexing here may need clarification.

	TCL
	Support UL FDMA

	Apple
	OK to study further.


Proposal 3.6c(I): A-IoT UL study includes CDM(A). Further details are FFS, including if/how it can be applicable to a harmonized design.
	Company
	Views

	Qualcomm
	We are OK with the proposal.

	CATT
	We are OK with the proposal

	China Telecom
	We are fine with FL proposal.

	vivo  
	We don’t support CDMA. 

CDMA based on OOK is very challenge. It requires good synchronization, which is infeasible for AIoT device with large SFO, and devices without UL TA for UL timing alignment at receiver, and near-far effect without power control. And it is difficult to find a large number of OOK sequences with good auto and cross-correlation. 

	IDCC
	Ok.

	xiaomi
	We support this proposal.

	Spreadtrum
	We don’t support CDM(A), it is difficult to achieve code orthogonality due to the inaccurate time and frequency alignment between devices.

	OPPO
	OK

	Lenovo 
	OK

	FUTUREWEI
	Ok

	CEWiT
	Support



	Huawei, HiSilicon
	We do not support this proposal.

We do not see how CDMA can be used in A-IoT DL due to the large SFO, resulting in code orthogonality not being maintained because of inaccurate time and frequency alignment between devices.

	Samsung
	OK

	Ericsson
	Ok.

	DEADLINE

	NTT DOCOMO
	Support.

	TCL
	CDM is not be supported for device 1 at least

	Apple
	We are open to discuss it further at least for random access.


3.6.2 Round II (high priority)
TDM(A) and FDM(A) meet with universal approval, whereas CDM(A) is not universal. FL would prefer to avoid too-convoluted wording around which system the multiplexing/multiple-access applies to, since it should be a common understanding that (per the SID structure) we are designing for the A-IoT physical layer. Nonetheless, FL tried to accommodate DOCOMO’s note by “…within A-IoT”.
To QC: FL is not quite sure if FM0 etc. in OOK/BPSK to produce a frequency shift is a line-code by another name, even if nominally there might be “no line code” in some way. Nevertheless, have broadly taken your suggestion by putting line code into “e.g.”.

Proposal 3.6a(I): A-IoT UL study includes TDM(A) within A-IoT. Further details are FFS.
	Company
	Views

	
	We are OK with the proposal.

	
	


Proposal 3.6b(I): A-IoT UL study includes FDM(A) within A-IoT, at least by utilizing a frequency-shift capability, e.g. of a line-code. Further details are FFS.

	Company
	Views

	
	We are OK with the proposal.

	
	


Proposal 3.6c(I): Further study the cases/conditions/etc. where A-IoT UL study could include CDM(A) within A-IoT, before deciding on inclusion of CDM(A) in A-IoT UL study.
	Company
	Views

	
	We are OK with the proposal.

	
	


3.7 A-IoT UL numerology 

3.7.1 Subcarrier spacing(s) [INACTIVE]
The concept of SCS in an NR/LTE or the A-IoT DL sense may not be applicable if the A-IoT UL waveform is single-carrier. Thus, FL will return to this question after progress in Section 3.1.
Proposal 3.7.1a(I): …TBD…
3.7.2 Time unit(s) [ACTIVE]
Time unit represents the smallest time domain resources needed for the following purposes.

· Time domain signal generation (if OFDM is used in UL) 

· Time domain resource allocation

The definition of a basic time unit Tc depends on if OFDM structure should be applied to A-IoT UL, which is used for the generation of time domain OFDM signal in NR. Hence, the following proposal is deferred until after Section 3.1.
Proposal 3.7.2a(I): A-IoT UL study assumes […added later if needed…].

	Company
	Views

	CATT
	The time unit is the bit length in time.  The bit length is the 1/BW.  

	xiaomi
	We support this proposal.

	DEADLINE


The definition of a smallest resource allocation unit in time in various proposals depends on the UL modulation and whether we have UL line codes, which result in the concept of chips. Hence, proposals under this section are deferred until after Section 3.2 and 3.3.

Proposal 3.7.2b(I): A-IoT UL study defines a smallest unit of UL resource allocation, of duration XUL.

· FFS definition of XUL in relation to at least modulation scheme(s), line code(s), chips, bandwidth.
	Company
	Views

	Qualcomm
	We are OK with the proposal. 

	CATT
	The small unit of UL resource implies a flexible resource allocation.   We need to study whether the resource is fixed or flexible.  

	China Telecom
	We are fine with FL proposal.

	xiaomi
	We support this proposal.

	Spreadtrum
	It need to clarify the relationship between the basic time unit of UL Tc and the smallest resource allocation unit XUL.

	Lenovo
	This proposal is not urgent, we can first discuss candidate waveform such as OOK-1 , OOK-4 and then later decide on the smallest unit.

	FUTUREWEI
	ok

	Huawei, HiSilicon
	We are supportive of the proposal

	Samsung
	We wonder if this proposal looks inconsistent with basic time unit proposal for DL.

	Ericsson
	Ok.

	DEADLINE

	Apple
	OK


3.8 A-IoT UL bandwidths [ACTIVE]
3.8.1 Round I
Companies seem to talk about similar concepts but using different, or somewhat undefined, terms. Thus FL proposes to define the basic construction of A-IoT UL bandwidth first.
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Proposal 3.8a(I): A-IoT UL study defines the following bandwidths such that Btx,UL < Bocc,UL ≤ Bsys,UL:
· Transmission bandwidth, Btx,UL
· Occupied bandwidth, Bocc,UL
· Intra-device guard-band width, BGB,chan = (Bocc,UL – Btx,UL)/2

· System bandwidth, Bsys,UL
· FFS: RAN1 assumes that whether/how to define inter-device guard bands between the occupied bandwidths within a system bandwidth, when Bocc,UL < Bsys,UL is up to RAN4.
	Company
	Views

	Qualcomm
	At the end, we would need to define them. However, it is not clear to us why these have to be defined from the beginning of the study.

	CMCC
	In principle fine, we need to clarify the definition is from transmitter or receiver perspective for each. From our understanding, all the Btx,UL Bocc,UL BGB,chan are from receiver perspective. 


	vivo  
	We think at least Btx,UL and Bsys,UL is needed, and Btx,UL < Bsys,UL, to reduce interference from other system, e.g., from NR UL by in-band emission, and accommodate frequency error caused by large SFO. 

For Bocc,UL, it is unclear what is intra-device guard-band for. What is the relation between inter-device guard band ? E.g., is it intra-device guard-band only to accommodate SFO, while is inter-device guard band to reduce inter-device interference, e.g., caused by harmonic components? Further clarification would be helpful. 

	xiaomi
	We think the motivation of defining transmission bandwidth and occupied bandwidth      needs to be clarified. For the UL, it might be enough to define the resource unit (RU) which is the granularity to schedule the uplink transmission like NB-IoT.

	Spreadtrum
	Support

	OPPO
	Whether Intra-device guard-band is necessary, or whether it can be 0? If yes, that means Btx,UL  ≤ Bocc,UL ≤ Bsys,UL

	Lenovo
	We can clarify the definition as we commented above proposal 

	FUTUREWEI
	The bandwidths are needed.

	Huawei, Hisilicon
	We are supportive of this proposal. As single carrier transmission is assumed for Ambient IoT UL, the transmission bandwidth can be smaller than the occupied bandwidth, considering the frequency guard interval usually reserved for single carrier transmission to allow filtering between FDM’d devices and between A-IoT and NR.

	Samsung
	We are unclear the motivation of introducing intra-device guard-band width and its relationship between inter-device guard-band, and would like to clarify it at first.
Moreover, comparing occupied bandwidth and transmission bandwidth. the definition is unclear. We don’t think the tag can have a filter before transmission. In this case, the occupied channel BW can be very large compared to transmission bandwidth to satisfy ACLR requirement.

	Ericsson
	Ok.

	DEADLINE

	NTT DOCOMO
	We are fine with this proposal in principle to clarify the definition of each bandwidth while whether/how to define each bandwidth needs further discussion.

	TCL
	We need clarify the definition and motivation of Bocc,UL. The guard band is useful to avoid coexistence interference or other interference.

	Apple
	More clarifications would be needed, especially on the purpose of intra-device and inter-device guard band.


Once the above are defined, based on FL’s understanding of the terms used in papers, the proposals are as follows.

Proposal 3.8b(I): Btx,UL 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
	The A-IoT UL transmission bandwidth must be a bandwidth alongside to the carrier wave (for device 1/2a). Alt.1 is not clear to us.
Alt.2 and 3 are also not clear.

	CATT
	Alt 1.   The UL BW should be the same as the external carrier wave.  A-IoT device (except Type 2 active device) would not have the capability to regenerate the UL waveform with different BW.  

	CMCC
	Btx,UL is from receiver perspective for D2R link. It is related to the data rate. We prefer Alt 2. 

	vivo  
	In our view, the UL signal bandwidth is determined by data rate. Similar as RFID, the supportable data rate can be a candidate sets of data rate. The candidate value may or may not be multiple of a subcarrier spacing. 

As discussed in agenda 9.4.2.4, we think only single tone CW as external carrier wave is feasible. Wideband CW is infeasible. Then, in Alt 1, ideally, the bandwidth of the single tone CW can be very small, it does not make sense that the signal bandwidth is same as CW bandwidth. Similar argument for internal carrier wave case. Therefore, we don’t support Alt 1, and Alt 3 can be a subset of Alt 2. We suggest modified proposal 3.8b(I) as below: 

Btx,UL is based on a set of specified/assumed value(s) for UL data rate. FFS what value(s), which may or may not be the Multiples of a subcarrier spacing. 

	xiaomi
	The motivation of defining Btx,UL is not clear.

	Spreadtrum
	Considering the harmonized design to support both of the device with carrier wave provided externally and generated internally, the transmission bandwidth for A-IoT UL should be based on the CW bandwidth.

	Lenovo
	Proposal is not clear, for passive device the UL BW is same as that of the CW BW, However for active device it can be different values,

	FUTUREWEI
	For backscattering, the transmission bandwidth is the bandwidth of the waveform.

	Huawei, Hisilicon
	We think Alt 3 is a more convenient way of designing the transmission bandwidth(s) than Alt 2.

Regarding Alt 1, there is no relationship between the bandwidth of carrier-wave and UL data, especially considering single-tone waveform for carrier-wave.

	Samsung
	UL tx bandwidth is related to the bit rate/chip rate, line code scheme without filter. We don't think current proposal is a starting point. 

	Ericsson
	Ok. The SSB/DSB aspect (mentioned in the DL section of this document) could also be mentioned here.

	DEADLINE

	NTT DOCOMO
	We are fine in general while some of them would not be applicable depending on the device type 1or 2.

	TCL
	UL signal bandwidth should consider the UL data rate (ON-OFF chip duration).

	Apple
	It seems Alt 1 is for the backscattering case, while Alt 2/3 are for active devices. Some clarifications would be neded.


Proposal 3.8d(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
	At the end, we would need to define them. However, it is not clear to us why these have to be defined from the beginning of the study.

	Wiliot
	We support Alt2 as the lowest complexity option requiring minimal filtering.

	CATT
	This should be open for study.  We prefer Alt1.  

	CMCC
	Prefer Alt 1, and we are open to support multiple PRBs.

	vivo  
	Discuss this proposal after clarification of Intra-device guard-band width BGB,chan and Bocc,UL in proposal 3.8a(I). 

	Xiaomi 
	The definition of  Bocc,UL is not clear.

	Spreadtrum
	Prefer Alt 1.

	Lenovo
	This proposal is not urgent.

	FUTUREWEI
	Having bandwidths expressed in PRBs facilitates gNB and intermediate node scheduling

	Huawei, Hisilicon
	The proposal needs to have more flexibility to account for different possible value of Btx, so not only a value of 1 PRB, but also smaller and possibly larger values will be needed.
The analysis on needing to reserve the whole band to avoid NR UL interference preventing BS detecting backscatter is a scenario matter. The most likely early deployments are indoor (as per SID) using spectrum from an outdoor macro at e.g. 900 MHz. Then, the outdoor to indoor propagation loss means the interference is not a problem, and such extensive reservation is not necessary. 

	Samsung
	UL tx bandwidth is related to the bit rate/chip rate, line code scheme without filter. We don't think current proposal is a starting point.

	Ericsson
	Ok (with a preference for Alt 1).


There seem to be no exact proposals for a range of system bandwidths, so it is possible companies do not see a need to define one. If that concept is introduced by Proposal 3.7a(I), then the follow-up would be:
Question 3.8e(I): What values, or definition(s), etc. do you propose for Bsys,UL?
	Company
	Views

	Qualcomm
	We think it is premature to define system bandwidth. 

	China Telecom
	Maybe we can discuss this proposal later.

	vivo  
	The system bandwidth is useful for co-existence with other systems such as NR, to denote the total bandwidth for AIoT UL with transmitted signals and reserved guard band to avoid interference to AIoT UL reception. 

Study on impact of in-band emission of NR UL signal is needed, to determine Bsys,UL value. 

	Spreadtrum
	We support to define system bandwidth similar as the DL.

	Lenovo
	This proposal is not urgent.

	Huawei, Hisilicon
	Considering proper and flexible frequency resource allocated for Ambient IoT deployment, the minimum value for Bsys,UL is recommended to be 1 PRB. The maximum value can be further studied, which may refer to the corresponding design in UHF RFID.

	Samsung
	UL tx bandwidth is related to the bit rate/chip rate, line code scheme without filter. We don't think current proposal is a starting point.

	Ericsson
	We can come back to this question later.


3.8.2 Round II (high priority)
At a basic level, could the same BW definitions as for DL be used, with one constraint that there will be some guard-band between A-IoT and NR in the UL, due to the device’s SFO, i.e. Bocc,DL > Btx,D (equality not included)? 
FL changed the (possible) system BW bullet to not refer to the BS receiver, which may be able to perform reception of more than only A-IoT, or more than only one A-IoT “system”.
Proposal 3.8a(II): A-IoT UL study defines the following bandwidths:
· Transmission bandwidth, Btx,UL from one device perspective: The frequency resources used for transmitting A-IoT uplink
· Channel bandwidth, Bchan,UL from one device perspective: The frequency resources used for transmitting A-IoT uplink, and guard subcarriers.
· System bandwidth, Bsys,UL. The frequency resources that can be scheduled by the Reader for A-IoT uplink from any number of devices (this does not assume any particular number of devices is supported). 
· Bsys,UL ≥ Bchan,UL > Btx,UL
· Possible values of each bandwidth are FFS
	Company
	Views

	
	

	
	


For Proposal 3.8b et seq., return to them after seeing if we can get a terminology framework.
4 Proposals for online sessions

4.1 Wednesday

(maybe ok)
Proposal 2.1a(III): 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.

Proposal 2.1b(III): Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.
(maybe ok)
Proposal 2.2a(II): A-IoT DL study includes OOK from DL transmitter’s perspective.

· For an OFDM waveform, assume OOK-1 for single-chip per symbol transmission, and OOK-4 for M​-chip per 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: Definition of chip

· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.
(maybe ok)
Proposed conclusion 2.2b(II): A-IoT DL modulation of PPM, ASK require further discussion before potential inclusion in A-IoT DL study.

(maybe ok)
Proposal 2.2c(II)A-IoT Dl study does not include:

· FSK, PSK, PR-OOK

(maybe ok)
Proposal 3.2a(II): A-IoT UL study for baseband modulation includes
· OOK and BPSK
· Binary FSK aspects including:

· Spectral or resource efficiency compared to other included modulations

· 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
(Maybe ok or maybe not ok)
Proposal 2.8a(II): A-IoT DL study defines the following bandwidths, for RAN1 purposes:
· Transmission bandwidth, Btx,DL from Reader perspective: The frequency resources used for transmitting A-IoT downlink
· Occupied bandwidth, Bocc,DL from Reader perspective: The frequency resources used for transmitting A-IoT downlink, and potential guard subcarriers.
· Device maximum RF bandwidth, Bdevice,DL: The frequency resources that are within the receiver’s RF bandwidth, i.e. from the Reader perspective, the Reader’s transmission to the device has to be within this bandwidth. 
· FFS if it is needed to define a system bandwidth
· Bocc,DL ≥ Bdevice,DL  ≥ Btx,DL
· FFS: Further constraint(s) between Bocc,DL ≥ Btx,DL, e.g. Bocc,DL = Btx,DL.
· Possible values of each bandwidth are FFS
5 Summary
To be added
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