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Introduction

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

· Waveform (R2D; D2R)
· Modulation (R2D; D2R)
· Coding
· Line coding (R2D; D2R), channel coding / repetition (R2D; D2R)
· CRC (jointly for R2D and D2R)
· Multiple access (R2D; D2R)
· Time-domain definitions (R2D; D2R)
· Bandwidth (R2D; D2R)

For RAN1#119, some of the endorsed TPs from RAN1#118bis are updated per company requests. There is the usual comments table beneath such updates, but there is no need for general “yes/OK” etc. inputs. It’s sufficient for the involved companies to correct any mistakes.

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 5 (link).
Decisions are authoritatively in the chair notes, and may be copied into Section 6 (link) from time to time.

Versions
FLS #1: R1-24xxxxx
R2D
[bookmark: _R2D_waveform_[ACTIVE]][bookmark: _A-IoT_DL_waveform][bookmark: _Toc159620311][bookmark: _Ref159542356][bookmark: _Ref159521428]R2D waveform
CP handling [ACTIVE]
	Agreement RAN1#116bis
For R2D CP handling for OFDM based OOK waveform:
· For potential down-selection, study among the following candidate methods
· [bookmark: _Hlk173446985]Method Type 1: Removal of CP at device without specified transmit-side 
· …
· [bookmark: _Hlk173446991]Method Type 2: Ensure the CP insertion of OFDM-based waveform will not introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n.
· …
· [Other method types are not precluded]

Agreement RAN1#117
Study the following regarding CP location/length determination for Method Type 1:
· [bookmark: _Hlk173447176]Alt 1: Device assumes same CP length for each OFDM symbol, i.e. does not distinguish exact CP length among different OFDM symbols
· Alt 2: duration between transition edges is utilized by device to determine CP location/length, i.e. if the duration appears to be invalid based on known chip duration
· Companies are encouraged to clarify the CP removal method used and implementation aspects for the device
· Evaluations are encouraged to be performed for a small value of M, e.g. 4 and a large value of M, e.g. 24, at least by comparison to the case where the CP length of each OFDM symbol is known by device
· Companies should report the values of SFO, and SFO detection methods used in evaluations

Agreement RAN1#117
Study the following options regarding subcarrier orthogonality for Method Type 2:
· [bookmark: _Hlk173447261]Alt 1: Method Type 2 retains subcarrier orthogonality (i.e. CP copied from the end of an OFDM symbol)
· Alt 1-1: The first OOK chip(s) and the last OOK chip(s) in an OFDM symbol are the same
· FFS: whether this alternative applies if CP length is longer than the chip duration
· Alt 1-2: Ensure a transition edge occurs only at the start or only at the end of the CP, and no transition edge occurs during the CP
· Other potential methods are not precluded
· Alt 2: Method Type 2 does not retain subcarrier orthogonality
· Proponents to bring further details to RAN1#118
· Evaluations and discussions are encouraged to be performed for a small value of M, e.g. M = 4 and a large value of M, e.g. M = 24.
· Companies should report the values of SFO, and SFO detection methods used in evaluations

Agreement RAN1#118bis
{A TP was agreed. Omitted here.}




Round 1
[bookmark: _Hlk179407306]For CP handling, a lot of TP were agreed and captured into the TR in last meeting. From reading papers to this meeting, feature lead noticed two things.

One is that several companies keep the proposal in their papers to consider only normal CP for the study. Referring to RAN1#118 (Maastricht), feature lead indeed had such a ‘Proposal 2.1.1a(I)’ in the summary (R1-2407249) which seems fine with that proposal from all the replies at that time but it was pointed out that it’s a natural consequence of only having agreed to NR SCS of 15 kHz. Hence FL thinks no specific proposal is needed. 
Another is a few companies want to add more observations into the structure of TR which basically having two types of the text proposal: about detail design solutions or about high level views to agreed framework of alternatives including simulation observations. Feature lead would keep the same approach in last meeting that details of solution design related to things among which further down-selection belongs to any potential normative phase. Thus, here only takes text proposal updating about the later one.

In addition, 3 company mentions also the potential benefit from different CP handling alternatives. Feature lead understand the intention, however, the logic not having bullet of benefit was because they are implied by absence of an impact and we would have to state/repeat many obvious things about e.g. OFDM waveforms, etc. Overall, in above sense, the following update is proposed which collected from papers.

Proposal 2.1.1(I): Capture the following TP update into TR 38.769

	…(unchanged parts omitted)…
For Method Type 1, at least for Alt M1-1, device needs to be aware of or determine the boundary of an OFDM symbol (i.e. the beginning of an OFDM symbol) to determine CP location, including the start and the length of CP. Alt M1-1 and/or Alt M1-2 (if both are supported) can be up to device implementation which may depend on M values.
-	Some sources [R1-9421-1], [R1-9421-4], [R1-9421-3], [R1-9421-15], [R1-9421-14], [R1-9421-25], [R1-9421-28], [R1-9421-22], [R1-9421-31] [R1-9421-6], [R1-9421-21], [R1-9421-27] report device needs to be aware of or determine the boundary of an OFDM symbol (i.e. the beginning of an OFDM symbol) to determine CP location
-	Some sources [R1-9421-8], [R1-9421-5], [R1-9421-9], [R1-9421-1] report the device implementation may depend on M values
For Alt M1-1, the potential impacts are discussed as follows:
-	Some sources [R1-9421-1], [R1-9421-5], [R1-9421-6], [R1-9421-8], [R1-9421-25], [R1-9421-28] report that CP handling of Alt M1-1 can be used for both small and large M values for OOK-4, while [R1-9421-8] reports that for large M values Alt M1-1 is used in combination with Alt M1-2. 
-	Some sources [R1-9421-3], [R1-9421-32] report that CP handling of Alt M1-1 is challenging to be used for large M values for OOK-4 considering large SFO and [R1-9421-8], [R1-9421-18] report that CP handling of Alt M1-1 may not completely remove CP samples due SFO impact.
-	Among of them, [R1-9421-5] show that the performance loss of PRDCH carrying 20 bits due CP handling is negligible at 10% BLER even for large M values (e.g. M=24) under large SFO (e.g. 104-105 ppm). Sources [R1-9421-8], [R1-9421-32] show some performance loss due CP handling for both small (M=4) and large M values (M=24) under large SFO (e.g. 104-105 ppm ) while [R1-9421-32] shows [1~2 dB] loss compare to no CP case for M<24, and an error floor at BLER=10% for M=24.
-	Some sources [R1-9421-9], [R1-9421-18] report that the device needs additional complexity to handle CP, while other sources [R1-9421-5], [R1-9421-25] reports that it is feasible in terms of implementation complexity based on transition edge detection.
-	One source [CATT] report that the device might remove the wrong portion of the CP part of the OFDM symbol due to timing error, which could introduce the false rising/falling edge for the subsequent OOK demodulation.
For Alt M1-2, the potential impacts are discussed as follows:
-	Some sources [R1-9421-1], [R1-9421-4], [R1-9421-9], [R1-9421-3], [R1-9421-5], [R1-9421-6], [R1-9421-8], [R1-9421-32], [R1-9421-18], [R1-9421-25], [R1-9421-27], [CATT] report that CP handling of Alt M1-2 cannot be used for large M values, e.g. M>8, while [R1-9421-8] reports that for large M values Alt M1-2 is used in combination with Alt M1-1.
-	One source [R1-9421-22] report that CP handling of Alt M1-2 can be used for both small and large M values (e.g. M>8) if with the knowledge of OFDM symbol boundaries.
-	Among of them, [R1-9421-8] show that the performance of Alt M1-2 is not applicable for large M values (e.g. M=24) under large SFO (e.g. 104 ppm).
For Method Type 2, two approaches regarding subcarrier orthogonality are studied:
Alt M2-1: Method Type 2 retains subcarrier orthogonality, i.e. CP is copied from the end of an OFDM symbol.
Alt M2-1-1: The first OOK chip(s) and the last OOK chip(s) in an OFDM symbol are the same.
Alt M2-1-2: Ensure a transition edge occurs only at the start or only at the end of the CP, and no transition edge occurs during the CP.
Alt M2-2: Method Type 2 does not retain subcarrier orthogonality.
For Method Type 2, depending on the design, the chip duration generation of OOK-4 for M-chip per OFDM symbol transmission could possibly be determined by:
-	M, and the length of OFDM symbol with CP
-	M, and the length of OFDM symbol without CP
-	Depending on detailed solutions, chip duration may or may not be constant. 
-	One Some sources [R1-9421-28][Huawei] report that non-constant OOK chip duration may impact performance, while some other source [R1-9421-32] report that non-constant OOK chip duration does not impact performance.
For Alt M2-1, the potential impacts are discussed as follows,
-	Some sources [R1-9421-5], [R1-9421-9], [R1-9421-8], [R1-9421-33], [R1-9421-21], [R1-9421-11], [R1-9421-18], [R1-9421-3], [Sony] report that CP handling of Alt M2-1 cannot be used for large M values (e.g. M>8). Source [Ericsson] report that for M>8, the CP size becomes comparable to that of the normal OOK chip, and hence it would be challenging to identify the invalid transition caused by CP. Sources [CATT] report that if chip duration is comparable to CP duration, CP could not be identified as the invalid chip by the A-IoT device, e.g., M>8.
-	Some sources [R1-9421-1], [R1-9421-6], [R1-9421-28], [R1-9421-32] report that CP handling of Alt M2-1 can be used for both small and large M values.
-	Among of them, some sources [R1-9421-6], [R1-9421-32] show the performance of Alt M2-1 for small (M=4) and large M values (M=24) under large SFO (e.g. 105 ppm).
-	Some sources [R1-9421-28], [R1-9421-9], [R1-9421-32] report that CP handling of Alt M2-1 may result in non-constant OOK chip duration around CP. Source [Huawei] report that due non-constant OOK chip duration around CP, Alt M2-1 has ~1dB worse performance than Alt M1-1 at BLER 10% and BLER 1% when it used for small M value (e.g., M = 6).
-	Some sources [R1-9421-3], [R1-9421-5], [R1-9421-11], [R1-9421-32], [R1-9421-22], [R1-9421-4], [R1-9421-27] report that CP handling of Alt M2-1-1 would increase the overhead and reduce spectral efficiency.
-	Some sources [R1-9421-25], [R1-9421-1], [R1-9421-9] report that CP handling of Alt M2-1-1 may not be completely transparent to the device thus add additional complexity.
-	Source [CATT] report that if chip duration is significantly different from CP length, M2-1-2 would be complicated to be used for removing false transition edge occurring at the end of the CP. And M2-1-2 would require high complexity of A-IoT device implementation if it is used for the R2D preamble.
For Alt M2-2, the solutions and potential impacts are discussed as follows,
-	[R1-9421-8], [R1-9421-12], [R1-9421-11], [R1-9421-21] report solutions for Alt M2-2 (e.g. CP is copied from the start of OFDM symbol or do not insert CP to OFDM symbol). 
-	[R1-9421-3], [R1-9421-5], [R1-9421-6], [R1-9421-10], [R1-9421-32], [R1-9421-25], [R1-9421-28], [R1-9421-4], [R1-9421-9], [R1-9421-22], [R1-9421-27] report that CP handling of Alt M2-2 would cause interference to NR, while [R1-9421-8] reports single PRB guard band would be sufficient to handle interference. 
-	Sources [R1-9421-5], [R1-9421-25], [R1-9421-28], [R1-9421-31], [R1-9421-9], [R1-9421-22], [R1-9421-27] report that CP handling of Alt M2-2 would increase the transmitter complexity.
…(unchanged parts omitted)…




	Company
	Sourcing companies can check if this is correct?

	Xiaomi
	We are confused about the following red comment, for the M2-1-2, why it is used for removing false transition edge, it just needs to ensure no transition edge occurs during the CP.

Source [CATT] report that if chip duration is significantly different from CP length, M2-1-2 would be complicated to be used for removing false transition edge occurring at the end of the CP. And M2-1-2 would require high complexity of A-IoT device implementation if it is used for the R2D preamble.

	ZTE, Sanechips
	According to R2D waveform generation, the chip duration may be non-constant when the power level of CP is the same as that of the chips around the CP. Therefore, we suggest that the following TPs in blue to Method Type 1.
	6.1.1.x	R2D waveform, modulation and numerology
***unchanged parts omitted***
For Method Type 1, at least for Alt M1-1, device needs to be aware of or determine the boundary of an OFDM symbol (i.e. the beginning of an OFDM symbol) to determine CP location, including the start and the length of CP. Alt M1-1 and/or Alt M1-2 (if both are supported) can be up to device implementation which may depend on M values.
-	Some sources [R1-9421-8], [R1-9421-5], [R1-9421-9], [R1-9421-1] report the device implementation may depend on M values
-  Chip duration may not be constant when the power level of CP is the same as that of the chips around the CP. 
***unchanged parts omitted***



We also suggest that capture the following TPs in blue for Alt M2-1-2 mentioned in [R1-2409552] to make the solutions clear and for better understanding of the captured observations.
	6.1.1.x	R2D waveform, modulation and numerology
***unchanged parts omitted***
For CP handling Alt M2-1, the potential impacts are discussed as follows,
-	Some sources [Samsung][CMCC][ZTE] report different schemes of CP handling of Alt M2-1-2.
-  [Samsung] reports Alt M2-1-2: Ensure the last OOK chip within an OFDM symbol is not shorter than the CP.
-  [CMCC] reports Alt M2-1-2: Change  case to  case by changing OOK-4 M value to adjacent .The first OFDM symbol carries odd value M chips, and the following OFDM symbols carry even value M chips. where a, b and c is the last chip of symbol n, first chip of symbol n+1 and last chip of symbol n+1.
-  [ZTE] reports Alt M2-1-2: PRDCH transmission is started from the even number-th chip in the first OFDM symbol. The first odd number of chip(s) in the first OFDM symbol can be used for preamble transmission.
-	Some sources [Huawei][CMCC][vivo][Fujitsu]Samsung][CATT][Apple][Ericsson] report that CP handling of Alt M2-1 cannot be used for large M values (e.g. M>8). 
-	Some sources [Futurewei][Spreadtrum][Qualcomm][ZTE] report that CP handling of Alt M2-1 can be used for both small and large M values.
-  Among of them, some sources [Spreadtrum][ZTE] show the performance of Alt M2-1 for small (M=4) and large M values (M=24) under large SFO (e.g. 10^5 ppm). Source [ZTE] reports Alt M2-1-2 for evaluation is that PRDCH transmission is started from the even number-th chip in the first OFDM symbol. The first odd number of chip(s) in the first OFDM symbol can be used for preamble transmission. 
***unchanged parts omitted***



For the following new observations, it is appreciated to clarify that Alt M2-1 refers to Alt M2-1-1 or Alt M2-1-2? And whether CP removal is applied in the evaluation of Alt M2-1. In our understanding, if CP removal is applied in both method evaluation, the performance of Alt M2-1 won’t be worse than Alt M1-1.
Source [Huawei] report that due non-constant OOK chip duration around CP, Alt M2-1 has ~1dB worse performance than Alt M1-1 at BLER 10% and BLER 1% when it used for small M value (e.g., M = 6).

	Panasonic
	We would appreciate it if our view could be incorporated:
For Alt M2-2, the solutions and potential impacts are discussed as follows,
-	[R1-9421-8], [R1-9421-12], [R1-9421-11], [R1-9421-21], [Panasonic] report solutions for Alt M2-2 (e.g. CP is copied from the start of OFDM symbol or do not insert CP to OFDM symbol). 
-	[R1-9421-3], [R1-9421-5], [R1-9421-6], [R1-9421-10], [R1-9421-32], [R1-9421-25], [R1-9421-28], [R1-9421-4], [R1-9421-9], [R1-9421-22], [R1-9421-27] report that CP handling of Alt M2-2 would cause interference to NR, while [R1-9421-8] reports single PRB guard band would be sufficient to handle interference. [Panasonic] reports the guard band would anyway be needed when SCS is different between R2D and other NR signal.

	Huawei, HiSilicon
	To ZTE: At least for M2-1-2, and can also be for certain M2-1-1 which would result in non-constant chip duration around CP.

	FL
	Xiaomi: As explained, here we capture most parts of company reports. You can contact CATT offline for clarifications. Thanks.

ZTE, Sanechips:
· As explained in other parts and the online/offline sessions for 9.4.2.2/9.4.23, we are not capturing detail solution specifics. This is because we have not agreed to any of those detailed designs in particular. Companies are welcome to resume those discussions in a normative phase, and anything in tdocs this time is just for further information
· For this text, it doesn’t appear in your paper, hence not included. Also, it’s rather hard to understand as being consensus-based text from RAN1. “-  Chip duration may not be constant when the power level of CP is the same as that of the chips around the CP.”

Panasonic: OK, will add. Did not see it originally as not contained in proposal text.

With Panasonic addition, copied to online.



[bookmark: _Toc159620312][bookmark: _Ref159710139]R2D modulation 

	Agreement on updated TP RAN1#118bis

Table 6.1.1.x-1 is a starting point for study of M values and the associated minimum Btx,R2D value. The reader can use any transmission bandwidth greater than or equal to the minimum Btx,R2D value.
Note:	Depending on further study, the maximum value of M may be less than 32.
Note:	The performance can be better when transmission bandwidth greater than the minimum Btx,R2D, depending on device processing and transmit power constraint.
Table 6.1.1.x-1: Starting point for M values and the associated minimum Btx,R2D value
	M
	Minimum Btx,R2D # of PRBs

	1
	1

	2
	1

	4
	1

	6
	1

	8
	2

	12
	2

	16
	2

	24
	2

	32
	3







M values [ACTIVE]
[bookmark: _Ref159513742][bookmark: _Ref163929412][bookmark: _Toc159620313]Round 1
From studying the papers to this meeting, there seems only a few proposals to update TP on the minimum Btx,R2D value in the row of M=24 and M=32 with justification by referring simulation observations: 2 companies suggest change from 2 PRBs to 3 PRBs for M=24, and from 3 PRBs to 4 PRBs for M=24.

Other changes on the M values-set or etc. and how to perform potential down-selection are not expected to be needed during the SI, given the “minimum values” basis we made the table agreement. Companies would discuss reasons for certain M values they want in a normative stage when the M values is going to be down-selection if any.

Hence, FL will check on updating minimum Btx,R2D value on row of M=24 and M=32, but since this is not needed to finish the SI, we can leave to WI if there is disagreement.

Proposal 2.2.1(I): Capture the following TP update into TR 38.769

	…(unchanged parts omitted)…
Table 6.1.1.x-1 is a starting point for study of M values and the associated minimum Btx,R2D value. The reader can use any transmission bandwidth greater than or equal to the minimum Btx,R2D value.
Note:	Depending on further study, the maximum value of M may be less than 32.
Note:	The performance can be better when transmission bandwidth greater than the minimum Btx,R2D, depending on device processing and transmit power constraint.
Table 6.1.1.x-1: Starting point for M values and the associated minimum Btx,R2D value
	M
	Minimum Btx,R2D # of PRBs

	1
	1

	2
	1

	4
	1

	6
	1

	8
	2

	12
	2

	16
	2

	24
	23

	32
	34



…(unchanged parts omitted)…



	Company
	Any objection?

	Xiaomi
	We think it is better to clarify the motivation of changing the minimum PRB number for the M=24 and M=32.

	Huawei, HiSilicon
	It is fine for us.

	FL
	Given the lack of objection, will copy to online.

Xiaomi: It is proposed due to evaluations in a few papers that performance is better by increasing the minimum bandwidth with large M values, whereas there is no performance gain for doing so with small M values. You can check InterDigital in R1-2410311.

	
	

	
	



Round 2
Xiaomi: It is due to evaluations in a few papers that performance is better by increasing the minimum bandwidth. 

It seems there is either no objection, or low interest in this proposal, so it is brought forward unchanged.

Proposal 2.2.1(II): Capture the following TP update into TR 38.769

	…(unchanged parts omitted)…
Table 6.1.1.x-1 is a starting point for study of M values and the associated minimum Btx,R2D value. The reader can use any transmission bandwidth greater than or equal to the minimum Btx,R2D value.
Note:	Depending on further study, the maximum value of M may be less than 32.
Note:	The performance can be better when transmission bandwidth greater than the minimum Btx,R2D, depending on device processing and transmit power constraint.
Table 6.1.1.x-1: Starting point for M values and the associated minimum Btx,R2D value
	M
	Minimum Btx,R2D # of PRBs

	1
	1

	2
	1

	4
	1

	6
	1

	8
	2

	12
	2

	16
	2

	24
	23

	32
	34



…(unchanged parts omitted)…



	Company
	Any objection? (Comments copied forward by FL)

	Xiaomi
	We think it is better to clarify the motivation of changing the minimum PRB number for the M=24 and M=32.

	Huawei, HiSilicon
	It is fine for us.

	
	

	
	

	
	



[bookmark: _R2D_line_coding][bookmark: _Ref164028992]R2D line coding [ACTIVE]
	Agreement RAN1#116
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.

Agreement RAN1#117
The study assumes the following bit to chip mapping for Manchester encoding: 
· [bookmark: _Hlk173450025]bit 0→chips{10}, bit 1→chips{01}
· FFS: Variant of the above for CP handling

Agreement RAN1#118bis
{A TP was agreed. Omitted here.}




Round 1
It seems a number of companies want to conclude the study by stating that Manchester coding is used as the baseline for R2D line codes. While the FL understands that there are also companies that want to use PIE encoding depending on the source of the RF energy harvesting signal and whether other energy sources are present, capturing Manchester codes as a baseline does not preclude comparing the necessity/benefits of PIE to the baseline. Hence, the FL attempts the following proposal.

Proposal 2.3(I): Manchester coding is the baseline for R2D line codes.
	Company
	Views 

	TCL
	Support

	vivo
	Support

	Xiaomi
	We support this proposal.

	OPPO
	Support 

	ETRI
	Support

	Panasonic
	Support

	Futurewei
	Support

	Samsung
	We feel confusing on how to interpret “baseline”. In our understanding, a baseline solution can be generally applied to different use cases and compared with other solutions to justify whether other solutions introduce gain. 
However, regarding utilization of PIE for R2D at least on energy harvesting perspective, several companies commented Manchester may not be sufficient to support R2D energy harvesting operation thus is unreliable charging signal. 
Therefore, we worry this proposal would mislead the key intention of studying PIE.

	Huawei, HiSilicon
	Support

	DOCOMO
	We support in principle. But given that this is SI, we prefer to clarify the intention of “the baseline”, i.e., whether this is interpreted as recommendation for normative work.

	LGE
	We don’t support this proposal. We can anyway discuss down-selection when we discuss the work scope in Rel-19 and the releases after that.

	Ericsson
	Ok

	FL
	Based on the admittedly small number of negative comments, FL will leave this as a down-selection to be made later.



[bookmark: _Ref164029025][bookmark: _Toc159620314]R2D FEC / repetition [ACTIVE]
Round 1
For R2D FEC, Proposal 2.4.1a(I) containing the company observations on R2D FEC from the previous meeting was stable, but unfortunately omitted when the proposals were presented in the online session. Hence, the following TP is proposed, along with one company’s view on the increased complexity and memory requirements that has been included (marked in green).

Proposal 2.4.1a(I): For R2D FEC, adopt the TP below in Section 6.1.1.x.1 of TR 38.769:
	[bookmark: _Toc181740513]***unchanged parts omitted***
6.1.1.x.1	Channel coding and CRC
PRDCH without FEC is studied as the baseline, with evaluations performed by comparison to this baseline. The study assumes PRDCH can attach a CRC, where the baseline design is using a 6-bit or 16-bit CRC with polynomials as per TS 38.212 [R1-3]. A baseline of no CRC attachment is also included. For the study of CRC designs, see Clause 6.1.0.2.
Sources [Huawei], [TCL], [Vivo], [ZTE], [Samsung], and [Apple] provide justifications for not having R2D FEC beyond the baseline, with the following observations:
· Sources [Huawei], [ZTE] and [Fujitsu] state that FEC decoders require complicated arithmetic or logical operations which are too complicated to be implemented in device 1.
· Sources [ZTE] and [Samsung] state that it would be difficult for a device to implement a FEC decoder due to its low power consumption.
· Source [Huawei] and [Fujitsu] state that FEC decoder procedures such as the de-interleaving operation or route metric caching require volatile memory of a certain size with a certain reading/writing throughput, which cannot be supported by device 1.
· They also mention that the received signal power at the device can be relatively high (e.g., >-60 dBm), making the receiver sensitivity not the bottleneck of the link budget for target coverage, even for device 2b, thus questioning the necessity of R2D FEC.
Sources [Ericsson] and [Qualcomm] provide the following justifications for using FEC in R2D for device 2b:
· Source [Ericsson] claims that CC with small constraint lengths (e.g., 3 or less) offer a substantial performance gain over uncoded transmission, especially in a fading environment, with reasonable complexity. CC with explicit tail-biting transmission to aid decoding may be suitable for R2D.
· Source [QC] claim that even simple block code (e.g., Golay, RM) with hard decisions can significantly reduce the required SNR for achieving a target BLER e.g., 1%. 
***unchanged parts omitted***



	Company
	Views / anything missing?

	Xiaomi
	Thanks FL summary, for the following comment, please add Xiaomi. In our contribution, we have similar description.
· Sources [Huawei], [ZTE] and [Fujitsu] [Xiaomi]state that FEC decoders require complicated arithmetic or logical operations which are too complicated to be implemented in device 1.


	Futurewei 
	Adding “Futurewei to the following text:

Sources [Huawei], [TCL], [Vivo], [ZTE], [Samsung], and [Apple] [Futurewei] provide justifications for not having R2D FEC beyond the baseline, with the following observations:
· Sources [Huawei], [ZTE] and [Fujitsu] [Futurewei] state that FEC decoders require complicated arithmetic or logical operations which are too complicated to be implemented in device 1.

	Huawei, HiSilicon
	We are fine with the update.

	FL
	Will add the company names, and copy to online.

	
	



For R2D repetitions, similarly, Proposal 2.4.1b(I) from the previous meeting was stable, but unfortunately omitted when the proposals were presented in the online session. The following is the same TP, with the addition of a supporting company (marked in green).

There is a further TP shown below on new observations, separated for convenience of commenting.

Proposal 2.4.1b(I): For R2D repetitions, adopt the TP below in Section 6.1.1.x.2 of TR 38.769:
	[bookmark: _Toc181740514]***unchanged parts omitted***
6.1.1.x.2	Repetition
Regarding R2D repetitions, it is reported by sources [R1-9421-11] (only for R2D control, if supported), [R1-9421-12], [R1-9421-32], [R1-9421-13], [R1-9421-21], [R1-9421-19], [R1-9421-28] and [R1-9421-30] that R2D repetitions should be supported. The following are observations regarding the different types of repetition that should be supported.
… …
***unchanged parts omitted***
On the other hand, it is reported by sources [Nokia], [Ericsson], [Huawei], [CMCC],] and [Vivo] that R2D repetitions should not be supported, giving justifications:
· Source [Nokia] mention that the transmission power of a R2D transmission is typically much greater than its corresponding D2R transmissions, and if the R2D transmission has coverage issues, then the corresponding D2R transmission would not reach the reader. Hence it should be considered for D2R transmissions alone.
· Source [Ericsson] say that not supporting R2D repetition can be the baseline.
· Source [CMCC], [LG] and [Xiaomi] include that the decision to support R2D repetitions can be based on whether the activation threshold is a bottleneck according to the coverage evaluations.
· Source [CMCC] and [Huawei] also comment that from a device perspective, especially device 1 with low complexity and memory storage, it is not possible to combine multiple repetitions.
***unchanged parts omitted***



	Company
	Views / anything missing?

	TCL
	Sorry for the lost observation in our tdoc. Some revision, thanks~
· Source [Ericsson, TCL] say that not supporting R2D repetition can be the baseline.

	Huawei, HiSilicon
	We are fine with the update.

	Ericsson
	Our 9.4.2.1 contribution to this meeting does not mention repetition, so the mentioning of Ericsson in the first sentence and in one of the bullets can be removed.

Our view is in line with this sentence in the TR: “Sources [R1-9421-3], [R1-9421-8] and [R1-9421-11] state that chip-level repetition is equivalent to long chip transmission, i.e., by using a smaller modulation index, and therefore, there is no need to support this option.”

	FL
	Will add company names and copy to online.



For R2D repetitions, in addition to the observations that were agreed to be captured in the TR in the last meeting, the following TP handles the inclusion of observations that have been provided by companies in this meeting.

Proposal 2.4.1c(I): For R2D repetitions, adopt the TP below in Section 6.1.1.x.2 of TR 38.769:
	***unchanged parts omitted***
Bit-level repetition
Positive observations:
-	Source [R1-9421-3] state that bit level repetition can be studied if coverage enhancement of the R2D link is required.
-	Source [R1-9421-12] state that bit level repetition where every input bit repeated for 8 times before Manchester coding could have ~4dB gain when compared with no repetition. They claim using Manchester codes with repetitions require a simple structure and consumes extremely low power.
-	Source [R1-9421-28] state that bit level repetitions with scrambling is required since the former would improve the link budget and the latter would add extra randomness to the information bits, providing gain by suppressing the interference. They also claim that repetitions can be used in devices that cannot soft combine the repetitions, and majority-based detection would offer gain for these devices.
Negative observations:
-	Source [R1-9421-9] state that since envelope detection is used for R2D reception, bit level repetition may not provide expected gain for the reception.
-	Source [R1-9421-8] state that though it may be feasible, it increases the device’s processing complexity for reception, e.g., combination, repetition parameters determination.
· Source [Fujitsu] state that repetition gain of a bit-level repetition, which requires additional standardization effort to define necessary control information, mainly comes from the energy accumulation of the signal, and should be similar with the achievable gain by directly lowering the chip rate/reducing the M value, which does not require this additional effort.
Block-level repetition
Positive observations:
-	Source [R1-9421-32] state that at least for large TBs, repeatedly transmitting the TB multiple times consecutively provides time diversity gain and increases the probability that at least one of the repetitions can be successfully decoded.
· Source [ZTE] further state that the device can perform the block-wise detection without chase combination of the repeated blocks so that block-level repetition may not need additional buffer and increase the complexity and cost.
· Source [Fujitsu] state that block-level repetition can obtain a bigger repetition gain than that achieved by bit- or chip-level repetition, and can enjoy both the time diversity gain and the gain of energy accumulation.
Negative observations
-	Source [R1-9421-8] state that considering limited capability and cost for an A-IoT device, block level repetition for R2D should be excluded.
· Source [Fujitsu] state that block-level repetition additionally requires a very large volatile memory to store all received repetitions of one block.
Chip-level repetition
Positive observations:
-	Source [R1-9421-9] state that it may be useful for R2D transmission coverage and can be considered to generate a lower data rate than 7kbps.
-	Source [R1-9421-30] state that chip-level repetition increases the chip duration, improving the edge detection at the receiver, thereby having a ~2dB performance increase when compared to bit level repetitions.
Negative observations:
-	Sources [R1-9421-3], [R1-9421-8] and [R1-9421-11] state that chip-level repetition is equivalent to long chip transmission, i.e., by using a smaller modulation index, and therefore, there is no need to support this option.
· Source [Fujitsu] state that repetition gain of a chip-level repetition, which requires additional standardization effort to define necessary control information, mainly comes from the energy accumulation of the signal, and should be similar with the achievable gain by directly lowering the chip rate/reducing the M value, which does not require this additional effort.
***unchanged parts omitted***




	Company
	Views / anything missing?

	Huawei, HiSilicon
	We are fine with the update.

	FL
	No changes requested, so will copy to online.

	
	

	
	




Round 2
The FL observes that the proposals in this section are stable, with the addition of company names to the list of supporters. These have been captured in the proposals below:

Proposal 2.4.1a(II): For R2D FEC, adopt the TP below in Section 6.1.1.x.1 of TR 38.769:
	***unchanged parts omitted***
6.1.1.x.1	Channel coding and CRC
PRDCH without FEC is studied as the baseline, with evaluations performed by comparison to this baseline. The study assumes PRDCH can attach a CRC, where the baseline design is using a 6-bit or 16-bit CRC with polynomials as per TS 38.212 [R1-3]. A baseline of no CRC attachment is also included. For the study of CRC designs, see Clause 6.1.0.2.
Sources [Huawei], [TCL], [Vivo], [ZTE], [Samsung], [Futurewei] and [Apple] provide justifications for not having R2D FEC beyond the baseline, with the following observations:
· Sources [Huawei], [ZTE] , [Futurewei], [Xiaomi] and [Fujitsu] state that FEC decoders require complicated arithmetic or logical operations which are too complicated to be implemented in device 1.
· Sources [ZTE] and [Samsung] state that it would be difficult for a device to implement a FEC decoder due to its low power consumption.
· Source [Huawei] and [Fujitsu] state that FEC decoder procedures such as the de-interleaving operation or route metric caching require volatile memory of a certain size with a certain reading/writing throughput, which cannot be supported by device 1.
· They also mention that the received signal power at the device can be relatively high (e.g., >-60 dBm), making the receiver sensitivity not the bottleneck of the link budget for target coverage, even for device 2b, thus questioning the necessity of R2D FEC.
Sources [Ericsson] and [Qualcomm] provide the following justifications for using FEC in R2D for device 2b:
· Source [Ericsson] claims that CC with small constraint lengths (e.g., 3 or less) offer a substantial performance gain over uncoded transmission, especially in a fading environment, with reasonable complexity. CC with explicit tail-biting transmission to aid decoding may be suitable for R2D.
· Source [QC] claim that even simple block code (e.g., Golay, RM) with hard decisions can significantly reduce the required SNR for achieving a target BLER e.g., 1%. 
***unchanged parts omitted***



	Company
	Sourcing companies check if ok

	
	

	
	

	
	

	
	



Proposal 2.4.1b(II): For R2D repetitions, adopt the TP below in Section 6.1.1.x.2 of TR 38.769:
	***unchanged parts omitted***
6.1.1.x.2	Repetition
Regarding R2D repetitions, it is reported by sources [R1-9421-11] (only for R2D control, if supported), [R1-9421-12], [R1-9421-32], [R1-9421-13], [R1-9421-21], [R1-9421-19], [R1-9421-28] and [R1-9421-30] that R2D repetitions should be supported. The following are observations regarding the different types of repetition that should be supported.
… …
***unchanged parts omitted***
On the other hand, it is reported by sources [Nokia], [Ericsson], [Huawei], [CMCC],] and [Vivo] that R2D repetitions should not be supported, giving justifications:
· Source [Nokia] mention that the transmission power of a R2D transmission is typically much greater than its corresponding D2R transmissions, and if the R2D transmission has coverage issues, then the corresponding D2R transmission would not reach the reader. Hence it should be considered for D2R transmissions alone.
· Source [Ericsson], [TCL] say that not supporting R2D repetition can be the baseline.
· Source [CMCC], [LG] and [Xiaomi] include that the decision to support R2D repetitions can be based on whether the activation threshold is a bottleneck according to the coverage evaluations.
· Source [CMCC] and [Huawei] also comment that from a device perspective, especially device 1 with low complexity and memory storage, it is not possible to combine multiple repetitions.
***unchanged parts omitted***



	Company
	Sourcing companies check if ok

	
	

	
	

	
	

	
	




Proposal 2.4.1c(I) - no changes were requested, has been copied to online.

[bookmark: _Ref159623673]R2D and D2R CRC [VOID]
See Section 4.
[bookmark: _A-IoT_DL_multiple][bookmark: _R2D_multiple_access][bookmark: _Toc159620315][bookmark: _Ref163935188][bookmark: _R2D_numerology][bookmark: _A-IoT_DL_numerology][bookmark: _Ref159522110][bookmark: _Toc159620316]R2D multiple access [ACTIVE]
	Agreement
[bookmark: _Hlk173493413]From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.

Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.


Round 1
There are a few more observations that could be captured from tdoc analysis for R2D multiple access, and FL proposes as follows in the same style as RAN1#118bis.

Proposal 2.6a(I): Add the following TPs to the TR:
	[bookmark: _Toc181087100]6.1.1.x	R2D multiplexing
For R2D, time-domain multiplexing is the baseline. Code-domain multiplexing is not considered for device 1/2a/2b. Frequency-domain multiplexing is not considered for the devices with an RD-ED receiver (see Clause 5). For device 2b with IF-ED or ZIF receivers, the study considered the following technical aspects:
Table 6.1.1.x-1: Observations on the feasibility and necessity of FDM for Device 2b
	Aspects to be considered for feasibility/benefit
	Observations

	Inventory completion time
	Sources [R1-9421-3], [R1-9421-22], [R1-9421-4], [R1-9421-12] state that FDM is beneficial to reduce the inventory completion time, especially considering more devices per reader due to the larger maximum distance for Device 2b.

Source [vivo] state that inventory latency reduction would be limited, due to difficulty of allocating frequency resources efficiently for Msg2 by reader with uncertainty of number of successful Msg 1, and difficulty of informing an A-IoT device R2D frequency location other than Msg2.

	Device implementation
	Sources [R1-9421-18], [R1-9421-27], [R1-9421-3], [R1-9421-22], [R1-9421-12] state that channel selection may be performed by a narrowband filter (IF filter or BB filter) after the mixer for Device 2b, if the LO accuracy is sufficiently good.

Source [Panasonic] states that narrowband RF filtering at device side to realize R2D FDM would be challenging considering reception performance and complexity, while such filtering would also limit the deployment scenario supported by device.

Sources [R1-9421-34], [R1-9421-24], [R1-9421-6], [R1-9421-2], [R1-9421-5] state that it would be challenging for a device using an RF-ED receiver architecture to distinguish the different incoming signal fall into the RF BW without narrowband RF filtering which may cause increasing device implementation complexity and power consumption.

Source [R1-9421-3] states that the larger R2D responses are harder for the devices to process in the case of TDM+FDM/TDM only for D2R/R2D, respectively.

	Spectrum utilization
	Source [R1-9421-34] state that the spectral efficiency may be impacted by the guard band across the FDMed R2D transmissions to multiple devices.

Source [Ericsson] state that the spectrum utilization can still be higher for non-RF-ED based devices if FDM is used, despite guard bands.

Source [vivo] state that spectrum efficiency improvement would be limited, due to difficulty of allocating frequency resources efficiently for Msg2 by reader with uncertainty of number of successful Msg 1, and difficulty of informing an A-IoT device R2D frequency location other than Msg2.

	Coverage (in the case of single reader)
	Source [R1-9421-5] states the R2D link budget of a reader is decreased due to the power splitting between the parallel R2D channels.

Source [R1-9421-3] states the coverage target of Device 2b is still larger than that of Device 1 (with RF-ED architecture).

	Reader implementation (in the case of single reader)
	Source [R1-9421-5] states that additional interference suppression may be needed to deal with the intermodulation between the parallel R2D transmissions.

	Harmonized design for all devices
	Sources [R1-9421-26], [R1-9421-9], [R1-9421-19], [Spreadtrum] state that it is not appropriate to include FDM only for Device 2b, while Device 1 and 2a cannot support it.

Source [vivo] state that non-harmonized resource allocation for different device types complicates the system design.

Source [Ericsson] state that a deployment supporting a combination of RF-ED devices and non-RF ED devices can be harmonized by TDMA’ing different types of R2D time slots, where some time slots can support only a single frequency occasion while other time slots support multiple frequency occasions.






	Company
	Views / anything missing?

	
	

	
	

	
	

	FL
	No comments received, hence copied to online.



R2D time-domain definitions

There was an agreement in RAN1#118bis regarding the correspondence between a chip and a modulated symbol in D2R for at least OOK and BPSK.

	Agreement
In D2R, a chip corresponds to one modulated symbol at least for OOK and BPSK.
· FFS: the definition for MSK.




For the correspondence between a chip and modulation in R2D, several companies make the same proposal as for D2R which seems reasonable. The difference in the wording is because of the OFDM step included in R2D.

Proposal 2.7a(I): In R2D, a chip corresponds to one OOK symbol.

	Company
	Views

	TCL
	Support.

	vivo
	Support

	Xiaomi
	We support this proposal.

	OPPO
	Support 

	Futurewei
	Support

	Samsung
	Support

	Huawei, HiSilicon
	Support

	LGE
	Support

	Ericsson
	Support

	FL
	Will copy to online section



On R2D chip duration, during RAN1#118bis and earlier, FL tried capturing a few calculation methods. This proved undesirable because it required capturing a lot of solution-specific cases which essentially were just derivations of the designs for CP handling.

Fortunately, we already have the following sentence captured in the TR:

	For Method Type 2, depending on the design, the chip duration generation of OOK-4 for M-chip per OFDM symbol transmission could possibly be determined by:
-	M, and the length of OFDM symbol with CP
-	M, and the length of OFDM symbol without CP
-	Depending on detailed solutions, chip duration may or may not be constant. 



Considering all the above, FL suggests we conclude that chip duration, like detailed CP handling design, is a normative phase detail.

Proposed Conclusion 2.7b(I): Since R2D chip duration is a consequence of CP handling design, it is not studied further in RAN1, and is left to a later phase.

	Company
	Views

	vivo
	Agree.

	Xiaomi
	We support this proposal.

	ZTE, Sanechips
	We suggest that the chip duration calculations for different CP handling methods should be captured as the candidate methods for chip duration definition into TR 38.769 for better understanding the solutions and better progress in the normative phase.


	OPPO
	Support 

	Samsung
	Support

	Huawei, HiSilicon
	Support

	LGE
	Okay.

	Ericsson
	Support

	FL
	Thanks to ZTE for seeking more progress! But based on all the other comments, FL clearly will not try to re-introduce the detailed material.

Conclusion copied to online. Of course, we do not actually have to agree to such a conclusion since it doesn’t impact the TR.



[bookmark: _A-IoT_DL_bandwidths][bookmark: _R2D_bandwidths_[ACTIVE]][bookmark: _Toc159620319]R2D bandwidths [INACTIVE]
The remaining points in papers can be taken as normative phase details. Hence no FL proposals seem needed here.
D2R
[bookmark: _A-IoT_UL_waveform][bookmark: _D2R_waveform_[ACTIVE]][bookmark: _Ref159542128][bookmark: _Toc159620321][bookmark: _Ref159710358][bookmark: _Ref159542789]D2R waveform [ACTIVE]

[bookmark: _Round_1]Round 1
By studying the papers, one company [11] ask to understand how the baseband waveform is converted to the RF waveform for device 2b. They see two options which is actually up-converting the baseband waveform either to a single RF frequency tone, or to two RF frequency tones. Feature lead would like to check views from companies for this. 

Proposal 3.1(I): For D2R with device 2b, the baseband waveform can be formed only by using a traditional up-converter with a single frequency tone, or it can have the same options as the external CW.

	Company
	Views 

	TCL
	Seems this proposal is not necessary in 9421 due to the description of D2R signal generation of device 2b is more like 9412 or 9424 related topics. 

	vivo
	It is unclear to us, what does ‘same options as external CW’ mean. 
Further clarification from proponent company would be appreciated. 

	Xiaomi
	By using a traditional up-converter with a single frequency tone seems like a implementation issue, so it is better to make the description more generally, we prefer to delete “only by using a traditional up-converter”. 
The definition of “a single frequency tone” needs be clarified, whether it is the same with the unmodulated single tone, if so, it has been captured by “or it can have the same options as the external CW”.   

Therefore, so we make the following revisions with blue part:
For D2R with device 2b, the baseband waveform can be formed only by using a traditional up-converter with a single frequency tone, or it can have the same options as the external CW.



	ZTE, Sanechips
	It is clarified in the first meeting that device is not assumed to switch between active and passive transmission, which can be also reflected in the receiver architecture blocks. So we think the following descriptions are not consistent with the current agreements.
“ it can have the same options as the external CW.”

	Qualcomm
	We agree there are the two options for device 2b and these need to be captured in the TR. However, we agree with other companies that the two options in the proposal are not very clear. 

We think the two options can be described as follows.
The baseband waveform is either:
(1) a sequence of OOK/BPSK/MSK symbols without line-coding/square wave generation and small frequency shift. The waveform is up-converted with an internally generated carrier wave at the frequency of the D2R transmission; or
(2) same as the options as for device 1/2a, including line-coding/square wave generation and small frequency shift. The internally generated carrier wave at the frequency Fc up-converts the baseband signal.


	Futurewei
	This proposal is related to the agreed architecture for Device 2b, which states that “Mixer performs up converting baseband signal to RF range.” 
As such, further discussion is needed to understand if the proposal is necessary or not. 

	Huawei, HiSilicon
	Our understanding is that it can have the same options as the external CW, which means the baseband waveform is converted to a single tone RF or 2 single tone RF for device 2b.

	DOCOMO
	We also suggest to clarify how device 2b generate RF waveform and agree with companies that clarification on the current proposal is necessary. In our understanding, this is related to how device 2b performs small frequency shift and such context should be mentioned. We agree that there are two options, one is to up-convert with D2R transmission frequency without small frequency shift by line coding/square wave which are assumed for device 1/2a and the other one is to up-convert with Fc with small frequency shift by line coding/square wave which are assumed for device 1/2a.

	Ericsson
	We agree with Qualcomm’s proposal.


 
	Agreement RAN1#118bis
The D2R baseband signal (as distinct from the internal or external carrier wave) is non-OFDM.


Round 2
To re-explain the proposal, it is taken from Apple’s paper [11], but perhaps too compressed in the Round 1 proposal. The question asked in [11] was whether device 2b should use always a single internal carrier wave or should be able to also use a ‘2 single tone’ internal carrier wave. The latter seems highly unlikely!

The point raised by Qualcomm will be addressed in a new FL Proposal in Section 3.3.2.2 (small frequency shift, round 2), according to offline checking.

	From [11, R1-2409801]:
Proposal 1: For D2R with device 2b, clarify how the baseband waveform is intended to be converted to RF frequency, whether to always use the traditional up-converter with a single frequency tone, or to study the similar options as the CW.



Proposal 3.1(II): Device 2b internally generates carrier wave with only a single tone. Device 2b does not use a ‘2 single tone’ carrier wave.

	Company
	Views 

	
	

	
	 

	
	



[bookmark: _D2R_modulation_[ACTIVE]][bookmark: _A-IoT_UL_modulation][bookmark: _Ref164029007][bookmark: _Toc159620322][bookmark: _Ref159710448][bookmark: _Ref163988803]D2R modulation [ACTIVE]

	Agreement RAN1#116bis
Study for all devices the following for D2R baseband modulation, for potential down-selection:
· OOK
· Binary PSK
· Binary FSK
· Strive to identify one variant of Binary FSK to study further

Agreement RAN1#118
· OOK and Binary PSK for baseband modulation are feasible for D2R for all devices.
· The variant of Binary FSK to study further for all devices is identified as MSK (and not GMSK)
· FFS: whether MSK is feasible for all devices

Agreement RAN1#118bis
2SB modulation is feasible for D2R transmission for all devices. 
· Feasibility and necessity of 1SB would depend on the impacts due to issues including: device-side filtering requirements (i.e. image suppression), RF resource usage / spectral efficiency, etc.

Agreement RAN1#118bis
{A TP on MSK was agreed. Omitted here}.



Round 1
Studying from the papers to this meeting, seems no more new inputs except one company [29] propose DBPSK modulation. Feature lead acknowledge the proposal, but the level of interest is not sufficient to justify a FL proposal and it seems to be out of scope of the agreement made in previous meetings where no DBPSK is written in the closed-ended list.

There are only a few new observations on MSK using impedance switching in some papers, here just to have a simple proposal to add those information into the TP updating, the source company name will be further replaced by reference papers submitted to this meeting.

Proposal 3.2(I): Capture the following TP update into TR38.769

	…(unchanged parts omitted)…
For all devices, the following D2R baseband modulations are studied:
-	OOK
-	Binary PSK
-	Binary FSK, as MSK (and not GMSK)
OOK and BPSK for baseband modulation are feasible for D2R for all devices.
-	Sources [R1-9421-3], [R1-9421-11], [R1-9421-28], [R1-9421-16] report that MSK is feasible in some way:
-	[R1-9421-3], [R1-9421-11] say it is feasible for all devices, for example when it is implemented with multiple impedances switching
-	[R1-9421-28] say that it would be implemented as square-wave MSK for devices 1 and 2a, and sine-wave MSK for device 2b
-	For device 1 and 2a this type of MSK does not have continuous phase
-	[R1-9421-3] say that benefits include lower sidelobes than OOK and BPSK, and lower BER than OOK and same BER as BPSK 
-	Sources [R1-9421-5], [R1-9421-2], [R1-9421-9], [R1-9421-7], [R1-9421-8], [R1-9421-10], [R1-9421-23] report that MSK is either infeasible or should be deprioritized for all devices.
-	[R1-9421-5], [R1-9421-9], [R1-9421-7], [R1-9421-8], [R1-9421-2], [R1-9421-10], [R1-9421-23] say that MSK is less spectrally efficient than OOK and BPSK because there are issues due to poor phase accuracy in the device
-	[R1-9421-5], [R1-9421-7], [R1-9421-2], [R1-9421-8], [R1-9421-10] say that MSK would increase reader and device complexity
-	[R1-9421-8] say that MSK performance for device 2b would materially degrade due to CFO
-	[TCL] say that it is difficult to modulate MSK signal using impedance switching due to the implementation complexity, including frequency mapping and phase continuation. [Xiaomi] say that if multiple impedances switching are applied to maintain the phase continuity, it violates the principle of low device cost.
…(unchanged parts omitted)…



	Company
	Sourcing companies can check if this is ok?

	MTK
	Firstly, regarding the D2R modulation, we have no consensus/agreement on the details for achieving the binary PSK. All we have per previous agreement is, it is “binary”, and “PSK”, which we think is the two factors should be adhered towards the previous agreement. While regarding the details, e.g., it is achieved by an absolute phase or a differentiated phase, it is open and can be discussed.

Secondly, based on previous agreement, both coherent and non-coherent receivers are supported for D2R transmission. So it is reasonable that company can provide evaluation and observation towards binary PSK with coherent and non-coherent receiver. Based on the agreement achieved in 9.4.2.2 (copied below), a very strict requirement on CFO is imposed for coherent receiver at the reader. In that sense, a non-coherent receiver is more feasible. While it is observed that company may share different views on achieving the non-coherent receiver for binary PSK modulation. For example, some company may think by implementing binary PSK together with line coding, the non-coherent receiver can be achieved. While our understanding is that by implementing a differentiated binary PSK, the non-coherent receiver can be achieved.

For the CFO calibration signal, which is required only for device 2b to reduce the frequency offset range and the guard-bandwidth of D2R transmission, the following observations are captured in TR 38.769:
Source [5, CMCC][31, MTK] report that the optimization of the R2D time acquisition signal for clock frequency synchronization in device 2b is not pursued for coherent detection in the study because it is difficultmay not be possible to achieve enough frequency accuracy (0.01 ppm) even after CFO calibration based on R2D time acquisition signals for coherent detection at reader especially when the D2R data rate is low. Source [5, CMCC] also report that to reduce the guard band for D2R transmission, further optimize residual CFO from 100s ppm to 10s ppm is not attractive.

All in all, at current stage, we think it is fair to capture the spirit of the following observations regarding the performance evaluation of binary PSK with coherent and non-coherent receiver as copied below:
[bookmark: o2][bookmark: o3]Observation 1: For D2R transmission with binary PSK and coherent receiver, the performance highly depends on the CFO value and D2R transmission duration. For example, it is observed even for a CFO as low as 0.02 ppm, the D2R performance is unacceptable for a transmission duration of 8ms.
Observation 2: For D2R performance, compared to binary PSK with coherent receiver, differentiated BPSK with non-coherent receiver is more robust to the CFO impact and is not impacted by the D2R transmission duration. For example, it is observed even for a CFO of 0.1 ppm, the D2R performance is acceptable.

	FL
	No comments on capture the corrections, hence copied to online.
No agreement exists to study DBPSK.

	
	

	
	

	
	



[bookmark: _A-IoT_UL_line][bookmark: _D2R_line_coding][bookmark: _Ref159542672][bookmark: _Toc159620323][bookmark: _Ref163983428][bookmark: _Ref163983521]D2R line coding 
	Agreement
For D2R, study: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: How to achieve small frequency shift in baseband and/or FDM(A) among devices
· Aspects to study include:
· Spectrum shape
· Complexity
· Power consumption
· BER, BLER
· Resilience to SFO
· If there is any relation to CFO

Agreement RAN1#117
The study assumes the following bit to chip mapping for Manchester encoding: 
· bit 0→chips{10}, bit 1→chips{01}
· FFS: Variant of the above for CP handling

Agreement RAN1#118
For D2R line codes, the study assumes the following codewords corresponding to an information bit 0 or bit 1, before considering potential small frequency-shifting:
· For FM0:
· According to Figures 6-8 and 6-9 of UHF RFID standard
· For Miller:
· According to Figure 6-12 of UHF RFID standard.

Agreement RAN1#118bis
{A TP was agreed. Omitted here}.


Line code types [ACTIVE]
Round 1
For D2R line codes, the FL observes that while some companies had recommended the use of Manchester codes as baseline, others had also expressed their support for Miller codes. However, no company has indicated support for FM0, while one company stated that it should not be supported at all. Hence, the FL proposes the following:

Proposal 3.3.1(I): For D2R line codes, FM0 is deprioritized.
	Company
	Views

	TCL
	Support.

	vivo
	OK

	Xiaomi
	We are fine with this proposal.

	OPPO
	OK 

	ETRI
	OK

	Samsung
	OK

	Huawei, HiSilicon
	Support.

	LGE
	Okay

	Ericsson
	Ok

	FL
	No concerns, so copied to online



Small frequency shift [ACTIVE]
Round 1

	Agreement RAN1#118
Small frequency shifts for D2R are studied for OOK and BPSK:
· For applying with Manchester line codes
· Option 1: By repetition of the codewords within the same time duration corresponding to an information bit. FFS how to define this repetition.
· Option 2: By multiplying the Manchester codeword with a square wave corresponding to the small frequency-shift.
· Companies to report how they perform multiplying for option 2
· For applying with Miller line codes, according to Figure 6-13 of UHF RFID standard.
· For FM0, small frequency shift is not defined
· If no D2R line code is used, by using a square-wave corresponding to the small frequency-shift.
· Potential purposes include:
· FDMA of D2R, if supported
· CW interference avoidance, if supported
· Note: small frequency shifts for D2R are studied for the same potential purposes for relevant identified BFSK variant(s)

Agreement RAN1#118bis
For small frequency shifts in D2R using Manchester line codes by repetition of the codewords within the same time duration Tb corresponding to an information bit (Option 1), each Manchester codeword is repeated by a codeword repetition number R, where R = Tb/(2 * chip length), such that the amount of small frequency shift in Hz is R/Tb = 1/(2 * chip length).

Agreement RAN1#118bis
For small frequency shifts in D2R using Manchester line codes by multiplying the codeword with a square wave corresponding to the small frequency shift (Option 2), the multiplication is performed according to the following options:
· One option is that the multiplication operation is an XOR operation between Manchester codeword corresponding to the information bit and the square wave for the small frequency shift.
· Another option is that the multiplication operation is an XNOR operation between Manchester codeword corresponding to the information bit and the square wave for the small frequency shift.

Agreement RAN1#118bis
Regarding small frequency shift factor, capture in the TR that:
· For study purposes 
· For BPSK and OOK, the small-frequency-shift factor is defined as the ratio of bit length to two times the chip length
· The value of small-frequency-shift factor depends on details of design, which according to proposals considered could be e.g.
· The repetition number of Manchester codeword within one information bit duration
· The M value of Miller in Figure 6-12 of UHF RFID standard
· The number of square-wave periods within one information bit duration

Agreement RAN1#118bis
For small frequency shifts in D2R, the following observations are captured in TR 38.769:
{Remainder of TP omitted}



FL observes that a few companies had submitted observations for small frequency shifts being applied to the different line codes. FL has avoided the capturing of single company observations; the following TP includes observations from multiple companies.

Proposal 3.3.2a(I): For small frequency shifts in D2R, adopt the TP below in Section 6.1.2.x.1 of TR 38.769:
	[bookmark: _Toc181740538]6.1.2.x.1	Small frequency shifts
***unchanged parts omitted***
Sources [R1-9421-1], [R1-9421-8], [Huawei] and [R1-9421-28] state that Manchester codeword repetitions within the same time duration corresponding to an information bit is equivalent to bit-level repetitions within the same duration prior to Manchester encoding. Sources [CMCC] and [Vivo] state that option 1 has a more concentrated spectrum, and requires lesser bandwidth as compared to Option 2. Source [Vivo] further states that while Option 1 and option 2 show similar BLER performance for single device case, Option 1 outperforms Option 2 with FDMA, especially with presence of 105 ppm SFO. Option 1 can achieve additional gain for coverage evaluation due to lower effective noise power.
Sources [R1-9421-8], [R1-9421-32] and [R1-9421-13] state that the output waveform for Manchester line codes by Option 2 introduces a phase reversal of the output waveform in the middle of the time duration corresponding to an information bit as compared to Option 1.
***unchanged parts omitted***



	Company
	Views / Anything missing?

	Huawei, HiSilicon
	We are fine with the update.

	FL
	No change, copied to online.

	
	

	
	



It is the FL’s understanding that the discussions on small frequency shifts can be concluded, since there are no pending FFSs and the observations reported by companies have been captured in the TR. However, there have been proposals to capture the amount of small frequency shift achieved by Manchester coding option 2 and the no line code case from one company each. To this regard, the FL has captured these in the following proposals, in an attempt to check if this is agreeable to companies.

Proposal 3.3.2b(I): For small frequency shifts in D2R using Manchester line codes by multiplying the Manchester codeword with a square wave corresponding to the small frequency-shift, each information bit Tb includes Rs number of square wave periods, where Rs = Tb/(2 * chip length), such that the amount of small frequency shift in Hz is Rs/Tb = 1/(2 * chip length).

	Company
	Is this ok to add, or not needed?

	vivo
	Fine to add it. In our understanding, 1/(2(chip length) is applicable to all, i.e., Manchester option 1&2 and no line code case. 

	ZTE, Sanechips
	OK

	Qualcomm
	Agree

	OPPO
	OK 

	Futurewei
	OK

	Samsung
	OK

	Huawei, HiSilicon
	We are not sure whether this is needed, since the following line has already been captured in the TR:
“For study purposes, for BPSK and OOK, the small-frequency-shift factor is defined as the ratio of bit-length to two times the chip length.”

	DOCOMO
	OK

	LGE
	Okay

	FL
	Given the level of “ok”, FL will not make the proposed reduction, and will copy to online.



Proposal 3.3.2c(I): For small frequency shifts in D2R using a square-wave corresponding to the small frequency-shift and no line codes, each information bit Tb includes Rs number of square wave periods generated by 2R OOK chips [0, 1, 0, 1, ..] or BPSK chips [-1, +1, -1, +1, …], such that the amount of small frequency shift in Hz is Rs/Tb.

	Company
	Is this ok to add, or not needed?

	TCL
	We do not sure if 2R OOK chips [0, 1, 0, 1, ..] or BPSK chips [-1, +1, -1, +1, …] is fixed generation method. 

	ZTE, Sanechips
	OK with the proposal. However, we suggest that the forms of 2R OOK chips and BPSK chips should not only defined as [0, 1, 0, 1, ..] and [-1, +1, -1, +1, …] respectively. It can be also the forms of 2R OOK chips [1, 0, 1, 0, ..] and BPSK chips [+1, -1, +1, -1, …].


	Qualcomm
	Agree with the proposal. Regarding ZTE’s comment, we agree it can be “2R OOK chips [1, 0, 1, 0, ..] and BPSK chips [+1, -1, +1, -1, …]”. However, we wonder what is the reason/benefit to list both ways.


	Futurewei
	Should 2R be read as 2Rs ?

	Samsung
	Generally OK

	Huawei, HiSilicon
	We are not sure whether this is needed, since the following line has already been captured in the TR:
“For study purposes, for BPSK and OOK, the small-frequency-shift factor is defined as the ratio of bit-length to two times the chip length.”

	DOCOMO
	OK



[bookmark: _Round_2]Round 2
Proposal 3.3.2a – no change, copied to online.
Proposal 3.3.2b – no change, copied to online

Proposal 3.3.2c: The FL made changes based on the comments from companies, presuming it is sufficient to include both the square wave waveforms. The notation Rs is academic, and different than other agreements.

Proposal 3.3.2c(II): For small frequency shifts in D2R using a square-wave corresponding to the small frequency-shift and no line codes, each information bit Tb includes R number of square wave periods generated by 2R OOK chips [0, 1, 0, 1 …]/[1, 0, 1, 0 ..] or BPSK chips [-1, +1, -1, +1, …]/[+1, -1, +1, -1, …], such that the amount of small frequency shift in Hz is R/Tb.

	Company
	Any final comments?

	
	

	
	

	
	

	
	





FL here address the Qualcomm comment from section 3.1.1, after clarifying offline that the previous section has another purpose. The Qualcomm proposal in section 3.1.1 is to have a statement that Device 2b could also directly modulate a carrier wave, i.e. use conventional up-conversion, in addition to the other already-described small frequency shift methods.

Proposal 3.3.2d(II): Adopt the following TP for the TR:

	6.1.2.x.1	Small frequency shifts
For OOK and BPSK, small frequency shifts are studied
-	For applying with Manchester line codes
-	Option 1: Each Manchester codeword is repeated by a codeword repetition number R, within the same time duration Tb corresponding to an information bit, where R = Tb/(2 × chip length), such that the amount of small frequency shift in Hz is R/Tb = 1/(2 × chip length).
-	Option 2: By multiplying the Manchester codeword with a square wave corresponding to the small frequency shift. The multiplication operation is performed as either an XOR or XNOR operation between a Manchester codeword corresponding to the information bit and the square wave for the small frequency shift.
-	For applying with Miller line codes, according to Figure 6-13 of [R1-4].
-	For FM0, small frequency shift is not defined
-	If no D2R line code is used, by using a square-wave corresponding to the small frequency-shift.
-	Only for Device 2b, by direct modulation of an internally-generated carrier wave 
-	Potential purposes include:
-	FDMA of D2R, if supported
-	CW interference avoidance, if supported
<unchanged parts omitted>



	Company
	Views

	
	

	
	

	
	

	
	



[bookmark: _Ref166855643][bookmark: _Toc159620324]D2R FEC / repetition 
	
	Agreement RAN1#117
Define repetition types for study purposes as follows:
· [bookmark: _Hlk173486215]Block level: All the bits received from higher layers and/or physical layer (according to what is present) after CRC attachment (if used) are blockwise repeated Rblock times
· Bit level type 1: Each bit after CRC attachment (if used) is repeated Rbit times
· Bit level type 2: Each bit after both CRC attachment (if used) and FEC (if used) is repeated Rbit times
· Chip level: Each chip after line coding (if used) or after square wave modulation (if used) is repeated Rchip times
· NOTE: Equivalent to extending the duration of each chip by Rchip times

Agreement RAN1#117
For D2R, study at least block-level and bit-level repetition type 1 and type 2.

RAN1#118bis
TPs were agreed. Omitted here.



Repetition [ACTIVE]
Round 1
FL observes that companies have submitted more observations under block and bit level repetitions, but some of them seem to introduce a variant or an enhancement to the already defined repetition schemes, and hence have not been captured. Only the performance related observations have been captured in the following TPs.

Proposal 3.4.1(I): For D2R block level repetitions, adopt the TP below in Section 6.1.2.x.3 of TR 38.769:
	[bookmark: _Toc181740528]***unchanged parts omitted***
6.1.2.x.3	Repetition
For definitions of repetition types, see Clause 6.1.0. For D2R, at least block-level and bit-level repetition type 1 and type 2 are studied.
Block-level repetition
***unchanged parts omitted***
Performance comparisons
-	Source [R1-9421-5] state that block level repetition yields ~2.5 dB performance gain compared with bit level type 2 due to the additional time diversity gain for the combination of decoding. 
-	Source [R1-9421-10] state that block level repetition provides ~4dB performance gain @1% BLER compared with bit level type 1.
-	Source [R1-9421-32] state that block level repetition provides ~6dB performance gain @10% BLER compared with no repetitions and the performance between block level repetition and bit level repetition type 2 is the same.
-	Source [R1-9421-8] state that the performance difference between block level repetition and bit level repetition without CW hopping is minor, while block level repetition outperforms bit level repetition with CW hopping.
-	Sources [R1-9421-11] and [R1-9421-32] state that bit level repetition and block level repetition have similar performance in the AWGN channel but block level repetition could achieve more time diversity gain than that of bit level type 2 in a fading channel.
· Source [Xiaomi] state that for the no FEC case, block level repetition provides ~5dB gain at 1% BLER when compared with bit level type 1 repetition.
***unchanged parts omitted***



	Company
	Views / anything missing?

	Vivo
	We provide further analysis for D2R bit-level repetition. Because bit-level repetition is equivalent to Manchester codeword repetitions for option 1 but not for option 2, it leads to different impact on spectrum. We’d like to capture our observation on complication of frequency resource management caused by bit-level repetition in TR. 
 

Source [Vivo] states that Bit-level repetition results in different spectrum, e.g., transmission bandwidth, for different line code and small frequency shift schemes (including no line code), which complicates frequency resource management. 


	Xiaomi
	For Xiaomi’s evaluation result, we add the assumption to make it clear, so we make the revisions with the blue part:
· Source [Xiaomi] state that for the no FEC case, with 3 times repetitions, block level repetition provides ~5dB gain at 1% BLER when compared with bit level type 1 repetition.


	ZTE, Sanechips
	Please add our TP to D2R block level repetition.

	For D2R repetitions, the following observations are captured in TR 38.769:
· It is reported by sources [Huawei], [Nokia], [TCL], [Vivo], [CMCC], [Xiaomi], [CATT], [ZTE], [Samsung] that block level repetitions should be supported.
General observations
· ....
· Source [Vivo], ZTE state that it may require larger buffer than bit level repetition at device side, depending on device implementation. [ZTE] reports an enhanced block-level repetition scheme with no need for device to buffer all coded bits. The enhanced block-level repetition scheme is that n coded bits of the convolutional coding are repeated for each input information bit, n is the number of polynomials.
Performance comparisons
· ....
· Source [ZTE] state that block level repetition provides ~6dB performance gain @10% BLER compared with no repetitions and the performance between block level repetition and bit level repetition type 2 is the same. Moreover, the enhanced block-level repetition scheme has the same performance as block level repetition under the case of TDL-A channel, where n coded bits of the convolutional coding are repeated for each input information bit, n is the number of polynomials,. 




	Huawei, HiSilicon
	We are fine with the update. 
We do not support the inclusion of aspects such as the enhanced block repetition scheme that have not been identified or discussed in previous meetings, and would like to limit the observations to the repetition types that have been agreed.

	
	


Round 2
Based on the comments from companies, the FL updates the proposal to include the Xiaomi’s addition.

For ZTE’s comment on the addition of the enhanced block level repetition, this option was already discussed in the Fukuoka meeting, and was removed during the course of the discussions. Please refer to the 9.4.2.1 FLS v200 compared to v200_offline, where “FEC codeword level” repetition was excluded, and hence never agreed to be studied – see screenshot below. Per this and other agenda items, we won’t capture observations on things not agreed to be studied. FL gave the same reply in Hefei.

[image: ]

Regarding vivo’s proposed text, there is a FL concern in principle, because it implies that multiple line codes and/or multiple small frequency shift methods must be supported, but no such multiplicity has ever been agreed. Also note that we already have agreed different D2R bandwidth diagrams according to line code and SFS method, so the essence of your point is already present in the TR.

With that, the update below is copied to online.

Proposal 3.4.1(II): For D2R block level repetitions, adopt the TP below in Section 6.1.2.x.3 of TR 38.769:
	***unchanged parts omitted***
6.1.2.x.3	Repetition
For definitions of repetition types, see Clause 6.1.0. For D2R, at least block-level and bit-level repetition type 1 and type 2 are studied.
Block-level repetition
***unchanged parts omitted***
Performance comparisons
-	Source [R1-9421-5] state that block level repetition yields ~2.5 dB performance gain compared with bit level type 2 due to the additional time diversity gain for the combination of decoding. 
-	Source [R1-9421-10] state that block level repetition provides ~4dB performance gain @1% BLER compared with bit level type 1.
-	Source [R1-9421-32] state that block level repetition provides ~6dB performance gain @10% BLER compared with no repetitions and the performance between block level repetition and bit level repetition type 2 is the same.
-	Source [R1-9421-8] state that the performance difference between block level repetition and bit level repetition without CW hopping is minor, while block level repetition outperforms bit level repetition with CW hopping.
-	Sources [R1-9421-11] and [R1-9421-32] state that bit level repetition and block level repetition have similar performance in the AWGN channel but block level repetition could achieve more time diversity gain than that of bit level type 2 in a fading channel.
· Source [Xiaomi] state that for the no FEC case, with 3 times repetition, block level repetition provides ~5dB gain at 1% BLER when compared with bit level type 1 repetition.
***unchanged parts omitted***





FEC [ACTIVE]
Round 1
FL observed companies have submitted simulation results to be added in Table 6.1.2.x.1-1 for D2R FEC. The following TP handles the addition of these additional simulation results, shown only for the affected rows of the table.

Proposal 3.4.2(I): For D2R FEC, update Table 6.1.2.x.1-1 of Section 6.1.2.x.1 of TR 38.769 as follows:
	***unchanged parts omitted***
Table 6.1.2.x.1-1: Summary of study on D2R FEC
	Option #
	CC Design
	Pros
	Cons

	Baseline
	Constraint length 7
Code rate 1/3
	[R1-9421-8] Decoding performance is increased by ~3dB@10% BLER, when compared to no CC but with repetitions.

[R1-9421-8] Decoding performance is increased by ~7dB@10% BLER, when compared to no CC or repetitions.

[R1-9421-27] Decoding performance is increased by 6.23dB@10% BLER with 2RX, when compared to no CC or repetitions.

[R1-9421-27] Decoding performance is increased by 6.42dB@10% BLER with 4RX, when compared to no CC or repetitions.

[R1-9421-11] Decoding performance is increased by ~2dB@10% BLER, when compared to LTE CC-TBCC with code rate 1/2.

[R1-9421-16] Decoding performance is increased by ~2.5dB@1% BER, when compared to code rate 1/2.
 
[R1-9421-10] Decoding performance is increased by ~1.5dB@1% BLER, when compared to constraint length 4, code rate 1/3

[R1-9421-10] Decoding performance is increased by ~2.5dB@1% BLER, when compared to constraint length 6, code rate 1/3

[Nokia] Decoding performance is increased by 3 dB@ 10% BLER with 2 RX, when compared to no CC or repetitions
	

	1
	Constraint length 4
Code rate 1/2 – 1/4
	[R1-9421-3] Code rate 1/2:  Detection performance is increased by 3dB@10% BLER, when compared to no CC or line codes.
	[R1-9421-9] Code rate 1/2:  Decoding performance is decreased by ~0.86dB@10% BLER, when compared to constraint length 7, code rate 1/2.

[R1-9421-32] Code rate 1/2: Decoding performance is decreased by ~1dB@10% BLER, when compared to constraint length 7, code rate 1/2.

[R1-9421-32] Code rate 1/4: Decoding performance is decreased by ~1.4dB@10% BLER, when compared to constraint length 7, code rate 1/4.

[CATT] Code rate 1/2, 1/3, TBCC: Decoding performance is decreased by ~1dB@10% BLER, when compared to baseline with TBCC.



***unchanged parts omitted***




	Company
	Sourcing companies can check if this is ok?

	Huawei, HiSilicon
	We are fine with the update.

	FL
	No comments, so copied to online

	
	

	
	



[bookmark: _A-IoT_UL_CRC][bookmark: _Ref159623709]D2R CRC [VOID]
Section 4.1 will take R2D and D2R CRCs together.
[bookmark: _D2R_multiple_access][bookmark: _A-IoT_UL_multiple][bookmark: _Ref159591197][bookmark: _Toc159620325]D2R multiple access [ACTIVE]
	Agreement RAN1#116bis
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.

Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband. Further details, including pros/cons, are FFS.

Whether code-domain multiple access is feasible and necessary for D2R transmissions for all devices is FFS.

Agreement RAN1#118bis
{A set of TPs was agreed. Omitted here}.



Round 1
FL suggests to update the TR text here on the same basis as in RAN1#118bis by capturing what companies report or adjust.
Proposal 3.6(I): Update section 6.1.2.x.1 of the TR on D2R multiple access:
	Company
	Views

	Xiaomi
	We are fine with this proposal.

	ZTE, Sanechips
	Generally okay with the update.

We prefer to keep the original text based on our observations on the comparison of different multiplexing solutions:
Impact of SFO on the performance of CDMA
....
, and the CDMA scheme has 1~2dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers
....
and the CDMA scheme has about 2.5dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers.
....
, and the CDMA scheme has about 9dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers
....



	Huawei, HiSilicon
	Regarding ZTE’s comment, our understanding is that the performance comparison between different candidate techniques can be left to the normative phase, as it requires much more careful checking. For the TR of SI, it is impropriate to capture such comparison between FDMA and CDMA. The principle has already been clarified in the RAN1#118bis meeting, companies should understand the above consideration.

	Ericsson
	We realized that we have the following suggested additional observations from our RAN1#118bis contribution:

SFO and timing offset: Source [Ericsson – R1-2407638] observes that the impacts of offsets seem small enough to support FDMA with smaller guard bands. 

Harmonics and intermodulation: Source [Ericsson – R1-2407638] proposes that methods to mitigate the intermodulation and harmonics effects should be studied in detail later. 

Necessity of CDMA: Source [Ericsson – R1-2407638] states that this is questionable still and should be decided after assessing the latency targets.


	FL
	ZTE: The principle of not including comparison between candidate techniques has already been clarified in the RAN1#118bis meeting, which I understood you helpfully accepted. Doesn’t seem appropriate to change the guidance now.

Ericsson: We did not include those bullets last time, because they are one company proposing to study this or that, or opinions about what is questionable. As we’ve discussed during Monday’s sessions, that level of opinion is not included. 

Hence no change, and copied to online.


	D2R multiple access
6.1.2.x.1	Multiple access schemes
Time-domain multiple access, and frequency domain multiple access at least by using a small frequency shift in baseband are studied. Whether code-domain multiple access is feasible and necessary for all devices is FFS.
Time-domain multiple access is the baseline. Sources [R1-9421-9], [R1-9421-11], [R1-9421-3], [R1-9421-1], [Nokia], state that the benefit of TDMA is the low implementation complexity for both device and reader, while the inventory efficiency may be relatively low for TDMA only, and sources [R1-9421-27], [R1-9421-22], [R1-9421-24], [CATT], [Nokia], [Qualcomm], state that the guard interval, if supported, between consecutive D2R transmissions from different devices depends on the SFO after clock calibration.
According to sources [R1-9421-3], [R1-9421-9], [R1-9421-11], [R1-9421-35], [R1-9421-27], [R1-9421-1], [R1-9421-5], [R1-9421-25], [Nokia], the potential benefit of frequency-domain multiple access is to increase the transmission efficiency and reduce collisions, while the cons include more complicated frequency resource management and reception processing at reader according to source [R1-9421-9], and potentially increased power consumption for devices according to sources [R1-9421-11], [R1-9421-17], [R1-9421-12], [Nokia]. It is observed that the performance of FDMA may be impacted by the following aspects.
-	Large SFO of device
-	Sources [R1-9421-28], [R1-9421-32] state that large SFO (e.g. up to 105 ppm) produces higher BLER degradation due to inter-device interference than a smaller (e.g. up to 104 ppm) or the ideal case of zero SFO. Source [Qualcomm] states that under the case of the large SFO (e.g. up to 105 ppm), two among four devices using small frequency shifts have BLER floor and cannot achieve BLER 1%. Source [R1-9421-32] state that under the case of the large SFO (e.g. up to 105 ppm), two FDMA-ed devices induce about 0.6~1dB performance loss compared to single device.
-	Source [R1-9421-5] state that the large SFO (e.g. up to 105 ppm) has little impact (e.g., ≤1dB) on the performance of FDMA between multiple devices.
-	Sources [R1-9421-8] think that sufficient gap between D2R transmissions should be reserved to accommodate frequency error caused by SFO/CFO
-	Sources [R1-9421-17] think that the required guard band size increases for higher switching frequencies for passive devices.
-    Source [CMCC] observed that the performance gap among 10% SFO and 1% SFO (residual) is similar compared FDMA with no FDMA, e.g., about 0.5dB @ 10% BLER, i.e., the performance gap among 10% SFO and 1% SFO (residual) is irrelevant to whether FDMA scheme is used or not.
-    Source [Huawei] state that large SFO (e.g. up to 105 ppm) has little impact on the link performance of FDMA, as it is observed that the performance gap between 10% and 1% SFO is negligible in the case of FDMA among 4 devices.
-	Timing offset between devices
-	Sources [R1-9421-25] state that timing offset results in a degradation of up to ~4 dB and the loss varies for different devices depending on the level of experienced interference
-	Maximum range of small frequency shift
-	Sources [R1-9421-24] think that the frequency gap among devices will impact the interference, which is highly depends on the small frequency shift capability, i.e., how large the frequency shift can be via small frequency shift.
-	Harmonics in the backscattered signal
-	Sources [R1-9421-8] state that FDMA is feasible by proper frequency resource allocation not using odd harmonic frequency of FDMed D2R transmissions.
-	Potential intermodulation spectral leakage in the backscattered signal
-	Frequency resource collision
-	Source [Sony] thinks that if the guard band size between D2R transmissions is fixed, allocating passive devices with large SFO to frequency shifts closer to the A-IoT carrier frequency and either (1) passive devices with smaller SFO or (2) active devices to frequency shifts further from the A-IoT carrier frequency reduces frequency resource collision.
-	Number of multiplexed devices
-	Source [R1-9421-32] reports that performance loss increases with the increase of device number. Besides, for FDMA detection at reader side, there is about 1.5 - 3dB performance loss from 6 FDMA-ed devices compared to single device.
-	Source [Sony] thinks that the potential number of multiplexed devices depends in the maximum rate of frequency switching.
-	Source [Sony] thinks that if the guard band size depends on the SFO capability of the device, the number of multiplexed devices can be increased if passive devices with large SFO are allocated frequency shifts closer to the A-IoT carrier frequency and passive / active devices with smaller SFO are allocated frequency shifts further from the A-IoT carrier frequency.
According to sources [R1-9421-11], [IIT], [R1-9421-12], [R1-9421-32], [Nokia], CDMA can improve the resource utilization efficiency without increasing the device complexity significantly. Sources [R1-9421-27] thinks CDMA would help the multiplexing among readers and it can alleviate the cross-link interference. Source [R1-9421-12] thinks CDMA is also beneficial for the latency reduction and success rate improvement of access procedure. Source [CATT] thinks that the CDMA scheme is mostly used for the signals without carrying information. However, sources [R1-9421-18], [R1-9421-26], [R1-9421-3], [R1-9421-1], [R1-9421-5], [R1-9421-6], [R1-9421-8], [Nokia] show concerns on the necessity and feasibility of CDMA, especially considering the limited capability (e.g., large SFO/CFO) of Ambient IoT devices and the cost (additional memories to store a set of codewords at device) versus benefits. In detail, the observations are as follows. 
Impact of SFO on the performance of CDMA
In the case of large SFO (e.g., 105 ppm):
-	Source [R1-9421-6] think that the orthogonality between different codes/sequences will be severely disrupted, as the large SFO will accumulate an additional sampling error of 10 points of 100 points.
-	Source [R1-9421-8] think that the increased inter-device interference would materially degrade D2R performance, e.g., increased false alarm rate and miss detection probability, which in turn reduce spectrum efficiency even lower than the case of simple TDMA. 
-	Source [R1-9421-1] think that the accurate timing and power control required by CDMA are far-fetched for Ambient IoT devices, referring to the IS-95 CDMA system.
-	Source [R1-9421-32] state that CDM-ed MA has comparable or better performance than FDM-ed MA under different SFO assumptions (i.e., 0/1E3~1E4/1E4~1E5) and device numbers (i.e., 1/2/3). Source [R1-9421-32] state that CDMA by mapping Manchester encoded bit or convolutional encoded bit with 4-length orthogonal code is feasible for D2R transmission carrying 20 information bits. 
· Source [ZTE] state that convolutional codes and BPSK modulation for the CDMA improve the D2R transmission performance with multiple multiplexing devices. Source [ZTE] state that for D2R transmission with TBS16+CRC0, the performance difference between the CDMA scheme using 4-length orthogonal code for 4 devices and the repetition scheme for single device at 1%BLER is less than 0.5dB, and the CDMA scheme has 1~2dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers. While for D2R transmission with TBS96+CRC16, the performance difference between the CDMA scheme with 4-length orthogonal code for 4 devices and the repetition scheme for single device at 1%BLER is also less than 0.5dB, and the CDMA scheme has 1~2.5dB SNR gain at 10%BLER compared with FDMA scheme at the same multiplexing device numbers.
-	Source [Qualcomm R1-9421-28] state that CDMA for msg-1 enables multiplexing large number of msg-1 sequences even when power variation is [-9dB, +9dB], while quite large number of SFO hypotheses is necessary at reader to achieve reasonable false-alarm and miss detection probabilities with the SFO of [0.1 – 1] * 105 ppm.
-	Source [R1-9421-5] state that correlation properties of sequences are severely damaged with the SFO of 105 ppm. Besides, D2R receiver fails to estimate the SFO of each of the parallel D2R transmissions for the SFO of 105 ppm.
-	Source [R1-9421-12] state that CDM of RACH preambles using either m-sequences or Gold sequences of length 63 is feasible and preambles from multiple devices can be clearly detected by the reader, even in challenging conditions (SFO = 5%, SNR = 0dB). For 1% missed-detection rate, simulation results showed that m-sequences and Gold sequences are able to achieve this performance level when SNR is about -24dB and -23dB, respectively.
In the case of relatively smaller SFO (e.g., 104 ppm), 
· Source [Qualcomm R1-9421-28] state that CDMA for msg-1 enables multiplexing large number of msg-1 sequences even when power variation is [-12dB, +12dB] when power variation is within [-3, +3] dB for the SFO of [0.1 – 1] * 104 ppm with reasonable number of SFO hypotheses at reader. 
Impact of CFO on the performance of CDMA for Device 2b
-	Source [R1-9421-5] state that codeword detection at D2R receiver fails considering non-coherent demodulation has to be used due to the quick phase rotation caused by the residual CFO of e.g. 10s or 100s of Hz after CFO estimation and correction.
Impact of timing offset between CDMed D2R transmissions on the performance of CDMA for Device 2b
-	Source [R1-9421-31] state that binary modulated orthogonal sequence such as Golay sequence can tolerate timing error by selecting a suitable cyclic shift spacing.
-	Source [R1-9421-12] state that it is possible to detect multiple transmitters with timing difference and power difference among devices.
-	Source [R1-9421-24] think that poor synchronization performance in time and frequency domain of device would degrade the code orthogonality and thus results in a bad cross-correlation performance.
-	Source [R1-9421-21] think that the different propagation delays from devices may also degrades decoding performance.
-	Source [R1-9421-32] state that the negative impact of asynchronization can be mitigated with some enhancements, e.g. enhanced synchronization sequence and enhanced detection method at reader/BS side, e.g., sliding window based detection and setting constraints on the start of D2R transmission.
The impact of power variation between devices on the performance of CDMA is studied as follows.
-	Source [Qualcomm R1-9421-28] state that the larger power variation of at least up to [-9dB, +9dB] can be addressed by reader receiver and CDMA can achieve significant throughput gain for msg-1 severely degrades the capacity of CDMA for msg-1.
-	Source [R1-9421-32] state that the greater the disparity in received power among multiple devices, the better performance will be obtained by SIC receiver with CDM-based multiple access scheme.
Except the impact of SFO/CFO of devices, whether CDMA provides benefit is also studied as depending on the length of the orthogonal or pseudo-orthogonal code and the number of available codes for parallel D2R transmissions:
-	Source [R1-9421-3] think that using spreading sequence can lead to transmitting a larger number of bits which can be extremely inefficient considering that the devices are extremely power inefficient. 
-	Source [R1-9421-3] think that CDMA might be too complex to implement in A-IoT devices, which might involve complexities with generating orthogonal sequences.
-	Source [R1-9421-24] think that a large device density (e.g., 150 devices per 100 m2 for indoor scenarios per TR) requires a long code sequence, which is challenging for the device with limited buffer size.
-	Source [R1-9421-2] think that CDMA leads to higher power consumption and lower data rate.
-	Source [R1-9421-8] think that the usable number of binary sequences would be much smaller due to impairment such as timing/frequency error and interference.
-	Source [R1-9421-12] state that in comparison to RN16, when Msg. 1 is transmitted using RACH preamble m-sequences or Gold sequences, the number of usable binary sequences that can be used is large since the base sequence design from LTE and NR can be reused.
-	Source [R1-9421-12] state RN16 cannot tolerate collision for any one of its bits. Once collided, the bit sequence is changed and became non-detectable. On the other hand, m-sequences and Gold sequences are able to tolerate transmission overlap.
-	Source [R1-9421-32] state that CDMA by mapping Manchester encoded bit or convolutional encoded bit with 16-length or 64-length orthogonal code improve the D2R transmission performance and multiplexing capacity compared with using 4-length orthogonal code for mapping. Source [ZTE] state that for D2R transmission with TBS16+CRC0 under the assumption of SFO being 1E4~1E5, the performance difference between the CDMA scheme with 64-length orthogonal code for 4 devices and the repetition scheme for single device at 1%BLER is about 1dB, and the CDMA scheme has about 2.5dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers.
-	Source [R1-9421-32] state that BPSK modulation and convolutional code for the CDMA further improve the D2R transmission performance with multiple multiplexing devices and multiplexing capacity compared with OOK based modulation. Source [ZTE] state that for D2R transmission with TBS16+CRC0 under the assumption of SFO being 1E4~1E5 and using convolutional codes and BPSK modulation, the performance difference between the CDMA scheme using 16-length or 64-length orthogonal code for 6 devices and the repetition scheme for single device at 1%BLER is less than 1dB, and the CDMA scheme has about 9dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers.



[bookmark: _D2R_numerology_[INACTIVE]][bookmark: _A-IoT_UL_numerology][bookmark: _Toc159620326][bookmark: _Ref167049241]D2R time-domain definitions [ACTIVE]

	Agreement RAN1#118bis
In D2R, a chip corresponds to one modulated symbol at least for OOK and BPSK.
· FFS: the definition for MSK.


Round 1
[bookmark: _Hlk174540319][bookmark: _Toc159620329]For the FFS on the chip-to-symbol definition for MSK, FL finds only one company makes a proposal [26]. However, that definition (“the chip duration for MSK can be defined as one modulated symbol for bit 0”) seems to be difficult since it does not itself define a modulated symbol, and rests on particular assumptions of MSK symbols. Since MSK is FSK, the definition evidently depends on normative-style details of how to define the underlying FSK. Since no other companies have raised the issue for the SI, FL proposes to treat the FFS as to be resolved when/if specifying MSK for A-IoT.
Proposed conclusion 3.7.1a(I): No further discussion is needed in the SI for the FFS on “the definition for MSK” from RAN1#118bis.
	Company
	Views

	TCL
	Support

	Xiaomi
	We support this proposal.

	ETRI
	OK

	Futurewei
	Support 

	Huawei, HiSilicon
	Support

	LGE
	Okay

	Ericsson
	The proposed conclusion could perhaps be updated to clarify that this concerns D2R chip duration.

	FL
	No disagreeing comments, so will copy to online with the following contextualization per Ericsson’s useful point:

Proposed conclusion 3.7.1a(I): No further discussion is needed in the SI for the FFS on “the definition of D2R chip duration for MSK” from RAN1#118bis.



In RAN1#118bis, we discussed whether to include in the TR definitions of D2R chip duration. Based on the tdocs submitted to RAN1#119 and the discussions during RAN1#118bis, the proposals and observations on chip duration calculations are summarized as follows.
FL requests final views on whether to have something of this in the TR. If it is not agreeable, we can leave it to result from normative phase decisions. This would turn out to be a similar outcome as proposed for R2D.
Proposal 3.7.1b(I): Capture in the TR that the following chip duration calculations have been studied:
· Method 1: Calculated according to the transmission bandwidth, and depending on the line code repetition number. [CMCC][FUTUREWEI][Spreadtrum][vivo][ZTE]
· E.g., 2/(R*Btx,D2R)  and  1/( R*Btx,D2R) for 2SB and 1SB transmission, respectively [Ericsson][Xiaomi]
· E.g., D2R chip duration is calculated for 2SB transmission as follows [Huawei]
· For Manchester code option 1 or no D2R line code used (using a square wave to the SFS), chip duration = 2/ (R*Btx,D2R) where R ≥ 1
· For Manchester code option 2 or Miller code, chip duration = 2/ (Btx,D2R) for R = 1, chip duration = 4/(R*Btx,D2R),  for R > 1
· Method 2: One of a pre-defined set of pulse time durations. [Lenovo][vivo] 
· E.g., D2R chip duration is an integer multiple (or fraction) of R2D chip duration, where a reference SCS (e.g. the R2D SCS) is used as the basis for the value of D2R chip duration. [Sharp]
· E.g., D2R chip length is calculated from bit length, which can be one from a set of pre-defined values [LGE] [Qualcomm][FUTUREWEI]

	Company
	Views?

	TCL
	One revision, thanks
· Method 1: Calculated according to the transmission bandwidth, and depending on the line code repetition number. [CMCC][FUTUREWEI][Spreadtrum][vivo][ZTE][TCL]

	vivo
	We still have concern on defining chip duration based on bandwidth.  
We prefer to leave it to result from normative phase decisions. 


	Xiaomi
	We support this proposal.

	ZTE, Sanechips
	In our views, for a given R value, the chip duration of both option 1 and option 2 is same. The difference is the Btx,D2R for Manchester code option 1 and option 2/Miller code. And the Btx,D2R is defined per solution, the chip durations of all the Manchester code option 1 and option 2/Miller code are 2/(R*Btx,D2R) for 2SB.

We suggest the following modifications on Proposal 3.7.1b(I). 
Proposal 3.7.1b(I): Capture in the TR that the following chip duration calculations have been studied:
· Method 1: Calculated according to the transmission bandwidth, and depending on the small-frequency-shift factor (R) which is defined as the ratio of bit length to two times the chip length the line code repetition number. [CMCC][FUTUREWEI][Spreadtrum][vivo][ZTE]
· E.g., 2/(R*Btx,D2R)  and  1/( R*Btx,D2R) for 2SB and 1SB transmission, respectively [Ericsson][Xiaomi]
· E.g., D2R chip duration is calculated for 2SB transmission as follows [Huawei]
· For Manchester code option 1 or no D2R line code used (using a square wave to the SFS), chip duration = 2/ (R*Btx,D2R) where R ≥ 1
· For Manchester code option 2 or Miller code, chip duration = 2/ (Btx,D2R) for R = 1, chip duration = 4/(R*Btx,D2R),  for R > 1


	Qualcomm
	We think chip duration is already clarified at least for Manchester option 1 according to following in TR38.769 6.1.2.x.1; the chip length = Tb / (2R).

Option 1: Each Manchester codeword is repeated by a codeword repetition number R, within the same time duration Tb corresponding to an information bit, where R = Tb/(2 × chip length), such that the amount of small frequency shift in Hz is R/Tb = 1/(2 × chip length).

For Manchester Option 2 and no line coding case, the chip length is clarified as same as above if Proposal 3.3.2b(I) and Proposal 3.3.2c(I) are agreed. 

From the above, we think the method 1 in Proposal 3.7.1b(I) is to define the relation between Btx,D2R and Tb, not the chip duration.



	Samsung
	At least for the small frequency case, we also think the relationship between bandwidth and chip duration needs further discussion and can be left to next phase discussion.

	Huawei, HiSilicon
	We support the proposal.

Regarding ZTE’s comment, it is clear that the transmission bandwidth is different between the case with and without small frequency shift for Manchester Option 2 and Miller code. On this basis, the relationship between the D2R chip duration and transmission bandwidth is also different between the two cases.

Regarding Qualcomm’s comment, the relationship between D2R chip duration and bit duration has been included in the TR. On this basis, the relationship between D2R transmission bandwidth and either chip or bit duration can be further clarified.

	DOCOMO
	We provided our views in our tdoc and at least Method 2 should be considered. One clarification question is whether Method 1 and Method 2 are mutually exclusive. In our understanding, the combination of Method 1and Method 2 can be considered, i.e., device calculates according to the transmission bandwidth, and depending on the line code repetition number, and results in the chip duration which can be one of a pre-defined set of pulse time durations.

	FL
	Given the views that this can be taken up as a normative-level decision, FL will not further pursue this proposal. Thanks for the discussion.



D2R bandwidths [ACTIVE]
	Agreement
The following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R: The frequency resources scheduled by a reader for a D2R transmission from one device.
· FFS in agenda 9.4.2.3: how frequency resources scheduled by a reader are determined
· Occupied bandwidth, Bocc,D2R: The transmission bandwidth plus the potential associated intra A-IoT guard-bands totalling Bguard,D2R
· Note: this guard band is not for coexistence with NR/LTE
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is up to RAN4.
· Bocc,D2R >= Btx,D2R
· Possible values of each bandwidth are FFS

RAN1#118bis
{A TP was agreed, which is omitted here.}



[bookmark: _Bandwidth_sizes]Bandwidth sizes
Paper [28] says device 2b could potentially have different D2R bandwidth characteristics, if it does not use line codes in the way that devices 1/2a do, e.g. it may instead use ‘direct modulation of the internally generated carrier wave’. However, the generation methods for device 2b seem to be left as a normative detail not discussed in detail in any paper. Hence, FL considers capturing the statements in the TR at the same level of detail they are proposed.

Proposal 3.8.1(I): Capture in the TR:
· “Since device 2b has internal carrier-wave generation, the 2SB and/or 1SB Btx,D2R and Bocc,D2R can be affected by how it performs D2R modulation/line-coding, and whether it applies small frequency shift in the same way as devices 1/2a.” 

	Company
	Views?

	TCL
	Agree with this proposal. In RAN 1 #118, 9412 has one conclusion about device 2b’s Tx architecture,

Following blocks could be used as an alternative tx architecture in device architecture diagrams.
· Device 2b with OOK
· Baseband information bits control the switch between LO and output.
· [Matching network may or may not exist.]
· Device 2b with BPSK
· Baseband information bits select a phase of differential carrier frequency signal.
· Device 2b with BFSK
· Baseband input signal directly controls the choice of carrier frequency f1 and f2 generated from LO.


It can be discovered that impedance switching may exist in OOK/BPSK. In our understanding, there is no special specification impacts for device 2b to generate D2R signal if impedance switching is used, and same way as device 1/2a can be considered.


	vivo
	In our view, what we agreed for device 1/2a can be applied to device 2b, though we can understand there may be different way by device 2b.

	Xiaomi
	Whether small frequency shift is relative to the frequency of internal carrier-wave generated by device, we think it is better to clarify this to make it clear.

	Qualcomm
	Agree with the intention of the proposal. The proposal can be updated based on the progress on Proposal 3.1(I). 

	Huawei, HiSilicon
	Agree with the proposal.

In our view, the details of small frequency shift are the work of normative phase. As the detailed bandwidth size of D2R transmission depends on the design of small frequency shift, the clarification in the proposal is sufficient for Device 2b.

	DOCOMO
	This proposal can be discussed based on the progress on Proposal 3.1(I).

	Ericsson
	Support

	FL
	Proposal seems to be acceptable – and FL understands that Qualcomm/DOCOMO reference to Proposal 3.1(I) will now have been clarified in round 2. Hence this proposal is copied to online.


[bookmark: _Ref167006624]R2D and D2R
[bookmark: _CRC]CRC [ACTIVE]
	Agreement RAN1#116
R2D study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

	Agreement RAN1#116
D2R study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target



	Agreement RAN1#116bis
Study
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PRDCH
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PDRCH
· FFS: details when different CRC lengths or no CRC may be used
· FFS: other 6 bits and 16 bits CRC with different polynomials than from TS 38.212

Agreement RAN1#118bis
A TP was agreed. Omitted here.




Round 1
For the value of a threshold on selecting CRC-6 or CRC-16 depending on the TBS, companies seem to be converging on a single value of X=24, but FL thinks this can now be left to normative details, since it could depend on what CRC(s) selected.

Companies provided an updated preference of the polynomial used for CRC-16, as well as updated results for the CRC evaluations table 6.1.0.2-1. The following proposals 4.1(a) and 4.1(b) cover both these additions.

Proposal 4.1a(I): For CRC, adopt the TP below in Section 6.1.1.x.1 of TR 38.769:
	[bookmark: _Toc181740508]6.1.0.2	CRC
***unchanged parts omitted***
For the CRC generator polynomials:
	Sources [R1-9421-7], [R1-9421-12], [R1-9421-10], [R1-9421-11], [R1-9421-21] recommend that the same polynomials from TS 38.212 are reused, giving justifications:
-	Sources [R1-9421-11], [R1-9421-12] state that the polynomials from TS 38.212 were already carefully and thoroughly evaluated and ensured in the NR channel coding design, so there is no need of considering other polynomials.
-	Source [R1-9421-10] states that the device complexity is increased when different polynomials are introduced for the D2R transmission.
-	Source [R1-9421-7] states that link performance is significantly impacted by the CRC lengths, and not the CRC polynomials, hence the polynomials from TS 38.212 should be used.
	On the other hand, sources [R1-9421-32], [R1-9421-28], [TCL] and [Panasonic] recommend that the same polynomial for CRC-6 from TS 38.212 is reused, but a new polynomial for CRC-16 is introduced, , incorporating the CRC-6 polynomial, giving justifications:
***unchanged parts omitted***



	Company
	Sourcing companies can check if this is ok?

	Huawei, HiSilicon
	We are fine with the update.

	FL
	Copied to online.

	
	

	
	



Proposal 4.1b(I): For CRC, adopt the TP below in Table 6.1.0.2-1 of Section 6.1.1.x.1 of TR 38.769:
	***unchanged parts omitted***
Table 6.1.0.2-1: CRC evaluations
	
	CRC-6
	CRC-16

	TBS
	Source
	CRC overhead
	PFA or Pud
	Source
	CRC overhead
	PFA or Pud

	8 bits
	[R1-9421-5]
	43% 
	~10^(-8) Pud @10-3 BER
	[R1-9421-5]
	67% 
	~10^(-11) Pud @10-3 BER

	12 bits
	[R1-9421-3]
[R1-9421-28]
	33% 
33%
	~10^(-2) PFA
~10^(-8) Pud @10-3 BER
	[R1-9421-3]
[R1-9421-28]
	57% 
57%
	~10^(-5) PFA
~10^(-11) Pud @10-3 BLER

	16 bits
	[R1-9421-5]
	27% 
	
	[R1-9421-5]
	50% 
	

	
	[R1-9421-32]
[R1-9421-28]
	27%
27%
	
~10^(-7) Pud @10-3 BER
	[R1-9421-32]
[R1-9421-28]
	50%
50% 
	
~10^(-10) Pud @10-3 BER

	24 bits
	[R1-9421-5]

	20% 

	~10^(-6) Pud @ 10% BLER and 2.7dB SNR
	[R1-9421-5]

	40% 

	~10^(-9) Pud @10% BLER and 2.8dB SNR

	
	[R1-9421-3]
[R1-9421-32]
[R1-9421-28]
	20% 
20%
20%
	~10^(-2) PFA

~10^(-7) Pud @10-3 BER
	[R1-9421-3]
[R1-9421-28]
	40% 
40%
	~10^(-5) PFA
~10^(-10) Pud @10-3 BLER

	32 bits
	[R1-9421-5]
[R1-9421-32]
[R1-9421-28]
	16% 
16%
16%
	

~10^(-5) Pud @10-3 BLER
	[R1-9421-5]
[R1-9421-32]
[R1-9421-28]
	33% 
33%
33% 
	

~10^(-10) Pud @10-3 BLER

	40 bits
	[R1-9421-5]
[R1-9421-32]
[R1-9421-28]
	13% 
13%
13%
	
~10^(-5) PFA @10% BLER
~10^(-4) Pud @10-3 BLER 
	[R1-9421-5]
[R1-9421-32]
[R1-9421-28]
	29% 
29%
29%
	

~10^(-10) Pud @10-3 BLER

	48 bits
	[R1-9421-3]
[R1-9421-32]
[R1-9421-28]
	11% 
11%
11%
	~10^(-2) PFA
~10^(-5) PFA @10% BLER
~10^(-4) Pud @10-3 BLER 
	[R1-9421-3]
[R1-9421-32]
[R1-9421-28]
	25% 
25%
25%
	~10^(-5) PFA

~10^(-10) Pud @10-3 BLER

	96 bits
	[R1-9421-5]
[R1-9421-3]
[R1-9421-32]
[R1-9421-28]
	6% 
5% 
6%
6% 
	
~10^(-2) PFA

~10^(-4) Pud @10-3 BLER
	[R1-9421-5]
[R1-9421-3]
[R1-9421-32]
[R1-9421-28]
	14% 
14% 
14%
14%
	
~10^(-5) PFA

~10^(-9) Pud @10-3 BLER

	128 bits
	[R1-9421-32]
[R1-9421-28]
	4% 
4%
	
~10^(-3) Pud @10-3 BLER
	[R1-9421-32]
[R1-9421-28]
	11%
11%
	
~10^(-9) Pud @10-3 BLER

	256 bits
	[R1-9421-5]
[R1-9421-28]
	2%
2% 
	
~10^(-3) Pud @10-3 BLER
	[R1-9421-5]
[R1-9421-28]
	6%
6% 
	
~10^(-9) Pud @10-3 BLER


***unchanged parts omitted***



	Company
	Sourcing companies can check if this is ok?

	Qualcomm
	Thanks, the update is ok. 

One minor comment – the updates we have provided are in our RAN1#119 contribution, not in [R1-9421-28]. We wonder whether [R1-9421-28] should be replaced by another number, which indicates referencing RAN1#119 contribution.


	Huawei, HiSilicon
	We are fine with the update.

	FL
	Will replace with your 119 paper (don’t worry about the temporary token name).

	
	

	
	



[bookmark: _Proposals_for_online_1][bookmark: _Toc159620330][bookmark: _Ref159620214]Proposals for online sessions

Proposal 2.1.1(II): Capture the following TP update into TR 38.769

	…(unchanged parts omitted)…
For Alt M1-1, the potential impacts are discussed as follows:
-	Some sources [R1-9421-1], [R1-9421-5], [R1-9421-6], [R1-9421-8], [R1-9421-25], [R1-9421-28] report that CP handling of Alt M1-1 can be used for both small and large M values for OOK-4, while [R1-9421-8] reports that for large M values Alt M1-1 is used in combination with Alt M1-2. 
-	Some sources [R1-9421-3], [R1-9421-32] report that CP handling of Alt M1-1 is challenging to be used for large M values for OOK-4 considering large SFO and [R1-9421-8], [R1-9421-18] report that CP handling of Alt M1-1 may not completely remove CP samples due SFO impact.
-	Among of them, [R1-9421-5] show that the performance loss of PRDCH carrying 20 bits due CP handling is negligible at 10% BLER even for large M values (e.g. M=24) under large SFO (e.g. 104-105 ppm). Sources [R1-9421-8], [R1-9421-32] show some performance loss due CP handling for both small (M=4) and large M values (M=24) under large SFO (e.g. 104-105 ppm ) while [R1-9421-32] shows [1~2 dB] loss compare to no CP case for M<24, and an error floor at BLER=10% for M=24.
-	Some sources [R1-9421-9], [R1-9421-18] report that the device needs additional complexity to handle CP, while other sources [R1-9421-5], [R1-9421-25] reports that it is feasible in terms of implementation complexity based on transition edge detection.
-	One source [CATT] report that the device might remove the wrong portion of the CP part of the OFDM symbol due to timing error, which could introduce the false rising/falling edge for the subsequent OOK demodulation.
For Alt M1-2, the potential impacts are discussed as follows:
-	Some sources [R1-9421-1], [R1-9421-4], [R1-9421-9], [R1-9421-3], [R1-9421-5], [R1-9421-6], [R1-9421-8], [R1-9421-32], [R1-9421-18], [R1-9421-25], [R1-9421-27], [CATT] report that CP handling of Alt M1-2 cannot be used for large M values, e.g. M>8, while [R1-9421-8] reports that for large M values Alt M1-2 is used in combination with Alt M1-1.
-	One source [R1-9421-22] report that CP handling of Alt M1-2 can be used for both small and large M values (e.g. M>8) if with the knowledge of OFDM symbol boundaries.
-	Among of them, [R1-9421-8] show that the performance of Alt M1-2 is not applicable for large M values (e.g. M=24) under large SFO (e.g. 104 ppm).
For Method Type 2, two approaches regarding subcarrier orthogonality are studied:
Alt M2-1: Method Type 2 retains subcarrier orthogonality, i.e. CP is copied from the end of an OFDM symbol.
Alt M2-1-1: The first OOK chip(s) and the last OOK chip(s) in an OFDM symbol are the same.
Alt M2-1-2: Ensure a transition edge occurs only at the start or only at the end of the CP, and no transition edge occurs during the CP.
Alt M2-2: Method Type 2 does not retain subcarrier orthogonality.
For Method Type 2, depending on the design, the chip duration generation of OOK-4 for M-chip per OFDM symbol transmission could possibly be determined by:
-	M, and the length of OFDM symbol with CP
-	M, and the length of OFDM symbol without CP
-	Depending on detailed solutions, chip duration may or may not be constant. 
-	One Some sources [R1-9421-28][Huawei] report that non-constant OOK chip duration may impact performance, while some other source [R1-9421-32] report that non-constant OOK chip duration does not impact performance.
For Alt M2-1, the potential impacts are discussed as follows,
-	Some sources [R1-9421-5], [R1-9421-9], [R1-9421-8], [R1-9421-33], [R1-9421-21], [R1-9421-11], [R1-9421-18], [R1-9421-3], [Sony] report that CP handling of Alt M2-1 cannot be used for large M values (e.g. M>8). Source [Ericsson] report that for M>8, the CP size becomes comparable to that of the normal OOK chip, and hence it would be challenging to identify the invalid transition caused by CP. Sources [CATT] report that if chip duration is comparable to CP duration, CP could not be identified as the invalid chip by the A-IoT device, e.g., M>8.
-	Some sources [R1-9421-1], [R1-9421-6], [R1-9421-28], [R1-9421-32] report that CP handling of Alt M2-1 can be used for both small and large M values.
-	Among of them, some sources [R1-9421-6], [R1-9421-32] show the performance of Alt M2-1 for small (M=4) and large M values (M=24) under large SFO (e.g. 105 ppm).
-	Some sources [R1-9421-28], [R1-9421-9], [R1-9421-32] report that CP handling of Alt M2-1 may result in non-constant OOK chip duration around CP. Source [Huawei] report that due non-constant OOK chip duration around CP, Alt M2-1 has ~1dB worse performance than Alt M1-1 at BLER 10% and BLER 1% when it used for small M value (e.g., M = 6).
-	Some sources [R1-9421-3], [R1-9421-5], [R1-9421-11], [R1-9421-32], [R1-9421-22], [R1-9421-4], [R1-9421-27] report that CP handling of Alt M2-1-1 would increase the overhead and reduce spectral efficiency.
-	Some sources [R1-9421-25], [R1-9421-1], [R1-9421-9] report that CP handling of Alt M2-1-1 may not be completely transparent to the device thus add additional complexity.
-	Source [CATT] report that if chip duration is significantly different from CP length, M2-1-2 would be complicated to be used for removing false transition edge occurring at the end of the CP. And M2-1-2 would require high complexity of A-IoT device implementation if it is used for the R2D preamble.
For Alt M2-2, the solutions and potential impacts are discussed as follows,
-	[R1-9421-8], [R1-9421-12], [R1-9421-11], [R1-9421-21], [Panasonic] report solutions for Alt M2-2 (e.g. CP is copied from the start of OFDM symbol or do not insert CP to OFDM symbol). 
-	[R1-9421-3], [R1-9421-5], [R1-9421-6], [R1-9421-10], [R1-9421-32], [R1-9421-25], [R1-9421-28], [R1-9421-4], [R1-9421-9], [R1-9421-22], [R1-9421-27] report that CP handling of Alt M2-2 would cause interference to NR, while [R1-9421-8] reports single PRB guard band would be sufficient to handle interference. [Panasonic] reports the guard band would anyway be needed when SCS is different between R2D and other NR signal.
-	Sources [R1-9421-5], [R1-9421-25], [R1-9421-28], [R1-9421-31], [R1-9421-9], [R1-9421-22], [R1-9421-27] report that CP handling of Alt M2-2 would increase the transmitter complexity.
…(unchanged parts omitted)…



Proposal 2.2.1(I): Capture the following TP update into TR 38.769

	…(unchanged parts omitted)…
Table 6.1.1.x-1 is a starting point for study of M values and the associated minimum Btx,R2D value. The reader can use any transmission bandwidth greater than or equal to the minimum Btx,R2D value.
Note:	Depending on further study, the maximum value of M may be less than 32.
Note:	The performance can be better when transmission bandwidth greater than the minimum Btx,R2D, depending on device processing and transmit power constraint.
Table 6.1.1.x-1: Starting point for M values and the associated minimum Btx,R2D value
	M
	Minimum Btx,R2D # of PRBs

	1
	1

	2
	1

	4
	1

	6
	1

	8
	2

	12
	2

	16
	2

	24
	23

	32
	34



…(unchanged parts omitted)…



Proposal 2.4.1a(II): For R2D FEC, adopt the TP below in Section 6.1.1.x.1 of TR 38.769:
	***unchanged parts omitted***
6.1.1.x.1	Channel coding and CRC
PRDCH without FEC is studied as the baseline, with evaluations performed by comparison to this baseline. The study assumes PRDCH can attach a CRC, where the baseline design is using a 6-bit or 16-bit CRC with polynomials as per TS 38.212 [R1-3]. A baseline of no CRC attachment is also included. For the study of CRC designs, see Clause 6.1.0.2.
Sources [Huawei], [TCL], [Vivo], [ZTE], [Samsung], [Futurewei] and [Apple] provide justifications for not having R2D FEC beyond the baseline, with the following observations:
· Sources [Huawei], [ZTE] , [Futurewei], [Xiaomi] and [Fujitsu] state that FEC decoders require complicated arithmetic or logical operations which are too complicated to be implemented in device 1.
· Sources [ZTE] and [Samsung] state that it would be difficult for a device to implement a FEC decoder due to its low power consumption.
· Source [Huawei] and [Fujitsu] state that FEC decoder procedures such as the de-interleaving operation or route metric caching require volatile memory of a certain size with a certain reading/writing throughput, which cannot be supported by device 1.
· They also mention that the received signal power at the device can be relatively high (e.g., >-60 dBm), making the receiver sensitivity not the bottleneck of the link budget for target coverage, even for device 2b, thus questioning the necessity of R2D FEC.
Sources [Ericsson] and [Qualcomm] provide the following justifications for using FEC in R2D for device 2b:
· Source [Ericsson] claims that CC with small constraint lengths (e.g., 3 or less) offer a substantial performance gain over uncoded transmission, especially in a fading environment, with reasonable complexity. CC with explicit tail-biting transmission to aid decoding may be suitable for R2D.
· Source [QC] claim that even simple block code (e.g., Golay, RM) with hard decisions can significantly reduce the required SNR for achieving a target BLER e.g., 1%. 
***unchanged parts omitted***




Proposal 2.4.1b(II): For R2D repetitions, adopt the TP below in Section 6.1.1.x.2 of TR 38.769:
	***unchanged parts omitted***
6.1.1.x.2	Repetition
Regarding R2D repetitions, it is reported by sources [R1-9421-11] (only for R2D control, if supported), [R1-9421-12], [R1-9421-32], [R1-9421-13], [R1-9421-21], [R1-9421-19], [R1-9421-28] and [R1-9421-30] that R2D repetitions should be supported. The following are observations regarding the different types of repetition that should be supported.
… …
***unchanged parts omitted***
On the other hand, it is reported by sources [Nokia], [Ericsson], [Huawei], [CMCC],] and [Vivo] that R2D repetitions should not be supported, giving justifications:
· Source [Nokia] mention that the transmission power of a R2D transmission is typically much greater than its corresponding D2R transmissions, and if the R2D transmission has coverage issues, then the corresponding D2R transmission would not reach the reader. Hence it should be considered for D2R transmissions alone.
· Source [Ericsson], [TCL] say that not supporting R2D repetition can be the baseline.
· Source [CMCC], [LG] and [Xiaomi] include that the decision to support R2D repetitions can be based on whether the activation threshold is a bottleneck according to the coverage evaluations.
· Source [CMCC] and [Huawei] also comment that from a device perspective, especially device 1 with low complexity and memory storage, it is not possible to combine multiple repetitions.
***unchanged parts omitted***




Proposal 2.4.1c(I): For R2D repetitions, adopt the TP below in Section 6.1.1.x.2 of TR 38.769:
	***unchanged parts omitted***
Bit-level repetition
Positive observations:
-	Source [R1-9421-3] state that bit level repetition can be studied if coverage enhancement of the R2D link is required.
-	Source [R1-9421-12] state that bit level repetition where every input bit repeated for 8 times before Manchester coding could have ~4dB gain when compared with no repetition. They claim using Manchester codes with repetitions require a simple structure and consumes extremely low power.
-	Source [R1-9421-28] state that bit level repetitions with scrambling is required since the former would improve the link budget and the latter would add extra randomness to the information bits, providing gain by suppressing the interference. They also claim that repetitions can be used in devices that cannot soft combine the repetitions, and majority-based detection would offer gain for these devices.
Negative observations:
-	Source [R1-9421-9] state that since envelope detection is used for R2D reception, bit level repetition may not provide expected gain for the reception.
-	Source [R1-9421-8] state that though it may be feasible, it increases the device’s processing complexity for reception, e.g., combination, repetition parameters determination.
· Source [Fujitsu] state that repetition gain of a bit-level repetition, which requires additional standardization effort to define necessary control information, mainly comes from the energy accumulation of the signal, and should be similar with the achievable gain by directly lowering the chip rate/reducing the M value, which does not require this additional effort.
Block-level repetition
Positive observations:
-	Source [R1-9421-32] state that at least for large TBs, repeatedly transmitting the TB multiple times consecutively provides time diversity gain and increases the probability that at least one of the repetitions can be successfully decoded.
· Source [ZTE] further state that the device can perform the block-wise detection without chase combination of the repeated blocks so that block-level repetition may not need additional buffer and increase the complexity and cost.
· Source [Fujitsu] state that block-level repetition can obtain a bigger repetition gain than that achieved by bit- or chip-level repetition, and can enjoy both the time diversity gain and the gain of energy accumulation.
Negative observations
-	Source [R1-9421-8] state that considering limited capability and cost for an A-IoT device, block level repetition for R2D should be excluded.
· Source [Fujitsu] state that block-level repetition additionally requires a very large volatile memory to store all received repetitions of one block.
Chip-level repetition
Positive observations:
-	Source [R1-9421-9] state that it may be useful for R2D transmission coverage and can be considered to generate a lower data rate than 7kbps.
-	Source [R1-9421-30] state that chip-level repetition increases the chip duration, improving the edge detection at the receiver, thereby having a ~2dB performance increase when compared to bit level repetitions.
Negative observations:
-	Sources [R1-9421-3], [R1-9421-8] and [R1-9421-11] state that chip-level repetition is equivalent to long chip transmission, i.e., by using a smaller modulation index, and therefore, there is no need to support this option.
· Source [Fujitsu] state that repetition gain of a chip-level repetition, which requires additional standardization effort to define necessary control information, mainly comes from the energy accumulation of the signal, and should be similar with the achievable gain by directly lowering the chip rate/reducing the M value, which does not require this additional effort.
***unchanged parts omitted***



Proposal 2.6a(I): Add the following TPs to the TR:
	6.1.1.x	R2D multiplexing
For R2D, time-domain multiplexing is the baseline. Code-domain multiplexing is not considered for device 1/2a/2b. Frequency-domain multiplexing is not considered for the devices with an RD-ED receiver (see Clause 5). For device 2b with IF-ED or ZIF receivers, the study considered the following technical aspects:
Table 6.1.1.x-1: Observations on the feasibility and necessity of FDM for Device 2b
	Aspects to be considered for feasibility/benefit
	Observations

	Inventory completion time
	Sources [R1-9421-3], [R1-9421-22], [R1-9421-4], [R1-9421-12] state that FDM is beneficial to reduce the inventory completion time, especially considering more devices per reader due to the larger maximum distance for Device 2b.

Source [vivo] state that inventory latency reduction would be limited, due to difficulty of allocating frequency resources efficiently for Msg2 by reader with uncertainty of number of successful Msg 1, and difficulty of informing an A-IoT device R2D frequency location other than Msg2.

	Device implementation
	Sources [R1-9421-18], [R1-9421-27], [R1-9421-3], [R1-9421-22], [R1-9421-12] state that channel selection may be performed by a narrowband filter (IF filter or BB filter) after the mixer for Device 2b, if the LO accuracy is sufficiently good.

Source [Panasonic] states that narrowband RF filtering at device side to realize R2D FDM would be challenging considering reception performance and complexity, while such filtering would also limit the deployment scenario supported by device.

Sources [R1-9421-34], [R1-9421-24], [R1-9421-6], [R1-9421-2], [R1-9421-5] state that it would be challenging for a device using an RF-ED receiver architecture to distinguish the different incoming signal fall into the RF BW without narrowband RF filtering which may cause increasing device implementation complexity and power consumption.

Source [R1-9421-3] states that the larger R2D responses are harder for the devices to process in the case of TDM+FDM/TDM only for D2R/R2D, respectively.

	Spectrum utilization
	Source [R1-9421-34] state that the spectral efficiency may be impacted by the guard band across the FDMed R2D transmissions to multiple devices.

Source [Ericsson] state that the spectrum utilization can still be higher for non-RF-ED based devices if FDM is used, despite guard bands.

Source [vivo] state that spectrum efficiency improvement would be limited, due to difficulty of allocating frequency resources efficiently for Msg2 by reader with uncertainty of number of successful Msg 1, and difficulty of informing an A-IoT device R2D frequency location other than Msg2.

	Coverage (in the case of single reader)
	Source [R1-9421-5] states the R2D link budget of a reader is decreased due to the power splitting between the parallel R2D channels.

Source [R1-9421-3] states the coverage target of Device 2b is still larger than that of Device 1 (with RF-ED architecture).

	Reader implementation (in the case of single reader)
	Source [R1-9421-5] states that additional interference suppression may be needed to deal with the intermodulation between the parallel R2D transmissions.

	Harmonized design for all devices
	Sources [R1-9421-26], [R1-9421-9], [R1-9421-19], [Spreadtrum] state that it is not appropriate to include FDM only for Device 2b, while Device 1 and 2a cannot support it.

Source [vivo] state that non-harmonized resource allocation for different device types complicates the system design.

Source [Ericsson] state that a deployment supporting a combination of RF-ED devices and non-RF ED devices can be harmonized by TDMA’ing different types of R2D time slots, where some time slots can support only a single frequency occasion while other time slots support multiple frequency occasions.







Proposal 2.7a(I): In R2D, a chip corresponds to one OOK symbol.

Proposed Conclusion 2.7b(I): Since R2D chip duration is a consequence of CP handling design, it is not studied further in RAN1, and is left to a later phase.

Proposal 3.2(I): Capture the following TP update into TR38.769

	…(unchanged parts omitted)…
For all devices, the following D2R baseband modulations are studied:
-	OOK
-	Binary PSK
-	Binary FSK, as MSK (and not GMSK)
OOK and BPSK for baseband modulation are feasible for D2R for all devices.
-	Sources [R1-9421-3], [R1-9421-11], [R1-9421-28], [R1-9421-16] report that MSK is feasible in some way:
-	[R1-9421-3], [R1-9421-11] say it is feasible for all devices, for example when it is implemented with multiple impedances switching
-	[R1-9421-28] say that it would be implemented as square-wave MSK for devices 1 and 2a, and sine-wave MSK for device 2b
-	For device 1 and 2a this type of MSK does not have continuous phase
-	[R1-9421-3] say that benefits include lower sidelobes than OOK and BPSK, and lower BER than OOK and same BER as BPSK 
-	Sources [R1-9421-5], [R1-9421-2], [R1-9421-9], [R1-9421-7], [R1-9421-8], [R1-9421-10], [R1-9421-23] report that MSK is either infeasible or should be deprioritized for all devices.
-	[R1-9421-5], [R1-9421-9], [R1-9421-7], [R1-9421-8], [R1-9421-2], [R1-9421-10], [R1-9421-23] say that MSK is less spectrally efficient than OOK and BPSK because there are issues due to poor phase accuracy in the device
-	[R1-9421-5], [R1-9421-7], [R1-9421-2], [R1-9421-8], [R1-9421-10] say that MSK would increase reader and device complexity
-	[R1-9421-8] say that MSK performance for device 2b would materially degrade due to CFO
-	[TCL] say that it is difficult to modulate MSK signal using impedance switching due to the implementation complexity, including frequency mapping and phase continuation. [Xiaomi] say that if multiple impedances switching are applied to maintain the phase continuity, it violates the principle of low device cost.
…(unchanged parts omitted)…



Proposal 3.3.1(I): For D2R line codes, FM0 is deprioritized.
Proposal 3.3.2a(I): For small frequency shifts in D2R, adopt the TP below in Section 6.1.2.x.1 of TR 38.769:
	6.1.2.x.1	Small frequency shifts
***unchanged parts omitted***
Sources [R1-9421-1], [R1-9421-8], [Huawei] and [R1-9421-28] state that Manchester codeword repetitions within the same time duration corresponding to an information bit is equivalent to bit-level repetitions within the same duration prior to Manchester encoding. Sources [CMCC] and [Vivo] state that option 1 has a more concentrated spectrum, and requires lesser bandwidth as compared to Option 2. Source [Vivo] further states that while Option 1 and option 2 show similar BLER performance for single device case, Option 1 outperforms Option 2 with FDMA, especially with presence of 105 ppm SFO. Option 1 can achieve additional gain for coverage evaluation due to lower effective noise power.
Sources [R1-9421-8], [R1-9421-32] and [R1-9421-13] state that the output waveform for Manchester line codes by Option 2 introduces a phase reversal of the output waveform in the middle of the time duration corresponding to an information bit as compared to Option 1.
***unchanged parts omitted***




Proposal 3.3.2b(I): For small frequency shifts in D2R using Manchester line codes by multiplying the Manchester codeword with a square wave corresponding to the small frequency-shift, each information bit Tb includes Rs number of square wave periods, where Rs = Tb/(2 * chip length), such that the amount of small frequency shift in Hz is Rs/Tb = 1/(2 * chip length).

Proposal 3.4.1(II): For D2R block level repetitions, adopt the TP below in Section 6.1.2.x.3 of TR 38.769:
	***unchanged parts omitted***
6.1.2.x.3	Repetition
For definitions of repetition types, see Clause 6.1.0. For D2R, at least block-level and bit-level repetition type 1 and type 2 are studied.
Block-level repetition
***unchanged parts omitted***
Performance comparisons
-	Source [R1-9421-5] state that block level repetition yields ~2.5 dB performance gain compared with bit level type 2 due to the additional time diversity gain for the combination of decoding. 
-	Source [R1-9421-10] state that block level repetition provides ~4dB performance gain @1% BLER compared with bit level type 1.
-	Source [R1-9421-32] state that block level repetition provides ~6dB performance gain @10% BLER compared with no repetitions and the performance between block level repetition and bit level repetition type 2 is the same.
-	Source [R1-9421-8] state that the performance difference between block level repetition and bit level repetition without CW hopping is minor, while block level repetition outperforms bit level repetition with CW hopping.
-	Sources [R1-9421-11] and [R1-9421-32] state that bit level repetition and block level repetition have similar performance in the AWGN channel but block level repetition could achieve more time diversity gain than that of bit level type 2 in a fading channel.
· Source [Xiaomi] state that for the no FEC case, with 3 times repetition, block level repetition provides ~5dB gain at 1% BLER when compared with bit level type 1 repetition.
***unchanged parts omitted***



Proposal 3.4.2(I): For D2R FEC, update Table 6.1.2.x.1-1 of Section 6.1.2.x.1 of TR 38.769 as follows:
	***unchanged parts omitted***
Table 6.1.2.x.1-1: Summary of study on D2R FEC
	Option #
	CC Design
	Pros
	Cons

	Baseline
	Constraint length 7
Code rate 1/3
	[R1-9421-8] Decoding performance is increased by ~3dB@10% BLER, when compared to no CC but with repetitions.

[R1-9421-8] Decoding performance is increased by ~7dB@10% BLER, when compared to no CC or repetitions.

[R1-9421-27] Decoding performance is increased by 6.23dB@10% BLER with 2RX, when compared to no CC or repetitions.

[R1-9421-27] Decoding performance is increased by 6.42dB@10% BLER with 4RX, when compared to no CC or repetitions.

[R1-9421-11] Decoding performance is increased by ~2dB@10% BLER, when compared to LTE CC-TBCC with code rate 1/2.

[R1-9421-16] Decoding performance is increased by ~2.5dB@1% BER, when compared to code rate 1/2.
 
[R1-9421-10] Decoding performance is increased by ~1.5dB@1% BLER, when compared to constraint length 4, code rate 1/3

[R1-9421-10] Decoding performance is increased by ~2.5dB@1% BLER, when compared to constraint length 6, code rate 1/3

[Nokia] Decoding performance is increased by 3 dB@ 10% BLER with 2 RX, when compared to no CC or repetitions
	

	1
	Constraint length 4
Code rate 1/2 – 1/4
	[R1-9421-3] Code rate 1/2:  Detection performance is increased by 3dB@10% BLER, when compared to no CC or line codes.
	[R1-9421-9] Code rate 1/2:  Decoding performance is decreased by ~0.86dB@10% BLER, when compared to constraint length 7, code rate 1/2.

[R1-9421-32] Code rate 1/2: Decoding performance is decreased by ~1dB@10% BLER, when compared to constraint length 7, code rate 1/2.

[R1-9421-32] Code rate 1/4: Decoding performance is decreased by ~1.4dB@10% BLER, when compared to constraint length 7, code rate 1/4.

[CATT] Code rate 1/2, 1/3, TBCC: Decoding performance is decreased by ~1dB@10% BLER, when compared to baseline with TBCC.



***unchanged parts omitted***




Proposal 3.6(I): Update section 6.1.2.x.1 of the TR on D2R multiple access:
	D2R multiple access
6.1.2.x.1	Multiple access schemes
Time-domain multiple access, and frequency domain multiple access at least by using a small frequency shift in baseband are studied. Whether code-domain multiple access is feasible and necessary for all devices is FFS.
Time-domain multiple access is the baseline. Sources [R1-9421-9], [R1-9421-11], [R1-9421-3], [R1-9421-1], [Nokia], state that the benefit of TDMA is the low implementation complexity for both device and reader, while the inventory efficiency may be relatively low for TDMA only, and sources [R1-9421-27], [R1-9421-22], [R1-9421-24], [CATT], [Nokia], [Qualcomm], state that the guard interval, if supported, between consecutive D2R transmissions from different devices depends on the SFO after clock calibration.
According to sources [R1-9421-3], [R1-9421-9], [R1-9421-11], [R1-9421-35], [R1-9421-27], [R1-9421-1], [R1-9421-5], [R1-9421-25], [Nokia], the potential benefit of frequency-domain multiple access is to increase the transmission efficiency and reduce collisions, while the cons include more complicated frequency resource management and reception processing at reader according to source [R1-9421-9], and potentially increased power consumption for devices according to sources [R1-9421-11], [R1-9421-17], [R1-9421-12], [Nokia]. It is observed that the performance of FDMA may be impacted by the following aspects.
-	Large SFO of device
-	Sources [R1-9421-28], [R1-9421-32] state that large SFO (e.g. up to 105 ppm) produces higher BLER degradation due to inter-device interference than a smaller (e.g. up to 104 ppm) or the ideal case of zero SFO. Source [Qualcomm] states that under the case of the large SFO (e.g. up to 105 ppm), two among four devices using small frequency shifts have BLER floor and cannot achieve BLER 1%. Source [R1-9421-32] state that under the case of the large SFO (e.g. up to 105 ppm), two FDMA-ed devices induce about 0.6~1dB performance loss compared to single device.
-	Source [R1-9421-5] state that the large SFO (e.g. up to 105 ppm) has little impact (e.g., ≤1dB) on the performance of FDMA between multiple devices.
-	Sources [R1-9421-8] think that sufficient gap between D2R transmissions should be reserved to accommodate frequency error caused by SFO/CFO
-	Sources [R1-9421-17] think that the required guard band size increases for higher switching frequencies for passive devices.
-    Source [CMCC] observed that the performance gap among 10% SFO and 1% SFO (residual) is similar compared FDMA with no FDMA, e.g., about 0.5dB @ 10% BLER, i.e., the performance gap among 10% SFO and 1% SFO (residual) is irrelevant to whether FDMA scheme is used or not.
-    Source [Huawei] state that large SFO (e.g. up to 105 ppm) has little impact on the link performance of FDMA, as it is observed that the performance gap between 10% and 1% SFO is negligible in the case of FDMA among 4 devices.
-	Timing offset between devices
-	Sources [R1-9421-25] state that timing offset results in a degradation of up to ~4 dB and the loss varies for different devices depending on the level of experienced interference
-	Maximum range of small frequency shift
-	Sources [R1-9421-24] think that the frequency gap among devices will impact the interference, which is highly depends on the small frequency shift capability, i.e., how large the frequency shift can be via small frequency shift.
-	Harmonics in the backscattered signal
-	Sources [R1-9421-8] state that FDMA is feasible by proper frequency resource allocation not using odd harmonic frequency of FDMed D2R transmissions.
-	Potential intermodulation spectral leakage in the backscattered signal
-	Frequency resource collision
-	Source [Sony] thinks that if the guard band size between D2R transmissions is fixed, allocating passive devices with large SFO to frequency shifts closer to the A-IoT carrier frequency and either (1) passive devices with smaller SFO or (2) active devices to frequency shifts further from the A-IoT carrier frequency reduces frequency resource collision.
-	Number of multiplexed devices
-	Source [R1-9421-32] reports that performance loss increases with the increase of device number. Besides, for FDMA detection at reader side, there is about 1.5 - 3dB performance loss from 6 FDMA-ed devices compared to single device.
-	Source [Sony] thinks that the potential number of multiplexed devices depends in the maximum rate of frequency switching.
-	Source [Sony] thinks that if the guard band size depends on the SFO capability of the device, the number of multiplexed devices can be increased if passive devices with large SFO are allocated frequency shifts closer to the A-IoT carrier frequency and passive / active devices with smaller SFO are allocated frequency shifts further from the A-IoT carrier frequency.
According to sources [R1-9421-11], [IIT], [R1-9421-12], [R1-9421-32], [Nokia], CDMA can improve the resource utilization efficiency without increasing the device complexity significantly. Sources [R1-9421-27] thinks CDMA would help the multiplexing among readers and it can alleviate the cross-link interference. Source [R1-9421-12] thinks CDMA is also beneficial for the latency reduction and success rate improvement of access procedure. Source [CATT] thinks that the CDMA scheme is mostly used for the signals without carrying information. However, sources [R1-9421-18], [R1-9421-26], [R1-9421-3], [R1-9421-1], [R1-9421-5], [R1-9421-6], [R1-9421-8], [Nokia] show concerns on the necessity and feasibility of CDMA, especially considering the limited capability (e.g., large SFO/CFO) of Ambient IoT devices and the cost (additional memories to store a set of codewords at device) versus benefits. In detail, the observations are as follows. 
Impact of SFO on the performance of CDMA
In the case of large SFO (e.g., 105 ppm):
-	Source [R1-9421-6] think that the orthogonality between different codes/sequences will be severely disrupted, as the large SFO will accumulate an additional sampling error of 10 points of 100 points.
-	Source [R1-9421-8] think that the increased inter-device interference would materially degrade D2R performance, e.g., increased false alarm rate and miss detection probability, which in turn reduce spectrum efficiency even lower than the case of simple TDMA. 
-	Source [R1-9421-1] think that the accurate timing and power control required by CDMA are far-fetched for Ambient IoT devices, referring to the IS-95 CDMA system.
-	Source [R1-9421-32] state that CDM-ed MA has comparable or better performance than FDM-ed MA under different SFO assumptions (i.e., 0/1E3~1E4/1E4~1E5) and device numbers (i.e., 1/2/3). Source [R1-9421-32] state that CDMA by mapping Manchester encoded bit or convolutional encoded bit with 4-length orthogonal code is feasible for D2R transmission carrying 20 information bits. 
· Source [ZTE] state that convolutional codes and BPSK modulation for the CDMA improve the D2R transmission performance with multiple multiplexing devices. Source [ZTE] state that for D2R transmission with TBS16+CRC0, the performance difference between the CDMA scheme using 4-length orthogonal code for 4 devices and the repetition scheme for single device at 1%BLER is less than 0.5dB, and the CDMA scheme has 1~2dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers. While for D2R transmission with TBS96+CRC16, the performance difference between the CDMA scheme with 4-length orthogonal code for 4 devices and the repetition scheme for single device at 1%BLER is also less than 0.5dB, and the CDMA scheme has 1~2.5dB SNR gain at 10%BLER compared with FDMA scheme at the same multiplexing device numbers.
-	Source [Qualcomm R1-9421-28] state that CDMA for msg-1 enables multiplexing large number of msg-1 sequences even when power variation is [-9dB, +9dB], while quite large number of SFO hypotheses is necessary at reader to achieve reasonable false-alarm and miss detection probabilities with the SFO of [0.1 – 1] * 105 ppm.
-	Source [R1-9421-5] state that correlation properties of sequences are severely damaged with the SFO of 105 ppm. Besides, D2R receiver fails to estimate the SFO of each of the parallel D2R transmissions for the SFO of 105 ppm.
-	Source [R1-9421-12] state that CDM of RACH preambles using either m-sequences or Gold sequences of length 63 is feasible and preambles from multiple devices can be clearly detected by the reader, even in challenging conditions (SFO = 5%, SNR = 0dB). For 1% missed-detection rate, simulation results showed that m-sequences and Gold sequences are able to achieve this performance level when SNR is about -24dB and -23dB, respectively.
In the case of relatively smaller SFO (e.g., 104 ppm), 
· Source [Qualcomm R1-9421-28] state that CDMA for msg-1 enables multiplexing large number of msg-1 sequences even when power variation is [-12dB, +12dB] when power variation is within [-3, +3] dB for the SFO of [0.1 – 1] * 104 ppm with reasonable number of SFO hypotheses at reader. 
Impact of CFO on the performance of CDMA for Device 2b
-	Source [R1-9421-5] state that codeword detection at D2R receiver fails considering non-coherent demodulation has to be used due to the quick phase rotation caused by the residual CFO of e.g. 10s or 100s of Hz after CFO estimation and correction.
Impact of timing offset between CDMed D2R transmissions on the performance of CDMA for Device 2b
-	Source [R1-9421-31] state that binary modulated orthogonal sequence such as Golay sequence can tolerate timing error by selecting a suitable cyclic shift spacing.
-	Source [R1-9421-12] state that it is possible to detect multiple transmitters with timing difference and power difference among devices.
-	Source [R1-9421-24] think that poor synchronization performance in time and frequency domain of device would degrade the code orthogonality and thus results in a bad cross-correlation performance.
-	Source [R1-9421-21] think that the different propagation delays from devices may also degrades decoding performance.
-	Source [R1-9421-32] state that the negative impact of asynchronization can be mitigated with some enhancements, e.g. enhanced synchronization sequence and enhanced detection method at reader/BS side, e.g., sliding window based detection and setting constraints on the start of D2R transmission.
The impact of power variation between devices on the performance of CDMA is studied as follows.
-	Source [Qualcomm R1-9421-28] state that the larger power variation of at least up to [-9dB, +9dB] can be addressed by reader receiver and CDMA can achieve significant throughput gain for msg-1 severely degrades the capacity of CDMA for msg-1.
-	Source [R1-9421-32] state that the greater the disparity in received power among multiple devices, the better performance will be obtained by SIC receiver with CDM-based multiple access scheme.
Except the impact of SFO/CFO of devices, whether CDMA provides benefit is also studied as depending on the length of the orthogonal or pseudo-orthogonal code and the number of available codes for parallel D2R transmissions:
-	Source [R1-9421-3] think that using spreading sequence can lead to transmitting a larger number of bits which can be extremely inefficient considering that the devices are extremely power inefficient. 
-	Source [R1-9421-3] think that CDMA might be too complex to implement in A-IoT devices, which might involve complexities with generating orthogonal sequences.
-	Source [R1-9421-24] think that a large device density (e.g., 150 devices per 100 m2 for indoor scenarios per TR) requires a long code sequence, which is challenging for the device with limited buffer size.
-	Source [R1-9421-2] think that CDMA leads to higher power consumption and lower data rate.
-	Source [R1-9421-8] think that the usable number of binary sequences would be much smaller due to impairment such as timing/frequency error and interference.
-	Source [R1-9421-12] state that in comparison to RN16, when Msg. 1 is transmitted using RACH preamble m-sequences or Gold sequences, the number of usable binary sequences that can be used is large since the base sequence design from LTE and NR can be reused.
-	Source [R1-9421-12] state RN16 cannot tolerate collision for any one of its bits. Once collided, the bit sequence is changed and became non-detectable. On the other hand, m-sequences and Gold sequences are able to tolerate transmission overlap.
-	Source [R1-9421-32] state that CDMA by mapping Manchester encoded bit or convolutional encoded bit with 16-length or 64-length orthogonal code improve the D2R transmission performance and multiplexing capacity compared with using 4-length orthogonal code for mapping. Source [ZTE] state that for D2R transmission with TBS16+CRC0 under the assumption of SFO being 1E4~1E5, the performance difference between the CDMA scheme with 64-length orthogonal code for 4 devices and the repetition scheme for single device at 1%BLER is about 1dB, and the CDMA scheme has about 2.5dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers.
-	Source [R1-9421-32] state that BPSK modulation and convolutional code for the CDMA further improve the D2R transmission performance with multiple multiplexing devices and multiplexing capacity compared with OOK based modulation. Source [ZTE] state that for D2R transmission with TBS16+CRC0 under the assumption of SFO being 1E4~1E5 and using convolutional codes and BPSK modulation, the performance difference between the CDMA scheme using 16-length or 64-length orthogonal code for 6 devices and the repetition scheme for single device at 1%BLER is less than 1dB, and the CDMA scheme has about 9dB SNR gain at 1%BLER compared with FDMA scheme at the same multiplexing device numbers.



Proposed conclusion 3.7.1a(I): No further discussion is needed in the SI for the FFS on “the definition of D2R chip duration for MSK” from RAN1#118bis.

Proposal 3.8.1(I): Capture in the TR:
· “Since device 2b has internal carrier-wave generation, the 2SB and/or 1SB Btx,D2R and Bocc,D2R can be affected by how it performs D2R modulation/line-coding, and whether it applies small frequency shift in the same way as devices 1/2a.” 

Proposal 4.1a(I): For CRC, adopt the TP below in Section 6.1.1.x.1 of TR 38.769:
	6.1.0.2	CRC
***unchanged parts omitted***
For the CRC generator polynomials:
	Sources [R1-9421-7], [R1-9421-12], [R1-9421-10], [R1-9421-11], [R1-9421-21] recommend that the same polynomials from TS 38.212 are reused, giving justifications:
-	Sources [R1-9421-11], [R1-9421-12] state that the polynomials from TS 38.212 were already carefully and thoroughly evaluated and ensured in the NR channel coding design, so there is no need of considering other polynomials.
-	Source [R1-9421-10] states that the device complexity is increased when different polynomials are introduced for the D2R transmission.
-	Source [R1-9421-7] states that link performance is significantly impacted by the CRC lengths, and not the CRC polynomials, hence the polynomials from TS 38.212 should be used.
	On the other hand, sources [R1-9421-32], [R1-9421-28], [TCL] and [Panasonic] recommend that the same polynomial for CRC-6 from TS 38.212 is reused, but a new polynomial for CRC-16 is introduced, , incorporating the CRC-6 polynomial, giving justifications:
***unchanged parts omitted***



Proposal 4.1b(I): For CRC, adopt the TP below in Table 6.1.0.2-1 of Section 6.1.1.x.1 of TR 38.769:
	***unchanged parts omitted***
Table 6.1.0.2-1: CRC evaluations
	
	CRC-6
	CRC-16

	TBS
	Source
	CRC overhead
	PFA or Pud
	Source
	CRC overhead
	PFA or Pud

	8 bits
	[R1-9421-5]
	43% 
	~10^(-8) Pud @10-3 BER
	[R1-9421-5]
	67% 
	~10^(-11) Pud @10-3 BER

	12 bits
	[R1-9421-3]
[QUALCOMM119]
	33% 
33%
	~10^(-2) PFA
~10^(-8) Pud @10-3 BER
	[R1-9421-3]
[QUALCOMM119]
	57% 
57%
	~10^(-5) PFA
~10^(-11) Pud @10-3 BLER

	16 bits
	[R1-9421-5]
	27% 
	
	[R1-9421-5]
	50% 
	

	
	[R1-9421-32]
[QUALCOMM119]
	27%
27%
	
~10^(-7) Pud @10-3 BER
	[R1-9421-32]
[QUALCOMM119]
	50%
50% 
	
~10^(-10) Pud @10-3 BER

	24 bits
	[R1-9421-5]

	20% 

	~10^(-6) Pud @ 10% BLER and 2.7dB SNR
	[R1-9421-5]

	40% 

	~10^(-9) Pud @10% BLER and 2.8dB SNR

	
	[R1-9421-3]
[R1-9421-32]
[QUALCOMM119]
	20% 
20%
20%
	~10^(-2) PFA

~10^(-7) Pud @10-3 BER
	[R1-9421-3]
[QUALCOMM119]
	40% 
40%
	~10^(-5) PFA
~10^(-10) Pud @10-3 BLER

	32 bits
	[R1-9421-5]
[R1-9421-32]
[QUALCOMM119]
	16% 
16%
16%
	

~10^(-5) Pud @10-3 BLER
	[R1-9421-5]
[R1-9421-32]
[QUALCOMM119]
	33% 
33%
33% 
	

~10^(-10) Pud @10-3 BLER

	40 bits
	[R1-9421-5]
[R1-9421-32]
[QUALCOMM119]
	13% 
13%
13%
	
~10^(-5) PFA @10% BLER
~10^(-4) Pud @10-3 BLER 
	[R1-9421-5]
[R1-9421-32]
[QUALCOMM119]
	29% 
29%
29%
	

~10^(-10) Pud @10-3 BLER

	48 bits
	[R1-9421-3]
[R1-9421-32]
[QUALCOMM119]
	11% 
11%
11%
	~10^(-2) PFA
~10^(-5) PFA @10% BLER
~10^(-4) Pud @10-3 BLER 
	[R1-9421-3]
[R1-9421-32]
[QUALCOMM119]
	25% 
25%
25%
	~10^(-5) PFA

~10^(-10) Pud @10-3 BLER

	96 bits
	[R1-9421-5]
[R1-9421-3]
[R1-9421-32]
[QUALCOMM119]
	6% 
5% 
6%
6% 
	
~10^(-2) PFA

~10^(-4) Pud @10-3 BLER
	[R1-9421-5]
[R1-9421-3]
[R1-9421-32]
[QUALCOMM119]
	14% 
14% 
14%
14%
	
~10^(-5) PFA

~10^(-9) Pud @10-3 BLER

	128 bits
	[R1-9421-32]
[QUALCOMM119]
	4% 
4%
	
~10^(-3) Pud @10-3 BLER
	[R1-9421-32]
[QUALCOMM119]
	11%
11%
	
~10^(-9) Pud @10-3 BLER

	256 bits
	[R1-9421-5]
[QUALCOMM119]
	2%
2% 
	
~10^(-3) Pud @10-3 BLER
	[R1-9421-5]
[QUALCOMM119]
	6%
6% 
	
~10^(-9) Pud @10-3 BLER


***unchanged parts omitted***
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The meeting made the following agreements. Refer to the chair’s notes for a definitive version.
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Proposal 3.4.1a(Il): Define for study purposes D2R repetition types as follows:

o Block level: The-whele-bloek-ofAll the bits received from higher layers_and/or physical
layer (according to what is present) isare blockwise repeated Rblock times, after CRC
attachment

e Bit level type 1: Each bit after CRC attachment (if used) is repeated Rbit times

o Bit level type 2: : EEach bit after both CRC attachment (if used) and FEC (if used) is
repeated Rbit times

o Chip level: Each chip after line coding is repeated Rchip times
o NOTE: Equivalent to extending the duration of each chip by Rchip times





