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1. Introduction
In RAN#102 meeting, a new SID “Study on solutions for Ambient IoT (Internet of Things) in NR” was approved and revised SID in RAN#103 meeting is [1]. The objectives are as follows.
	The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.


In this contribution, we discuss remaining evaluation assumptions of coverage and coexistence for A-IoT device. 

2. Discussion

2.1. Scenario definition
At the RAN1#116-bis meeting, the following evaluation scenario definition was agreed while D2R spectrum for D2T2-C and R2D spectrum are FFS.
	Agreement
The following scenarios are defined,
· FFS: which of these scenarios will be evaluated.
	Scenario
	CW Inside/outside topology
	Diagram of the scenario
	Description of the scenario
	Device 1/2a/2b 
	CW spectrum
	D2R spectrum
	R2D spectrum

	D1T1-A1
	CW inside topology
	[image: 形状

中度可信度描述已自动生成]
	· CW node inside topology 1
· ‘CW’ in CW2D and ‘R2’ in D2R are different
· ‘CW’ in CW2D and ‘R1’ in R2D are same
· ‘R1’ in R2D and ‘R2’ in D2R are different
	Device 1, 2a
	Case 1-1 (inside topology, DL)
Case 1-2 (inside topology, UL)
	Same as CW
	

	D1T1-A2
	
	[image: 形状

中度可信度描述已自动生成]
	· CW node inside topology 1
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D
	
	Same as D1T1-A1
	Same as CW
	

	D1T1-B
	CW outside topology
	[image: 形状

中度可信度描述已自动生成]
	· CW node outside topology 1
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are different
· ‘R’ in R2D and ‘R’ in D2R are same
	
	Case 1-4 (outside topology, UL)
	Same as CW
	

	D1T1-C
	No CW
	[image: 形状

中度可信度描述已自动生成]
	· No CW Node.
	Device 2b
	N/A
	UL
	

	D2T2-A1

	CW inside topology
	[image: 形状

中度可信度描述已自动生成]
	· CW node inside topology 2
· ‘CW’ in CW2D and ‘R2’ in D2R are different
· ‘CW’ in CW2D and ‘R1’ in R2D are same
· ‘R1’ in R2D and ‘R2’ in D2R are different
· BS communicates with R1 and R2
	Device 1, 2a
	Case 2-2 (inside topology, UL)
	Same as CW
	

	D2T2-A2
	
	[image: 形状

中度可信度描述已自动生成]
	· CW node inside topology 2
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D
· BS communicates with R
	
	Same as D2T2-A1
	Same as CW
	

	D2T2-B
	CW outside topology
	[image: 形状

中度可信度描述已自动生成]
	· CW node outside topology 2
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are different
· ‘R’ in R2D and ‘R’ in D2R are same
· BS communicates with R
	
	Case 2-3 (outside topology, DL)
Case 2-4 (outside topology, UL)
	Same as CW
	

	D2T2-C
	No CW
	[image: 形状

中度可信度描述已自动生成]
	· No CW Node.
· BS communicates with R
	Device 2b
	N/A
	FFS

	

	Note: this table is for the case where D2R is in the same spectrum as CW2D.






R2D spectrum: 
For D1T1, considering that the R2D transmitter is BS, at least DL spectrum should be assumed for R2D spectrum which follows the existing regulation. For D2T2, considering that the R2D transmitter is intermediate UE, at least UL spectrum should be assumed for R2D spectrum which follows the existing regulation.
Proposal 1: For scenario definition for evaluation, 
· at least DL spectrum should be assumed for D1T1 R2D spectrum.
· at least UL spectrum should be assumed for D1T1 R2D spectrum.
In addition, it can be discussed whether the same assumption on the CW/R2D/D2R spectrum should be applied for Topology 1 and Topology 2. According to the SID, it is captured that “For Topology 2, no difference in physical layer design from Topology 1.” Based on the description, meanwhile physical layer design such as waveform, modulation scheme, line coding etc. which are discussed in 9.4.2.1 should be the same for Topology 1 and Topology 2, we believe this does not intend that the same spectrum should be used for Topology 1 and Topology 2. In our view, UL/DL spectrum discussion is not the part of physical layer design. For example, DL spectrum is used for CW transmission and D2R transmission for Topology 1 while UL spectrum can be used for Topology 2. With this assumption, it is unclear how A-IoT device can identify the frequency location of initial R2D reception and we discuss it in our companion contribution[3].
For D2R spectrum for D2T2-C:
For D2T2-C, considering that the D2R transmitter is active A-IoT device (device 2b), at least UL spectrum should be assumed for D2R spectrum which follows the existing regulation.
Proposal 2: For scenario definition for evaluation, 
· at least UL spectrum should be assumed for D2T2-C D2R spectrum.
· FFS: DL spectrum.
In addition to the above scenarios, we propose in our companion contribution [2] that CW and D2R backscattering can be transmitted in different carrier depending on the discussion on the discussion on the large-frequency shifter in device architecture of device 1 and 2a. For such case, the following scenarios can be additionally considered for Topology 1 and 2 while it can be discussed based on the progress on 9.4.2.4 whether to study the above cases where D2R is in the different spectrum as CW2D especially for D1T1-A/B and D2T2-A/B.
· D1T1-A1’/A2’
· R2D and CW is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· D1T1-B’
· R2D and CW is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW node is BS.
· D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· D2T2-B’
· R2D and D2R is transmitted in UL spectrum to follow the legacy NR operation from regulation perspective.
· CW is transmitted in DL spectrum to follow the legacy NR operation from regulation perspective.
· CW node is BS.
As listed above, various scenarios can be assumed considering the combinations of the spectrum for R2D, D2R and CW. However, the main differences on evaluation can be the assumption on link budget calculation table, and hence we don’t see significant impact on evaluation workload and we don’t expect further down-selection on the scenario for evaluation before studying the pros/cons of each scenario. In our view, the characteristics of each scenario should be studied, e.g., from coverage evaluation, co-existence evaluation, reader complexity perspective.
Based on the above scenario definition, we summarize the issues brought by reception at A-IoT device on DL/UL spectrum and transmission at A-IoT device on DL/UL spectrum considering following aspects.
· Requirement on A-IoT device
· Impacts/require capability on the existing transmitter/reader
· Self-interference at BS (for topology 1) and intermediate UE (for topology 2)
· Interference to/from legacy Tx
Table 1: Summary of issues for each scenario in Topology 1
	
	Requirement on A-IoT device
	Impacts on the current regulatory
	Self-interference at reader
(Full duplex capability)
	Interference from legacy Tx

	D1T1-A1
	/
	If case 1-1 is applied, impact on A-IoT Tx in DL band should be assessed.
If case 1-2 is applied, impact on BS Tx in UL band should be assessed.
	/
	If case 1-1 is applied, D2R may suffer from interference from legacy NR DL Tx.

	D1T1-A1’
	Frequency shifter is required and its feasibility should be studied.
	/
	/
	/

	D1T1-A2
	/
	If case 1-1 is applied, impact on A-IoT Tx in DL band should be assessed.
If case 1-2 is applied, impact on BS Tx in UL band should be assessed.
	Self-interference cancellation and full duplex capability is required.
	If case 1-1 is applied, D2R may suffer from interference from legacy NR DL Tx.

	D1T1-A2’
	Frequency shifter is required and its feasibility should be studied.
	/
	Self-interference cancellation and full duplex capability is required.
	/

	D1T1-B
	/
	/
	/
	/

	D1T1-B’
	Frequency shifter is required and its feasibility should be studied.
	/
	/
	/

	D1T1-C
	/
	/
	/
	/



Table 2: Summary of issues for each scenario in Topology 2
	D2T2-A1
	/
	/
	/
	/

	D2T2-A2
	/
	/
	Self-interference cancellation and full duplex capability is required.
	/

	D2T2-B
	/
	If case 2-3 is applied, impact on A-IoT Tx in DL band should be assessed.
	/
	If case 2-3 is applied, D2R may suffer from interference from legacy NR DL Tx.

	D2T2-B’
	Frequency shifter is required and its feasibility should be studied.
	/
	/
	/

	D2T2-C
	/
	/
	/
	/



Based on the analysis in table 1, D1T1-B and D1T1-C seems less problematic than other scenarios while pros/cons of each scenario can be further studied. Similarly, based on the analysis in table 2, D2T2-A1 and D1T1-C seems less problematic than other scenarios. Therefore, we suggest evaluating at least take these deployment scenarios into the consideration for potential down-selection.

Proposal 3: Study the characteristics of scenario D1T1-A1, D1T1-A2, D1T1-B, D1T1-C, D2T2-A1, D2T2-A2, D2T2-B and D2T2-C at least from following aspects.
· Requirement on A-IoT device
· Impacts/require capability on the existing transmitter/reader
· Self-interference at BS (for topology 1) and intermediate UE (for topology 2)
· Interference to/from legacy Tx
2.2. Link budget calculation for coverage
At the RAN1#116-bis meeting, link budget calculation table was agreed while still have some FFS. We discuss the remaining issues on the link budget calculation table in the following section.

Agreement
The table below is agreed (except for the yellow part)

	No.
	Item
	Reader-to-Device
	Device-to-Reader

	(0) System configuration

	[0A]
	Scenarios
	D1T1-A1/A2/B/C
D2T2-A1/A2/B/C
	D1T1-A1/A2/B/C
D2T2-A1/A2/B/C

	[0A1]
	CW case
	N/A
	1-1/1-2/1-4/2-2/2-3/2-4

	[0B]
	Device 1/2a/2b
	Device 1/2a/2b
	Device 1/2a/2b

	[0C]
	Center frequency (MHz)
	900MHz (M), 2GHz (O)
	900MHz (M), 2GHz (O)

	(1) Transmitter

	[1D]
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	For BS:
- 2(M) or 4(O) antenna elements for 0.9 GHz

For Intermediate UE:
- 1(M) or 2(O) 
	 1

	[1E]
	Total Tx Power (dBm) 
	· For BS in DL spectrum for indoor
· 33dBm(M), FFS: 38dBm(O), one smaller value [FFS: 23 or 26] dBm(M) 
· FFS: additional constraints on PSD
· FFS: For UE in DL spectrum for indoor
· For UL spectrum for indoor, 
· 23dBm (M)
· FFS: 26dBm(O)

Other values are NOT precluded subject to future discussion.


	· For device 1/2a:
· D2R-CWRxPower-Alt1:
· Company to report CW Tx/Rx power together with CW2D distance (see [1E1]~[1E5])
· D2R-CWRxPower-Alt2:
· Balanced MPL/distance (see [1E1]~[1E5], and subject to [1E3] = = [4B])
· For device 2b:
· D2R-dev2bTxPower-Alt1: -10 dBm(O)
· D2R-dev2bTxPower-Alt2: -20 dBm(M)

Other values are NOT precluded subject to future discussion.

	[1E1]
	CW Tx power (dBm)
	N/A
	· 23dBm for UL spectrum, FFS 26dBm
· 33dBm(M), 38dBm (O) for DL spectrum 
Note: only applicable for device 1/2a

	[1E2]
	CW Tx antenna gain (dBi)


	N/A
	· Company to report, the value equals to 
· UE Tx ant gain, or
· BS Tx ant gain
Note: only applicable for device 1/2a

	[1E3]
	CW2D distance (m)
	N/A
	· For D2R-CWRxPower-Alt1:
· [Company to report]
· For D2R-CWRxPower-Alt2:
· Calculated
Note: only applicable for device 1/2a

	[1E4]
	CW2D pathloss (dB)
	N/A
	Calculated
Note: only applicable for device 1/2a

	[1E5]
	CW received power (dBm)
	N/A
	Calculated
Note: only applicable for device 1/2a

	[1F]
	Transmission Bandwidth used for the evaluated channel (Hz)
	180k(M), 
360k(O), 
1.08MHz(O)
	UL data rate: xx bps

FFS: data rate for each case

	[1G]
	Tx antenna gain (dBi)
	· For BS for indoor, 6 dBi(M), 2dBi(M)

· For intermediate UE, 0 dBi
	· For A-IoT device, 0dBi (M), -3dBi (O)

	[1H]
	Ambient IoT backscatter loss (dB)

Note: due to, e.g., 
· impedance mismatch
· Modulation factor
	N/A
	· OOK: Y dB
· PSK: X dB
Note: Only for device 1
FFS: for device 2a

	[1J]
	FFS: Ambient IoT on-object antenna penalty
	· 0.9dB or 10.4
	· 0.9dB or 10.4

	[1K]
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	· 10 dB (M)
· 15 dB (O)
Note: Only for device 2a

	[1N]
	FFS: Cable, connector, combiner, body losses, etc. (dB)
	FFS
	N/A

	[1M]
	EIRP (dBm)
	Calculated
FFS: any limitation of the EIRP subject to future discussion
	Calculated

	(2) Receiver

	[2A]
	Number of receive antenna elements / TxRU / chains modelled in LLS
	Same as [1D]-D2R
	Same as [1D]-R2D

	[2B]
	Bandwidth used for the evaluated channel (Hz)
	FFS: relation with the transmission bandwidth used for the evaluated channel
	· FFS: whether the values are single side-band or double side-band
· Note: The value is used for calculating the noise power
FFS: relation with the transmission bandwidth used for the evaluated channel

	[2B1]
	FFS: RF CBW (Hz)
	FFS:
· 10MHz
· 20MHz
· Other values
Note: The value is used for calculating the noise power 
	N/A

	[2C]
	Receiver antenna gain (dBi)
	same as [1G]-D2R
	Same as [1G]-R2D

	[2X]
	FFS: Cable, connector, combiner, body losses, etc. (dB)
	N/A
	FFS

	[2D]
	Receiver Noise Figure (dB)
	FFS: 20dB or 24dB or 30dB for Budget-Alt2
FFS: different values for device architecture
	For BS as reader
· 5dB
For UE as reader
· 7dB

	[2E]
	Thermal Noise power spectrum density (dBm/Hz)
	-174
	-174

	[2F]
	Noise Power (dBm)
	Calculated
	Calculated

	[2G]
	Required SNR
	Reported by company
	Reported by company

	[2H]
	FFS: Ambient IoT on-object antenna penalty
	· 0.9dB or 10.4
	· 0.9dB or 10.4

	[2J]
	Budget-Alt1/ Budget-Alt2
	For R2D link in the coverage evaluation, for device 1
· Budget-Alt1 is used (note: receiver architecture is RF ED)
FFS: device 2
	Budget-Alt2

	[2K]
	CW cancellation (dB)
	N/A
	For [monostatic backscatter], FFS
· [140dB for BS]
· [120dB for UE]

For [bistatic backscatter]
· Assuming CW has no impact to the receiver sensitivity loss. 

	[2K1]
	Remaining CW interference (dB)
	N/A
	Calculated

	[2K2]
	Receiver sensitivity loss(dB)
	N/A
	Calculated

	[2L]
	Receiver Sensitivity (dBm)

	For Budget-Alt1, 
· For device 1 (RF-ED),
· FFS:{-30dBm ~ -36dBm}

· For device 2 if RF-ED is used
· FFS

· For device 2 if RF-ED is not used
· N/A


For Budget-Alt2, 
· Calculated


	Calculated

Note: the receiver sensitivity includes the receiver sensitivity loss [2K2], i.e. after CW cancellation at least if ‘A2’ scenario is used


	(3) System margins

	[3A]
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	TBD
	TBD

	[3B]
	polarization mismatching loss (dB)
	3 dB
	3 dB

	[3C]
	BS selection/macro-diversity gain (dB)
	0 dB 

FFS: other values are not precluded
	0 dB

FFS: other values are not precluded

	[3D]
	Other gains (dB) (if any please specify)
	Reported by companies with justification
	Reported by companies with justification

	(4) MPL / distance

	4A
	MPL (dB)
	Calculated
	Calculated

	4B
	Distance (m)
	Calculated
	Calculated


<Editor Notes: Note 1 will be updated once the table has stabilized >
Note1: calculated values in the Table XXXX are derived according to the followings, 
· 1E
· For D2R, and device 1/2(backscatter), whether this value is need (not regarded as an input variable but regarded as indirect variable), or based on backscatter activation power threshold
· 1M
· For R2D,  
· For D2R, 
· Device 1: 
· Device 2a: 
· Device 2b: 
· 2F: 
· 2L
· For R2D and Budget-Alt1, [2L] = [2H]
· For R2D and Budget-Alt2, [2L] = [2G]+[2F]
· For D2R and Budget-Alt2, Refer to section [xxx] (Proposal [P4-3])
· 4A
· 
· 4B is derived from pathloss model 
· Refer to section [XXX] (Proposal [P4-3-2])

Note2: (M) denotes the value is mandatory to be evaluated. (O) denotes the value can be optionally evaluated.

2.2.1. Transmission power of R2D transmitter and CW
	[1E]
	Total Tx Power (dBm) 
	· For BS in DL spectrum for indoor
· 33dBm(M), FFS: 38dBm(O), one smaller value [FFS: 23 or 26] dBm(M) 
· FFS: additional constraints on PSD
· FFS: For UE in DL spectrum for indoor
· For UL spectrum for indoor, 
· 23dBm (M)
· FFS: 26dBm(O)

Other values are NOT precluded subject to future discussion.


	· For device 1/2a:
· D2R-CWRxPower-Alt1:
· Company to report CW Tx/Rx power together with CW2D distance (see [1E1]~[1E5])
· D2R-CWRxPower-Alt2:
· Balanced MPL/distance (see [1E1]~[1E5], and subject to [1E3] = = [4B])
· For device 2b:
· D2R-dev2bTxPower-Alt1: -10 dBm(O)
· D2R-dev2bTxPower-Alt2: -20 dBm(M)

Other values are NOT precluded subject to future discussion.

	[1E1]
	CW Tx power (dBm)
	N/A
	· 23dBm for UL spectrum, FFS 26dBm
· 33dBm(M), 38dBm (O) for DL spectrum 
Note: only applicable for device 1/2a

	[1M]
	EIRP (dBm)
	Calculated
FFS: any limitation of the EIRP subject to future discussion
	Calculated



For transmission power which corresponds to row [1E] [1E1] and [1M], the total transmission power, constraints on PSD and EIRP should be discussed further.
Total transmission power on BS in DL spectrum for indoor: row [1E]
In our view, 38 dBm as total transmission power is quite large especially for indoor scenario with narrow BW and we think it is impractical, therefore, it can be removed. For FFS on the smaller value of 23 dBm or 26 dBm, considering that much smaller transmission power is assumed for indoor in practical deployment compared to outdoor and the transmission of R2D is expected to be quite narrow such as one RB or multiple RBs with 15 kHz SCS, 23 dBm is more aligned with the practical operation.
In addition, at least for the case with smaller value on total transmission power, i.e., 23 dBm, max PSD should be considered for evaluation. We would like to note that while it was agreed in RAN4 that RAN4 first study the case where NR BS and A-IoT reader are non-co-located, the case where A-IoT reader is co-site with NR is not precluded and still under the scope as captured in SID. Especially for the case when NR BS and A-IoT reader is co-located, PSD-limited operation should be considered and we suggest [20 or 24] dBm/MHz. Note that 24 dBm/MHz was the assumption for small cell in coverage evaluation in the previous release.
Proposal 4: For link budget calculation, for the total transmission power on BS in DL spectrum for indoor, i.e., in row [1E] for R2D of link budget calculation table,
· 38 dBm can be removed
· the smaller value should be 23 dBm
· constraints on PSD should be applied at least for the case with smaller total transmission power value such as [20 or 24] dBm/MHz

Total transmission power on UE in DL spectrum: row [1E]
When the R2D transmitter is intermediate UE, at least 23 dBm should be assumed as total transmission power regardless of the transmission spectrum. Therefore, as agreed for UE transmission power in UL spectrum, 23 dBm should be the mandatory value even for transmission in DL spectrum.
Proposal 5: For link budget calculation, for the total transmission power on UE in DL spectrum for indoor, i.e., in row [1E] for R2D of link budget calculation table, 23 dBm should be assumed as mandatory value.

CW transmission power: row [1E1]
Similar principle to total transmission power in row [1E] can be applied to CW transmission power. More specifically, the CW transmission power should be 33 dBm and 23 dBm as mandatory evaluation values assuming BS as CW node in DL spectrum and 23 dBm as mandatory value assuming UE as CW node regardless of transmission spectrum.
Proposal 6: For link budget calculation, for the CW transmission power, i.e., in row [1E1] for D2R of link budget calculation table, 
· 33 dBm and 23 dBm should be assumed as mandatory value assuming BS as CW node in DL spectrum
· 23 dBm should be assumed as mandatory value assuming UE as CW node

Constraints on max EIRP: row [1M]
According to the discussion at the last RAN1 meeting, EIRP, i.e., row [1M], can be calculated as follows for R2D.
	
Based on the current link budget calculation table, when the BS is the transmitter for R2D, total transmission power [1E] is 33dBm as larger value and Tx antenna gain [1G] is agreed as 2 dBi or 6 dBi. This means that, without any limitation on EIRP, EIRP can be 39dBm at most while we think it is too large for indoor operation. Therefore, we suggest limiting the max EIRP as [35] dBm for R2D.
Proposal 7: For link budget calculation, for the EIRP for R2D, i.e., in row [1M] for R2D of link budget calculation table, constraints on EIRP should be applied as [35] dBm.

2.2.2. Rx bandwidth
According to the agreed link budget calculation table, the details on bandwidth which is used for evaluation at receiver side is FFS.
	[2B]
	Bandwidth used for the evaluated channel (Hz)
	FFS: relation with the transmission bandwidth used for the evaluated channel
	· FFS: whether the values are single side-band or double side-band
· Note: The value is used for calculating the noise power
FFS: relation with the transmission bandwidth used for the evaluated channel

	[2B1]
	FFS: RF CBW (Hz)
	FFS:
· 10MHz
· 20MHz
· Other values
[bookmark: _Hlk166149184]Note: The value is used for calculating the noise power 
	N/A



In addition, at the post-RAN1#116-bis meeting e-mail discussion, the following agreement was made related to CINR/CNR calculation.
	Proposal#5 (V05r1)
For the R2D LLS for ED,  the following is considered as start point, report followings (as start point).
· CINR/CNR in LLS, where CINR/CNR is defined as the ratio of signal power spectral density in the transmission bandwidth to the noise and/or interference (if any) power spectral density in the device ED channel bandwidth.
· signal transmission bandwidth
· ED channel bandwidth
FFS: exact definition of ED channel bandwidth for RF-ED, IF, ZIF receiver
FFS: which and how to report for R2D ZIF receiver and D2R



Based on the above agreements, Rx bandwidth for noise calculation should be clarified.
Rx bandwidth for R2D: row [2B] and [2B1]
Per our understanding, the bandwidth used for noise power calculation should be the filtered BW and the type of filter/filtered bandwidth should be discussed depending on each device architecture. For RF-ED device, the filtered bandwidth would be RF BPF filtered bandwidth. Given that it may be difficult to have narrow BPF, the bandwidth would be channel bandwidth such as 10 MHz or 20 MHz. For IF device, the filtered bandwidth for noise power calculation would be IF filtered bandwidth. In our view, the IF filter can be designed that the filtered bandwidth would be occupied bandwidth which includes transmission bandwidth and potential guard band. For ZIF device, the filtered bandwidth for noise power calculation would be BB LPF bandwidth. Similar to IF filter, the BB LPF can be designed that the filtered bandwidth would be occupied bandwidth. 
We don’t see the strong need to have separate row for R2D as [2B] and [2B1] and suggest merging row [2B] and [2B1], i.e., row [2B1] is removed and the value captured in [2B] would be used for noise power calculation while the value can be separately discussed for each device architecture.
Proposal 8: For link budget calculation, for the bandwidth for receiver for R2D, i.e., in row [2B] and [2B1] of link budget calculation table, 
· Row [2B1] is removed
· For RF-ED device as receiver, the Rx bandwidth is RF BPF bandwidth which corresponds to, e.g, CBW
· For IF device as receiver, the Rx bandwidth is IF filter bandwidth which corresponds to, e.g, occupied bandwidth
· For ZIF device as receiver, the Rx bandwidth is BB LPF bandwidth which corresponds to, e.g, occupied bandwidth
· Note: The value is used for calculating the noise power

Rx bandwidth for D2R: row [2B]
In our view, the Rx bandwidth for noise power calculation for D2R, i.e., BS or intermediate UE as receiver, can be larger than transmission bandwidth at A-IoT device, e.g., considering the CFO/SFO of A-IoT device. Per our understanding, impact on CFO/SFO would be covered by the discussion for the guard band bandwidth on top of the transmission bandwidth, and hence the Rx bandwidth for noise power calculation for D2R can be occupied BW for D2R. In addition, as captured as FFS, the assumption on SSB/DSB also should be clarified for noise power calculation. In our view, it depends on the assumption whether Tx bandwidth of D2R is SSB or DSB.
Proposal 9: For link budget calculation, for the bandwidth for receiver for D2R, i.e., in row [2B] of link budget calculation table, the Rx bandwidth is occupied bandwidth which includes transmission bandwidth and guard band.
· Note: The value is used for calculating the noise power
· The assumption of SSB/DSB should be discussed considering the assumption on SSB/DSB for Tx bandwidth for D2R.

2.2.3. Carrier wave interference modelling
	[2K]
	CW cancellation (dB)
	N/A
	For [monostatic backscatter], FFS
· [140dB for BS]
· [120dB for UE]

For [bistatic backscatter]
· Assuming CW has no impact to the receiver sensitivity loss. 

	[2K1]
	Remaining CW interference (dB)
	N/A
	Calculated

	[2K2]
	Receiver sensitivity loss(dB)
	N/A
	Calculated

	[2L]
	Receiver Sensitivity (dBm)

	For Budget-Alt1, 
· For device 1 (RF-ED),
· FFS:{-30dBm ~ -36dBm}

· For device 2 if RF-ED is used
· FFS

· For device 2 if RF-ED is not used
· N/A


For Budget-Alt2, 
· Calculated


	Calculated

Note: the receiver sensitivity includes the receiver sensitivity loss [2K2], i.e. after CW cancellation at least if ‘A2’ scenario is used




The CW cancellation: row [2K]
At the RAN1#116-bis meeting, following agreement was made.
	Agreement
For coverage evaluation, subject to further discussion on which scenarios to evaluate, 
· In the case of CW inside topology with ’A2’ scenarios
· The digital baseband processing of CW self-interference handling is not modelled in link level simulation (LLS). It is included in the link budget analysis by reporting the CW cancellation capability value.
· FFS: In the case of CW outside topology with ‘B’ scenarios or CW inside topology with ’A1’ scenarios



For device 1 and 2a, CW is externally provided and A-IoT device transmits backscattered D2R. The backscattered D2R reception at a reader would be suffered from CW interference inside topology or outside topology. It may affect to the assumption on receiver sensitivity at the reader and should be considered for the evaluation as captured in agreed link budget calculation table. While CW interference can be alleviated for the case where CW node and reader as bistatic topology (‘A1’ scenarios and ‘B’ scenarios) compared to the case where CW node and reader as monostatic topology (‘A2’ scenarios), CW interference should be considered for the bistatic case. In addition, the CW interference would depend on the spatial isolation of CW node and it should be studied.
[bookmark: _Hlk163120963]In addition, self-interference cancellation capability at the reader should be studied for the evaluation. More specifically, according to the discussion in 9.4.2.4, at least single tone and multi-tone are studied for carrier wave waveform, and hence whether/how the self-interference cancellation capability can be different on the candidate waveform of CW, i.e., single-tone vs multi-tone, should be studied. Furthermore, according to the discussion at the previous meetings, the cancellation capability would be different between BS and intermediate UE as reader, and hence how the capability would be different should be studied.
Proposal 10: For link budget calculation, for the CW cancellation for D2R, i.e., in row [2K] of link budget calculation table,
· Study how CW interference would be different for monostatic (‘A2’ scenarios) and bistatic (‘A1’ scenarios and ‘B’ scenarios)
· Study how CW interference would be different depending on CW node isolation
· Study how CW cancellation capability would be different for BS and UE
· Study how CW cancellation capability would be different for CW waveform of single tome and multi-tone
· FFS: Whether/how to consider cross-link interference of CW

2.3. Evaluation assumption on LLS
At the post-RAN1#116-bis meeting e-mail discussion, evaluation assumption for LLS was agreed, while still have some FFS points.
Proposal#2 (V05r1)
The following table of coverage evaluation assumptions in link level simulation is considered as start point.
-  Other values/options are not precluded and subject to future discussion.
 Table: Coverage evaluation assumptions
	Parameters
	Assumptions

	R2D/D2R common parameters

	Carrier frequency
	Refer to link budget template

	SCS
	15 kHz as baseline

	Block structure
	Preamble + payload + CRC, to be reported by companies
Blocks as agreed in 9.4.2.3, or other blocks reported by companies

	Channel model
	<Editor’s Note: Refer to Proposals in section 3.5.3 will be updated according to the agreements made for channel model>

	Delay spread
	[30, 150] ns 

	Device velocity
	3 km/h

	Number of Tx/Rx chains for Ambient IoT device
	1

	BS
	Number of antenna elements
	[2 or 4] 2 or 4

	
	Number of TXRUs
	[2 or 4] 2 or 4

	Intermediate UE
	Number of antenna elements
	[1 or 2] 1 or 2

	
	Number of TXRUs
	[1 or 2] 1 or 2

	Reference data rate
	[0.1, 1, 5] kbps

	Message size
	· D2R:  
· [FFS: 16, 96, 400 bits]
· R2D: 
· [FFS: 16, 32, 64, 400bits]

	BLER target
	1%, 10%

	Sampling frequency
	<Editor’s Note: Refer to Proposals in section 3.5.3 will be updated according to the agreements made for channel model Sampling frequency >

	Device 1/2a/2b
	Options are as follows,
-          Device 1, RF-ED
-          Device 2a, RF-ED
-          Device 2b, RF-ED/IF-ED/ZIF
 
<Editor’s Note: will be updated according to agreements from 9.4.1.2> 

	R2D specific parameters

	Transmission bandwidth
	180 kHz as baseline

	FFS: RF-ED bandwidth
	[X MHz]

	FFS: BB LPF
	[X]-order Butterworth filter with cutoff frequency at [Y] kHz

	Waveform
	OOK waveform generated by OFDM modulator

	Modulation
	OOK
Companies to report, e.g., OOK-1, OOK-4 with M chips per OFDM symbol

	Line code
	Companies to report, e.g., Manchester, PIE

	FEC
	No FEC as baseline

	ADC bit width
	1-bit for device 1
4-bit for device 2

	Detection/decoding method for Line code
	Companies to report

	D2R specific parameters

	Transmission bandwidth
(w.r.t. D2R data rate)
	15 kHz as baseline
For Device 1 and 2a, 15 kHz as baseline 
For Device 2b, [180] kHz as baseline
[FFS: 15kHz, 180kHz]

	Waveform (CW)
	Companies to report waveform, e.g., unmodulated single tone, multi-tone(multiple unmodulated single tone)

	Modulation
	Companies to report modulation, e.g., OOK, BPSK, BFSK

	Line code
	Companies to report, e.g., Manchester encoding, FM0 encoding, Miller encoding, no line coding

	FEC
	Companies to report, e.g., CC, No FEC

	ADC bit width
	Companies to report, e.g., 11-bit

	D2R receiver 
	FFS: Reader receiver, e.g., coherent receiver / non-coherent receiver

	Other assumptions

	Other assumptions
	To be reported by company

	Note: 
 -           Companies to report required SINR according to BLER target.



2.3.1. Samling frequency offset and timing error modelling for LLS
[bookmark: _Hlk166158076]For link level simulation, sampling frequency offset (SFO) and time drift model should be discussed. For the initial SFO, which corresponds to the timing error of initial reception without receiving corresponding timing acquisition/synchronization signal if any, should be discussed first. Based on the existing UHF-RFID, the timing error/tolerance can be 1% which corresponds to 104 ppm to 105 and this value can be the starting point. In addition, it should be discussed whether the initial SFO can be different depending on device type which can be studied in 9.4.1.2.
Proposal 11: For link level simulation, study initial sampling offset for each device type which corresponds to the SFO without receiving corresponding timing acquisition/synchronization signal.
· initial sampling offset can be [104 ppm to 105] as a starting point
· FFS: Whether/how initial SFO can be different depend on the device type
Based on the SFO at the reception timing, SFO can be compensated by the reception of timing acquisition/synchronization signal per our understanding. Therefore, we suggest studying such post-synchronization SFO which corresponds to the SFO after receiving timing acquisition/synchronization signal.
[image: ]
Fig.1: Initial SFO and post-sync SFO.
In our understanding, meanwhile initial SFO is applied to the evaluation of timing acquisition signal or other synchronization signal itself if any, post-sync SFO should be applied to the evaluation of PRDCH or PDRCH which can be received/transmitted after the reception of timing acquisition/synchronization signal.
Proposal 12: For link level simulation, study post-synchronization sampling frequency offset for each device type which corresponds to the compensated SFO after receiving timing acquisition/synchronization signal.
· FFS: detailed value for each device
Proposal 13: For link level simulation,
· Initial SFO is applied to the evaluation of preamble or other synchronization signal if any
· Post-sync SFO should be applied to the evaluation of PRDCH/PDRCH
On top of the assumption on the sampling frequency offset (Fe), the timing drift (ΔT) over a time(T) can be modelled as ΔT = ±Fe * T. On top of the equation of this timing drift model, the exact starting point of ‘T’ needs to be further clarified.
Proposal 14: For link level simulation, the relationship between the SFO (Fe) and corresponding timing drift (ΔT) over a time(T) is modelled as ΔT = ±Fe * T.
· FFS: The starting point of ‘T’

2.3.2. Message size
For link level simulation, the evaluated message size(s) was discussed while no consensus has been achieved. It was discussed whether small message size such as 16 bits assuming Msg1-like message should be evaluated or larger message size such as 400 bits targeting high data rate should be studied. Meanwhile we tend to agree that the message size which targeting high peak rate such as 1-5kbps should be evaluated, in our view, the maximum TBS which can be transmitted by a single PRDCH/PDRCH is unclear and it should be clarified as we discuss in our companion contributions[4, 5]. According to the TR 38.848, the maximum message size is captured as 1000bits, however, it is sceptical for us that such large message can be carried in a single physical channel. Considering the physical layer design such as modulation scheme, e.g., limited M value for OOK, BPSK or BFSK as candidate modulation scheme, it may require a few seconds to transmit such large message. A message with 1000 bits is intended for higher layer or application layer. Therefore, we suggest discuss the maximum TBS which corresponds to the maximum time duration for one physical layer transmission, possible M value for OOK etc.
Proposal 15: For link level simulation, at least [96] bits should be included for evaluation assumption of message size.
· The message size can be refined based on the discussion on maximum TBS.

3. Conclusion
In this contribution, we discussed evaluation assumptions for A-IoT device. Based on the discussion, we made following observations and proposals.
Proposal 1: For scenario definition for evaluation, 
· at least DL spectrum should be assumed for D1T1 R2D spectrum.
· at least UL spectrum should be assumed for D1T1 R2D spectrum.
Proposal 2: For scenario definition for evaluation, 
· at least UL spectrum should be assumed for D2T2-C D2R spectrum.
· FFS: DL spectrum.
Proposal 3: Study the characteristics of scenario D1T1-A1, D1T1-A2, D1T1-B, D1T1-C, D2T2-A1, D2T2-A2, D2T2-B and D2T2-C at least from following aspects.
· Requirement on A-IoT device
· Impacts/require capability on the existing transmitter/reader
· Self-interference at BS (for topology 1) and intermediate UE (for topology 2)
· Interference to/from legacy Tx
Proposal 4: For link budget calculation, for the total transmission power on BS in DL spectrum for indoor, i.e., in row [1E] for R2D of link budget calculation table,
· 38 dBm can be removed
· the smaller value should be 23 dBm
· constraints on PSD should be applied at least for the case with smaller total transmission power value such as [20 or 24] dBm/MHz
Proposal 5: For link budget calculation, for the total transmission power on UE in DL spectrum for indoor, i.e., in row [1E] for R2D of link budget calculation table, 23 dBm should be assumed as mandatory value.
Proposal 6: For link budget calculation, for the CW transmission power, i.e., in row [1E1] for D2R of link budget calculation table, 
· 33 dBm and 23 dBm should be assumed as mandatory value assuming BS as CW node in DL spectrum
· 23 dBm should be assumed as mandatory value assuming UE as CW node
Proposal 7: For link budget calculation, for the EIRP for R2D, i.e., in row [1M] for R2D of link budget calculation table, constraints on EIRP should be applied as [35] dBm.
Proposal 8: For link budget calculation, for the bandwidth for receiver for R2D, i.e., in row [2B] and [2B1] of link budget calculation table, 
· Row [2B1] is removed
· For RF-ED device as receiver, the Rx bandwidth is RF BPF bandwidth which corresponds to, e.g, CBW
· For IF device as receiver, the Rx bandwidth is IF filter bandwidth which corresponds to, e.g, occupied bandwidth
· For ZIF device as receiver, the Rx bandwidth is BB LPF bandwidth which corresponds to, e.g, occupied bandwidth
· Note: The value is used for calculating the noise power
Proposal 9: For link budget calculation, for the bandwidth for receiver for D2R, i.e., in row [2B] of link budget calculation table, the Rx bandwidth is occupied bandwidth which includes transmission bandwidth and guard band.
· Note: The value is used for calculating the noise power
· The assumption of SSB/DSB should be discussed considering the assumption on SSB/DSB for Tx bandwidth for D2R.
Proposal 10: For link budget calculation, for the CW cancellation for D2R, i.e., in row [2K] of link budget calculation table,
· Study how CW interference would be different for monostatic (‘A2’ scenarios) and bistatic (‘A1’ scenarios and ‘B’ scenarios)
· Study how CW interference would be different depending on CW node isolation
· Study how CW cancellation capability would be different for BS and UE
· Study how CW cancellation capability would be different for CW waveform of single tome and multi-tone
· FFS: Whether/how to consider cross-link interference of CW
Proposal 11: For link level simulation, study initial sampling offset for each device type which corresponds to the SFO without receiving corresponding timing acquisition/synchronization signal.
· initial sampling offset can be [104 ppm to 105] as a starting point
· FFS: Whether/how initial SFO can be different depend on the device type
Proposal 12: For link level simulation, study post-synchronization sampling frequency offset for each device type which corresponds to the compensated SFO after receiving timing acquisition/synchronization signal.
· FFS: detailed value for each device
Proposal 13: For link level simulation,
· Initial SFO is applied to the evaluation of preamble or other synchronization signal if any
· Post-sync SFO should be applied to the evaluation of PRDCH/PDRCH
Proposal 14: For link level simulation, the relationship between the SFO (Fe) and corresponding timing drift (ΔT) over a time(T) is modelled as ΔT = ±Fe * T.
· FFS: The starting point of ‘T’
Proposal 15: For link level simulation, at least [96] bits should be included for evaluation assumption of message size.
· The message size can be refined based on the discussion on maximum TBS.
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