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1 Introduction
This document is a text proposal to incorporate the RAN1 coexistence evaluations for NB-IoT into the RAN4 NB-IoT coexistence technical report TR 36.802. The proposal is to directly take from the endorsed RAN1 report in R1-157741 the contents of Section 9 (Observations on link level coexistence) and Annexe A.7 (Link level co-existence simulation results), and request RAN4 to consider incorporating them into e.g. an Annex of TR 36.802. We also propose to request inclusion of the agreed RAN1 simulation parameters in R1-156384 (in-band) and R1-156383 (guard-band).
Note that RAN4 has previously received the endorsed R1-157741 via being copied the LS in R1-157742.
2 Text Proposals
In this text proposal, the section numbers from R1-157741 are used directly, but RAN4 can replace these as necessary.

==Start Text Proposal to incorporate agreed observations (R1-157741)==

3 Observations on link level coexistence

3.1 Guard band operation

Uplink

A1. When the received SNR of the adjacent LTE UE is low (e.g. below 5dB), the LTE interference to the NB-IoT uplink is negligible for both the proposed SC-FDMA and FDMA+GMSK design options.

A2. When the received SNR of the adjacent LTE UE is high, the LTE interference to the NB-IoT uplink can be mitigated by scheduling for SC-FDMA based design option.
There are no results in this regard for the FDMA UL design.

A3. There is a negligible impact of guard band NB-IoT transmission on LTE PUCCH for both the proposed SC-FDMA and FDMA+GMSK design options.

Downlink

B1. The impact of NB-IoT downlink with 3.75 kHz subcarrier spacing to LTE downlink in guard-band operation mode can be significant when NB-IoT DL and LTE DL are separated by 0 kHz and the transmit power is 38 dBm. The impact is smaller when the transmit power is 35 dBm.

B2. The impact of NB-IoT downlink to LTE downlink in guard-band operation mode is reduced when the separation is increased, when it is possible to increase the separation.

B3. There is no impact of NB-IoT downlink to LTE downlink in guard-band operation mode for the 15 kHz subcarrier spacing.
B4. The impact of NB-IoT downlink with 3.75 kHz subcarrier spacing to LTE downlink in guard-band operation mode is negligible when NB-IoT DL and LTE DL are separated by 100 kHz from edge to edge. (FFS which transmit powers this observation is valid for).
3.2 In-band operation

Uplink

A1. When the received SNR of the adjacent LTE UE is low (e.g. below 5dB) , the LTE interference to the NB-IoT uplink is negligible for both the proposed SC-FDMA and FDMA+GMSK design options.

A2. When the received SNR of the adjacent LTE UE is high, the LTE interference to the NB-IoT uplink can be mitigated by scheduling for SC-FDMA based design option. 
· There are no results in this regard for the FDMA UL design.
A3. There is a negligible impact of guard band NB-IoT transmission on LTE PUCCH and PUSCH for both the proposed SC-FDMA and FDMA+GMSK design options.
Downlink

B1. If 15 kHz DL subcarrier spacing is used for NB-IoT system, it does not introduce any interference to LTE system, nor is there any interference from the LTE system to the NB-IoT system. 

No solutions have been evaluated for 3.75 kHz DL subcarrier spacing for NB-IoT system in in-band operation, considering the impact of interference to and from the CRS in normal subframes and control region of LTE.
==End Text Proposal to incorporate agreed observations==
==Start Text Proposal to incorporate endorsed simulation results (R1-157741)==
A.7 Link level co-existence simulation results
A.7.1 Guard-band

Table 1 Interference between LTE downlink and NB-IoT
	　

　

　

　

　

　
	LTE degradation 
	NB-IoT 3.75 kHz subcarrier spacing degradation

	
	0 kHz separation
	40 kHz separation
	100 kHz separation
	200 kHz separation
	0 kHz separation
	100 kHz separation
	180 kHz separation
	200 kHz separation

	Source 1

(R1-157453, R1-157407)
Notes: 1
　
	QPSK
	0dB power boosting
	
	
	　

　

　

-　

　

　
	
	negligible
	
	negligible
	

	
	
	3dB power boosting
	
	
	
	
	negligible
	
	negligible
	

	
	
	6dB power boosting
	<0.5
	negligible
	
	negligible
	negligible
	
	negligible
	

	
	
	35dBm power (i.e. 10.77 dB PSD boosting)
	2
	negligible
	
	negligible
	
	
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	5
	negligible
	
	negligible
	
	
	
	

	
	16QAM
	6dB power boosting
	>6dB
	0.2
	
	<0.5
	
	
	
	

	
	
	35dBm power (i.e. 10.77 dB PSD boosting)
	Cannot receive
	0.9
	
	<0.5
	
	
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	Cannot receive
	2
	
	<0.5
	
	
	
	

	Source 2

(R1-157335)

Notes: 2, 3
　
	PDSCH

Notes: 4
	Case 1
	0.9%
	
	0.1%
	-
	1% @ 144dB

0.8%@154dB
0.7% @164dB
	0.1%@ 144dB

0.1%@154dB
0% @164dB
	
	　-
　

	
	
	Case 2
	0.5%
	
	0%
	
	1.4%@ 144dB

1.1%@154dB
1.2% @164dB
	0.3%@ 144dB

0.1%@154dB
0% @164dB
	
	

	
	PDCCH
	
	0.03%
	
	0.01%
	
	
	
	
	

	Source 6
(R1-156880)

Note 1.
	LTE PDSCH (1PRB)

TBS 176

16QAM


	35dBm power (i.e. 10.77 dB PSD boosting)
	2.5dB
	
	0.4dB
	
	
	
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	Cannot

receive
	
	0,7dB
	
	
	
	
	

	
	LTE PDSCH

(10PRBs)

TBS 1384

QPSK
	35dBm power (i.e. 10.77 dB PSD boosting)
	0.1dB
	
	<0.1dB
	
	
	
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	0.2dB
	
	<0.1dB
	
	
	
	
	


Notes:

1.
SINR degradation at 10% BLER.

2.
BLER increment at SINR for 10% BLER without interference

3.
6 dB PSD boosting is assumed.

4.
LTE PDSCH, case 1: 1PRB/16QAM/176TBS; case 2: 10PRB/QPSK/1384

Table 2 Interference between LTE uplink and NB-IoT
	　

　

　
	LTE degradation 
	NB-IoT degradation

	
	0 kHz separation
	100 kHz separation
	200 kHz separation
	0 kHz separation
	100 kHz separation
	200 kHz separation

	Source 1
(R1-157452)
Notes: 1
　
	SC-FDMA
	negligible
	
	

	
	FDMA
	negligible
	
	

	Source 2
(R1-156473)
Notes: 2
	FDMA
	LTE PUCCH 1b
	0.01%@-10dB

0.01%@-5dB

0.02%@0dB

0.07%@5dB

0.1%@10dB

Notes: 3
	0%@-10dB

0%@-5dB

0.01%@0dB

0.02%@5dB

0.04%@10dB

Notes: 3
	0%@-10dB

0%@-5dB

0%@0dB

0%@5dB

0%@10dB

Notes: 3
	0%@144dB

0%@154dB

0.5%@164dB
	0%@144dB

0%@154dB

0%@164dB
	0%@144dB

0%@154dB

0%@164dB

	
	
	LTE PUCCH 2b
	0.01%@-10dB

0.03%@-5dB

0.05%@0dB

0.09%@5dB

0.16%@10dB

Notes: 3
	0%@-10dB

0.01%@-5dB

0.03%@0dB

0.06%@5dB

0.1%@10dB

Notes: 3
	0%@-10dB

0%@-5dB

0%@0dB

0.01%@5dB

0.04%@10dB

Notes: 3
	

	Source 5 (R1-157537)
	SC-FDMA
	
	
	
	Extreme coverage
	1.2dB@0dB,0
0dB@0dB,1

0.1dB@5dB,1

Notes: 4
	
	

	
	
	
	
	
	Extended coverage
	0.7dB@0dB,0

0dB@0dB,1

2.3dB@5dB,0
0.2dB@5dB,1

Notes: 4
	
	

	
	
	
	
	
	Normal coverage
	0.2dB@0dB,0

0dB@0dB,1

0.5dB@5dB,0

0dB@5dB,1

1.4dB@10dB,0

0.3dB@10dB,0

Notes: 4
	
	


Notes:

1.
Impacts on PUCCH 1b, SINR degradation at 10% BLER, assuming received NB-IoT SNR as 5dB.

2.
BLER increment at SINR for 10% BLER without interference

3.
BLER increment at SINR for 10% BLER without interference, at NB-IoT UE received SNR
4.       SNR increment for 10% BLER, at LTE UE received SNR and index which means separation from LTE PRBs with multiple of 30 kHz. 
A.7.2 In-band

	Table 3 Interference between LTE downlink and NB-IoT

　

　

　

　

　

　
	LTE degradation 
	NB-IoT degradation

	
	3.75 kHz subcarrier spacing
	15 kHz subcarrier spacing
	3.75 kHz subcarrier spacing

	Source 1

(R1-157415, R1-157416)
Notes: 1
　
	LTE PDSCH:

QPSK
10PRB

1384bitsTB
	0dB power boosting
	
	
	negligible

	
	
	3dB power boosting
	
	
	negligible

	
	
	6dB power boosting
	<0.5dB
	
	negligible

	
	
	35dBm power (i.e. 10.77 dB PSD boosting)
	<0.5dB
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	<0.5dB
	
	

	
	LTE PDSCH:

16QAM

1PRB

176bitsTB
	6dB power boosting
	3dB
	
	

	
	
	35dBm power (i.e. 10.77 dB PSD boosting)
	>8dB
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	>8dB
	
	

	Source 3
(R1-157445)

Notes: 1, 2
	LTE PDSCH
	LTE 1PRB
	2.5dB
	0dB
	

	
	
	LTE 10PRB
	0dB
	0dB
	

	
	LTE PDCCH
	
	0.8dB
	0dB
	


Notes:

1.
SINR degradation at 10% BLER.

2.
Same power is assumed for LTE sub-carriers and NB-IOT sub-carriers.

Table 4 Interference between LTE uplink and NB-IoT
	　

　

　
	LTE degradation 
	NB-IoT degradation

	
	SC-FDMA 2.5kHz subcarrier spacing
	SC-FDMA 15kHz subcarrier spacing
	FDMA
	SC-FDMA 2.5kHz subcarrier spacing
	SC-FDMA 15kHz subcarrier spacing
	FDMA

	Source 1
(R1-157413)
Notes: 1
　
	LTE PUSCH:

1PRB/16QAM
	NB-IoT 5dB received SNR
	Quite small
	negligible
	Quite small
	

	
	
	NB-IoT 15dB received SNR
	1dB
	negligible
	1dB
	

	
	
	NB-IoT 15dB received SNR, with transmit filter
	1dB
	
	

	
	LTE PUSCH:

10PRB/QPSK
	NB-IoT 5dB received SNR
	negligible
	
	negligible
	

	
	
	NB-IoT 15dB received SNR
	
	
	
	

	
	PUCCH 1b
	NB-IoT 5dB received SNR
	Quite small
	
	Quite small
	

	Source 2
(R1-156477)
Notes: 2
	LTE PUSCH:

1PRB

16QAM

176TBS

6dB SNR
	Scenario 1

Notes: 3
	
	
	0%@-4dB

0.3%@-2dB
0.5%@0dB

0.7%@2dB

0.9%@4dB

1.1%@6dB

1.3%@8dB

1.5%@10dB
Notes: 4
	
	
	1%@144dB

1%@154dB

1%@164dB

	
	
	
	
	
	
	
	
	

	
	
	Scenario 2

Notes: 3
	
	
	
	
	
	0%@144dB

0%@154dB

0%@164dB

	
	
	Scenario 3

Notes: 3
	
	
	
	
	
	1%@144dB

1%@154dB

1%@164dB

	
	LTE PUSCH:

10PRB

QPSK

1384TBS

1.7dB SNR
	Scenario 1

Notes: 3
	
	
	0%@-4dB

0%@-2dB
0.2%@0dB

0.3%@2dB

0.5%@4dB

0.7%@6dB

1.1%@8dB

1.4%@10dB
Notes: 4
	
	
	1%@144dB

0.5%@154dB

1%@164dB

	
	
	Scenario 2

Notes: 3
	
	
	
	
	
	0%@144dB

0%@154dB

0%@164dB

	
	
	Scenario 3

Notes: 3
	
	
	
	
	
	1%@144dB

0.5%@154dB

1%@164dB

	
	PUCCH 1b

-4.7dB sNR
	Scenario 1

Notes: 3
	
	
	0.01%@-10dB

0.02%@-5dB
0.06%@0dB

0.12%@5dB

0.19%@10dB

Notes: 4
	
	
	0%@144dB

0%@154dB

0.5%@164dB

	Source 4

(R1-156970)

Notes: 6
	Normal coverage
	0dB IF

Notes: 5
	0.5dB
	
	
	0.2dB
	
	

	
	
	3dB IF

Notes: 5
	1dB
	
	
	0.5dB
	
	

	
	
	6dB IF

Notes: 5
	2.6dB
	
	
	1.4dB
	
	

	
	Extreme coverage
	10dB IF

Notes: 5
	
	
	
	2.5dB
	
	

	
	
	20dB IF

Notes: 5
	
	
	
	8.5dB
	
	

	Source 5 (R1-157538)
	Extreme coverage
	
	
	
	1.2dB@0dB,0
0dB@0dB,1, 

Notes: 7
	
	

	
	Extended coverage
	
	
	
	0.8dB@0dB,0
0dB@0dB,1

2.1dB@5dB,0
0.2dB@5dB,3

Notes: 7
	
	

	
	Normal coverage
	
	
	
	0.2dB@0dB,0
0.2dB@0dB,1

0.5dB@5dB,0
0.3dB@5dB,1

1.4dB@10dB,0
0.6dB@10dB,1

Notes: 7
	

	

	Source 3
(R1-157445)
	LTE PUSCH:

1PRB

16QAM

176TBS
	Power
NB-IoT/LTE
=10dB
	0.2dB
	
	0.4dB
	
	
	

	
	
	Power
NB-IoT/LTE
=15dB
	0.4dB
	
	1.3dB
	
	
	

	
	LTE PUSCH:

10PRB

QPSK

1384TBS
	Power
NB-IoT/LTE
=15dB
	negligible
	
	negligible
	
	
	


Notes:

1.
Impacts on PUCCH 1b, SINR degradation at 10% BLER, assuming received NB-IoT SNR as 5dB.

2.
BLER increment at SINR for 10% BLER without interference

3.
For simulation of NB-IoT degradation, in scenario 1 and 3, the desired sub-channel of NB-IoT is placed closest to the LTE interferer, giving the worst-case performance, and in scenario 2, the desired sub-channel of NB-IoT is placed furthest away from LTE. For simulation of LTE degradation, in scenario 1, the NB-IoT is assumed to be placed closest to LTE PUSCH/PUCCH.

4.
BLER increment at SINR for 10% BLER without interference, at NB-IoT UE received SNR.

5.
IF means in-band interference, wherein ‘no IF’ means without in-band interference, and ‘~dB IF’ means with ~dB in-band interference.

6.
SINR degradation at 10% BLER. No guard band. 16QAM for LTE with 1 PRB are assumed.

7.
SNR increment for 10% BLER, at LTE UE received SNR and index which means separation from LTE PRBs with multiple of 30 kHz.
==End Text Proposal to incorporate endorsed simulation results==
==Start Text Proposal to incorporate agreed simulation assumptions (R1-156384 and R1-156383)==

Link-level evaluation assumptions for in-band deployment
	No.
	Parameter
	Value

	
	Common
	

	1. 
	LTE system bandwidth
	10 MHz

	2. 
	Base station total TX power
	46 dBm, shared by all LTE PRBs and NB-IoT

	3. 
	Base station antenna configuration
	2Tx, 2Rx

	4. 
	LTE PRB index for NB-IOT transmission
	10

	
	LTE downlink
	

	5. 
	Transmission mode
	For PDSCH: TM2

	6. 
	Number of OFDM symbols for PDCCH
	2

	7. 
	LTE PDCCH aggregation level
	1

	8. 
	Ratio of PDCCH RE energy to average RS RE energy
	0 dB

	9. 
	DCI format
	Format 1a

	10. 
	CSI-RS/IM configuration
	None



	11. 
	MBSFN subframe configuration
	None as baseline. Other values are not precluded

	12. 
	Number of scheduled PRBs
	1 (i.e. 1/N_DL^RB of BS power) on each side of scheduled NB-IoT
	10 (i.e. 10/N_DL^RB of BS power) 

	13. 
	LTE  PDSCH modulation
	16QAM
	QPSK

	14. 
	LTE  PDSCH TBS
	176
	1384

	15. 
	Channel estimation
	Realistic

	16. 
	Frequency hopping
	OFF

	
	LTE uplink
	

	
	Case 1
	

	17. 
	UE transmit power
	23dBm

	18. 
	Transmission mode
	For PUSCH: TM1 (no slot hopping)

	19. 
	Number of scheduled PRBs
	1
	10

	20. 
	LTE  PUSCH modulation
	16QAM
	QPSK

	21. 
	LTE  PUSCH TBS
	176
	1384

	22. 
	Channel estimation
	Realistic

	23. 
	Frequency hopping
	OFF

	
	Case 2
	

	24. 
	LTE PRB index for NB-IOT transmission
	In the first RB adjacent to PUCCH

	25. 
	UE transmit power 
	23 dBm

	26. 
	LTE PUCCH
	At least Format 1b

Companies can evaluate other format(s) also.

	27. 
	Number of PRBs for LTE PUCCH
	1, at edge of LTE system BW

	28. 
	Channel estimation
	Realistic

	29. 
	Frequency hopping
	OFF

	
	NB-IoT
	

	30. 
	UE transmit power
	23 dBm

	31. 
	Frequency error
	Realistic

	32. 
	UL timing error
	To be determined by PRACH performance

	33. 
	Power imbalance between NB-IoT UEs
	[TBD]

	
	Channel models
	

	34. 
	LTE channel model for LTE UEs
	Baseline: TU1 Hz

Optional: ETU5 Hz

	35. 
	NB-IoT channel model for NB-IoT UEs
	TU1 Hz


Notes: 

· Transmit/receive filter or windowing function for NB-IoT: Solution specific, to be declared (if used)

· The assumption of MBSFN subframe configuration may have impact on channel estimation, etc.

· CSI-RS configuration may have impact NB-IoT operation
· For NB-IoT analysis for the in-band case, it is assumed that 

· 10 downlink subframes are available in a frame, 1 PRB is available for NB-IoT in a subframe, and

· 4 downlink subframes are available in a frame, at least 1 PRB available for NB-IoT in a subframe

· This means that NB-IoT is not served in the other 6 subframes of the frame 

· Other number of PRBs are not precluded (especially considering the limitation of power boosting)

· Note: it is not intended to have restrictions biased towards any specific solution

· For LTE link level performance with and without interference from NB-IoT: evaluate SINR at 10% BLER for data channels and 1% BLER for broadcast and control channels.

· PRACH/PSS/SSS is not included in the above bullet.
It was also agreed that for LTE in-band evaluation, the power boosting value(s) as a coverage enhancement technique are 3 dB, 6 dB. For reference EPRE, equal power distributed across the number of PRB in the system is used.
Link-level evaluation assumptions for guard-band deployment

	No.
	Parameter
	Value

	
	Common
	

	36. 
	LTE system bandwidth
	10 MHz

	37. 
	Base station total TX power
	Case 1: 46 dBm, shared by all LTE PRBs and NB-IoT, using the same PA.

[TBD] dBm for NB-IoT

Case 2: 46 dBm for LTE shared by all LTE PRBs, and [e.g. 35, 38] dBm for NB-IoT, using separate PAs, and a cell layout for NB-IOT which includes at least some of the LTE cell sites.

In case 2, companies to declare the NB-IOT:LTE cell layout, e.g. 1:1, 1:3.

Companies can evaluate either or both of Case 1 and Case 2.

	38. 
	Base station antenna configuration
	2 Tx, 2 Rx

	39. 
	Separation between NB-IOT and LTE carriers
	WA: Baseline among {0 Hz, 200 kHz} (companies to indicate which is used)

Other values are not precluded.

The meaning of “separation” is specific to each solution and needs to be defined according to the relevant subcarrier spacing.



	
	LTE downlink
	

	40. 
	Transmission mode
	For PDSCH: TM2

	41. 
	Number of OFDM symbols for PDCCH
	2

	42. 
	LTE PDCCH aggregation level
	1

	43. 
	Ratio of PDCCH RE energy to average RS RE energy
	0 dB

	44. 
	DCI format
	Format 1a

	45. 
	PRBs allocated to PDSCH
	1 (i.e. 1/N_DL^RB of BS power)
	10 (i.e. 10/N_DL^RB of BS power)

	46. 
	LTE PDSCH modulation
	16QAM
	QPSK

	47. 
	LTE PDSCH TBS
	176
	1384

	48. 
	Channel estimation
	Realistic

	49. 
	Frequency hopping
	OFF

	
	LTE uplink
	

	50. 
	UE transmit power 
	23 dBm

	51. 
	LTE PUCCH
	At least Format 1b

Companies can evaluate other format(s) also.

	52. 
	Number of PRBs for LTE PUCCH
	1, at edge of LTE system BW

	53. 
	Channel estimation
	Realistic

	54. 
	Frequency hopping
	OFF

	
	NB-IoT
	

	55. 
	UE transmit power 
	23 dBm

	56. 
	Frequency error
	Realistic

	57. 
	UL timing error
	To be determined by PRACH performance

	58. 
	Power imbalance between NB-IoT UEs
	[TBD]

	
	Channel models
	

	59. 
	LTE channel model for LTE UEs
	Baseline: TU1 Hz

Optional: ETU5 Hz

	60. 
	NB-IoT channel model for NB-IoT UEs
	TU1 Hz


Notes:

· Transmit/receive filter or windowing function: Solution specific, to be declared (if used).

· In case 2, the coexistence evaluation is for the co-located LTE and NB-IOT transmissions. The evaluation for case 2 can also include interference between NB-IOT and non-co located LTE for DL and UL.

· For LTE link level performance with and without interference from NB-IoT: evaluate SINR at 10% BLER for data channels and 1% BLER for broadcast and control channels.

· PRACH/PSS/SSS is not included in the above bullet.
==End Text Proposal to incorporate agreed simulation assumptions==

