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1 Introduction

At RAN1#82bis and through the following email discussion, agreements were made upon the evaluation assumptions with respect to the in-band operation mode, which were summarized by Rapporteur in [1]. 
The link-level co-existence performance between FDMA based NB-IoT uplink and LTE uplink in in-band operation mode is examined in this contribution, including:

· LTE PUSCH performance with and without interference from FDMA based NB-IoT uplink data channel;
· LTE PUCCH performance with and without interference  from FDMA based NB-IoT uplink data channel;
· FDMA based NB-IoT uplink data channel performance with and without interference from LTE PUSCH;
· FDMA based NB-IoT uplink data channel performance with and without interference from LTE PUCCH.
The link-level co-existence evaluations between FDMA based NB-IoT uplink and LTE uplink in guard-band operation mode are provided in our companion contribution [2].
2 Evaluations
The simulation settings fully comply with the agreed evaluation assumptions in[1].

2.1 NB-IoT performance with interference from LTE
In this subsection, the impact on NB-IoT caused by leakage from adjacent LTE PRBs is investigated. The NB-IoT configurations associated with different coverage enhancement levels used in the evaluations are shown in Table 1.

Table 1. NB-IoT Configurations
	Configuration
	Coupling loss(dB)
	Sub-channel spacing
	Target SNR

	1
	144
	40 kHz (i.e. 16x bonding)
	4.5dB

	2
	154
	5 kHz (i.e. 2x bonding)
	4.2dB

	3
	164
	2.5 kHz
	-3.5dB


We first focus on the case where NB-IoT is interfered by adjacent LTE PUSCH(s). Three scenarios are studied which are depicted in Figure 1. 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.

[image: image1.emf]LTE

PUSCH

180kHz

LTE

PUSCH/PUCCH

NB-IoT

Desired sub-

channel

Scenario  1

Scenario  2

Scenario  3

NB-IoT

Desired sub-

channel

180kHz

LTE

PUSCH

NB-IoT

Desired sub-

channel

LTE

PUSCH

180kHz


Figure 1. Scenarios for different in-band deployments

The two LTE PUSCH configuration cases  as defined in [1] are considered, which are re-captured in Table 2. 

Table 2. LTE PUSCH/PUCCH configurations
	Case
	PUSCH 

case1
	PUSCH

 case2
	PUCCH (Format 1b)

	Num of scheduled PRBs
	1
	10
	1(at edge of system BW)

	Modulation
	16QAM
	QPSK
	QPSK

	TBS
	176
	1384
	\


The typical target SNR considered in the simulation for PUSCH case 1 is 6 dB whereas for PUSCH case 2 is 1.7 dB.  The BLER performance of NB-IoT with and without interference is shown in Table 3. It is observed that the interference impact on BLER performance of NB-IoT is negligible in all the three deployment scenarios. 
Table 3. BLER performance of NB-IoT with interference from LTE PUSCH, target SNR = 6 dB.
	Coupling loss (dB)
	Without interference
	Case 1
	Case 2

	
	
	Scenario 1
	Scenario 2 
	Scenario 3 
	Scenario 1
	Scenario 2 
	Scenario 3 

	144
	10%
	11%
	10%
	11%
	11%
	10%
	11%

	154
	9%
	10%
	9%
	10%
	9.5%
	9%
	9.5%

	164
	10%
	11%
	10%
	11%
	11%
	10%
	11%


The BLER performance of FDMA based NB-IoT uplink with interference from LTE PUCCH is also evaluated, which is shown in Table 4. Only Scenario 1 in Figure 1 is considered because it is believe to be the worst case. The target SNR for LTE PUCCH with Format 1b is assumed to be -4.7 dB in the evaluations.
Table 4. BLER performance of NB-IoT with interference from LTE PUCCH
	Coupling loss (dB)
	Without interference
	With interference

	144
	10%
	10%

	154
	10%
	10%

	164
	10%
	10.5%


It can be seen that there is almost no visible change for the BLER performance with/without interference from LTE PUCCH. 
Observation 1: The impact of LTE interference to the FDMA based NB-IoT uplink performance is negligible in in-band operation mode.
2.2 LTE performance with interference from NB-IoT
The impact in the opposite direction (i.e. NB-IoT interfering LTE) is evaluated also. The placements of LTE PUSCH/PUCCH and NB-IoT assumed in our evaluations are shown in Figure 2. 36 NB-IoT uplink sub-channels each with 5kHz sub-channel spacing are assumed to be simultaneously transmitted. The typical range of the received SNR for the uplink signal with 5kHz sub-channel spacing would be lower than 10 dB.
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Figure 2. NB-IoT placements
The simulation results for the same two cases for LTE PUSCH are shown in Table 5.  It is observed that the impact to the BLER performance of LTE PUSCH is very limited for both of the two cases in the typical range of the SNR value for the uplink signal with 5kHz sub-channel spacing. Only when the NB-IoT SNR exceeds 8 dB, the BLER performance of LTE PUSCH case 1 will increase to larger than 10% but still very close to 10%.
Table 5. LTE PUSCH BLER with or without NB-IoT interference
	
	No interference
	NB-IoT SNR (dB)

	
	
	-4
	-2
	0
	2
	4
	6
	8
	10

	Case 1
	8.8%
	8.8%
	9.1%
	9.3%
	9.5%
	9.7%
	9.9%
	10.1%
	10.3%

	Case 2
	8.6%
	8.6%
	8.6%
	8.8%
	8.9%
	9.1%
	9.3%
	9.7%
	10%


Table 6. LTE PUCCH BER with or without NB-IoT interference 
	No interference
	NB-IoT(dB)

	
	-10
	-5
	0
	5
	10

	0.79%
	0.8%
	0.81%
	0.85%
	0.91%
	0.98%


In Table 6, the impact of NB-IoT data channel on LTE PUCCH is shown. It is observed that the performance degradation of LTE PUCCH due to the interference of NB-IoT is insignificant in the typical range of the SNR value for the uplink signal with 5kHz sub-channel spacing. 
It is noted that the eNB scheduler can schedule no uplink transmission in the NB-IoT sub-channels that are adjacent to LTE PUSCH/PUCCH, with the uplink capacity target being still met as shown in our companion contribution [3]. In this case, the impact caused by the mutual interference will be further reduced.

Observation 2: The impact of FDMA based NB-IoT uplink to LTE PUSCH/PUCCH is very limited in in-band operation mode. 
3 Conclusions
In this document, simulation results for co-existence performance between FDMA based NB-IoT uplink and LTE PUSCH/PUCCH in in-band operation are presented. The following observations are made: 
Observation 1: The impact of LTE interference to the FDMA based NB-IoT uplink performance is negligible in in-band operation mode.

Observation 2: The impact of FDMA based NB-IoT uplink to LTE PUSCH/PUCCH is very limited in in-band operation mode. 
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