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1 Introduction
BS receiver sensitivity requirement was discussed in last meeting and WF was approved in [1]. This contribution discusses other receiver requirements based on [1].
2 Discussion
2.1 Dynamic Range

The dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received channel bandwidth. The interfering signal level inside the received channel bandwidth is expressed as Iot (Interference over thermal) and can reuse LTE requirement of 20dB for NB-IoT.
For standalone operation, the interfering signal level and wanted signal level are:
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For in-band and guard band operation, existing LTE requirement can be reused but the AWGN bandwidth needs to be extended from current Transmission bandwidth configuration (
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) to channel bandwidth (
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) to cover the guard band operation.
2.2 In-channel selectivity

In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density. Since all the supported UL modulation orders are not very high, in-channel selectivity requirement can be not specified and applied for NB-IoT in-channel. For guard band operation, the LTE RBs with high order modulation and high signal level would not be symmetric with NB-IoT carrier(s) in guard band, so this requirement can also not be applied.
This requirement can be only applied for in-band operation and current interfering signal in LTE requirement can be reused for NB-IoT.
2.3 ACS/Blocking
Co-existence simulations are performed between NB-IoT and GSM/UMTS/LTE systems. These simulation results in [2] can be the reference to define ACS/blocking requirements.
ACS/Blocking definition for standalone operation is summarized in Table 1 and illustrated in Figure 1. The interfering signal type for ACS can be NB-IoT. Wide ACS interfering signal like LTE and UMTS has no need to be defined because narrow ACS interfering signal is enough according to co-existence simulation. Blocker signal can reuse that in LTE and MSR requirements. Same desensitivity is also assumed to be reused for NB-IoT wanted signal but it will be revisited after REFSENS is determined.
Table 1 ACS/Blocking requirement for standalone operation
	Wanted signal
	Interfering signal
	ACS/Interfering signal level
	frequency offset between RF bandwidth edge and interfering signal center frequency
	Wanted signal desensitivity
	Note

	Standalone NB-IoT
	NB-IoT
	45 dB
	100kHz
	6 dB
	ACS

	
	5M LTE
	-43 dBm in 36.104
-40 dBm in 37.104
	7.5MHz
	6 dB
	In-band blocking

	
	RB of LTE
	-49 dBm
	240kHz
	6 dB
	Narrow-band blocking
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Figure 1 Interfering signal in the receiver for NB-IoT BS

For in-band and guard band operation, ACS/Blocking interfering signal level can reuse that in existing LTE requirement as illustrated in Figure 1 and summarized in Table 2. NB-IoT interfering signal could be unnecessary to be defined because co-existence simulation is already approved it will be durable for LTE carrier. 
Table 2 ACS/Blocking requirement for in/guard band operation
	Wanted signal
	Interfering signal
	Interfering signal level
	frequency offset between LTE channel edge and interfering signal center frequency
	Wanted signal desensitivity
	Note

	LTE with in-band or guard band NB-IoT
	5M LTE
	-43 dBm
	2.5M
	6 dB
	ACS

	
	5M LTE
	-52 dBm
	7.5M
	6 dB
	In-band blocking

	
	RB of LTE
	-49 dBm
	Dependent on CBW
	6 dB
	Narrow band blocking


Additional blocking requirements for co-location with other base stations in LTE and MSR specification can be reused for NB-IoT standalone and in-band/guard band operation.
2.4 Receiver spurious emission
Existing RX spurious emission requirement comes from the regulation, so it can be reused for NB-IoT in both 36.104 and 37.104.
2.5 Receiver intermodulation
Receiver intermodulation requirement for standalone operation can reuse the requirement for GSM/EDGE in MSR specification. The requirements are proposed to be defined as in Table 3.
Table 3 RX IMD requirement for Standalone operation
	Wanted signal
	Interfering signal
	Interfering signal level
	frequency offset between RF bandwidth edge and interfering signal center frequency
	Wanted signal desensitivity
	Note

	Standalone NB-IoT
	CW
	-48 dBm
	7.575 MHz
	6 dB
	General intermodulation

	
	5M LTE
	-48 dBm
	17.5 MHz
	
	

	
	CW
	-52 dBm
	340 kHz
	6 dB
	Narrow-band intermodulation

	
	RB of LTE
	-52 dBm
	880 kHz
	
	


For in-band and guard band operation, existing interfering signal in LTE requirements can be reused for NB-IoT. 
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7.2
Receiver characteristics

7.2.2Dynamic Range

The dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received channel bandwidth. The interfering signal level inside the received channel bandwidth is expressed as Iot (Interference over thermal) and can reuse LTE requirement of 20dB for NB-IoT.
For standalone operation, the interfering signal level and wanted signal level are:


[image: image6.wmf]10

17410log2096

intfchannel

PBWNFdBm

=-+++=-



[image: image7.wmf]10

17410log20

wantedwanted

PBWNFSINRIM

=-+++++

 depend on the SINR value
For in-band and guard band operation, existing LTE requirement can be reused but the AWGN bandwidth needs to be extended from current Transmission bandwidth configuration (
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7.2.3In-channel selectivity

In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density. Since all the supported UL modulation orders are not very high, in-channel selectivity requirement can be not specified and applied for NB-IoT in-channel. For guard band operation, the LTE RBs with high order modulation and high signal level would not be symmetric with NB-IoT carrier(s) in guard band, so this requirement can also not be applied.

This requirement can be only applied for in-band operation and current interfering signal in LTE requirement can be reused for NB-IoT.
7.2.4ACS/Blocking
Co-existence simulations are performed between NB-IoT and GSM/UMTS/LTE systems. These simulation results in [2] can be the reference to define ACS/blocking requirements.

ACS/Blocking definition for standalone operation is summarized in Table 1 and illustrated in Figure 1. The interfering signal type for ACS can be NB-IoT. Wide ACS interfering signal like LTE and UMTS has no need to be defined because narrow ACS interfering signal is enough according to co-existence simulation. Blocker signal can reuse that in LTE and MSR requirements. Same desensitivity is also assumed to be reused for NB-IoT wanted signal but it will be revisited after REFSENS is determined.

Table 1 ACS/Blocking requirement for standalone operation
	Wanted signal
	Interfering signal
	ACS/Interfering signal level
	frequency offset between RF bandwidth edge and interfering signal center frequency
	Wanted signal desensitivity
	Note

	Standalone NB-IoT
	NB-IoT
	45 dB
	100kHz
	6 dB
	ACS

	
	5M LTE
	-43 dBm in 36.104

-40 dBm in 37.104
	7.5MHz
	6 dB
	In-band blocking

	
	RB of LTE
	-49 dBm
	240kHz
	6 dB
	Narrow-band blocking
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Figure 1 Interfering signal in the receiver for NB-IoT BS

For in-band and guard band operation, ACS/Blocking interfering signal level can reuse that in existing LTE requirement as illustrated in Figure 1 and summarized in Table 2. NB-IoT interfering signal could be unnecessary to be defined because co-existence simulation is already approved it will be durable for LTE carrier. 
Table 2 ACS/Blocking requirement for in/guard band operation
	Wanted signal
	Interfering signal
	Interfering signal level
	frequency offset between LTE channel edge and interfering signal center frequency
	Wanted signal desensitivity
	Note

	LTE with in-band or guard band NB-IoT
	5M LTE
	-43 dBm
	2.5M
	6 dB
	ACS

	
	5M LTE
	-52 dBm
	7.5M
	6 dB
	In-band blocking

	
	RB of LTE
	-49 dBm
	Dependent on CBW
	6 dB
	Narrow band blocking


Additional blocking requirements for co-location with other base stations in LTE and MSR specification can be reused for NB-IoT standalone and in-band/guard band operation.
7.2.5 Receiver spurious emission

Existing RX spurious emission requirement comes from the regulation, so it can be reused for NB-IoT in both 36.104 and 37.104.
7.2.6Receiver intermodulation
Receiver intermodulation requirement for standalone operation can reuse the requirement for GSM/EDGE in MSR specification. The requirements are proposed to be defined as in Table 3.
Table 3 RX IMD requirement for Standalone operation
	Wanted signal
	Interfering signal
	Interfering signal level
	frequency offset between RF bandwidth edge and interfering signal center frequency
	Wanted signal desensitivity
	Note

	Standalone NB-IoT
	CW
	-48 dBm
	7.575 MHz
	6 dB
	General intermodulation

	
	5M LTE
	-48 dBm
	17.5 MHz
	
	

	
	CW
	-52 dBm
	340 kHz
	6 dB
	Narrow-band intermodulation

	
	RB of LTE
	-52 dBm
	880 kHz
	
	


For in-band and guard band operation, existing interfering signal in LTE requirements can be reused for NB-IoT. 
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