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1 Introduction
This TP is revised based on discussions/text proposals in the following contributions:
[1] R4-1609374
TP for 36.786: Meeting ETSI RX regulatory requirements
Huawei, Hisilicon

[2] R4-1610428
CR for meeting ETSI harmonize standard Rx requirements
Qualcomm Europe Inc. (France)

[3] R4-1609632
RF Requirements for V2V in unlicensed Bands
Ericsson
[4] R4-1609373
Discussion on meeting ETSI RX regulatory requirements
Huawei, Hisilicon

2 Text Proposal for TR36.786 v0.1.0
5.3
Receiver characteristics

5.3.1
REFSENS

Based on the agreed 3dB boosting in SA compare to PSDCH, RAN4 revised REFSENS requirements as below Table 5.3.1-1
Table 5.3.1-1: Reference sensitivity 

	Channel bandwidth

	E-UTRA 

ProSe Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	47
	
	
	
	[-90.4]
	
	[-87.5]
	TDD

	NOTE 1:
Reference measurement channel is defined in A.8.2 in TS36.101. 

NOTE 2:
The signal power is specified per port.


5.3.1.1
Region 1 Regulatory Sensitivities
The regional requirements are defined with respect to different combinations of modulation and target coding rate. The requirement only applies to the set of modulation and target coding rates (MCS) that the equipment supports. Thus, for V2X, regional sensitivity requirements only applies to 4 combinations: QPSK, target rate 1/2; QPSK, target rate 3/4; 16QAM, target rate 1/2; 16QAM, target rate 3/4. The only supported channel bandwidth is 10MHz. 

3GPP methodology is to define only one reference sensitivity with respect to QPSK modulation and target coding rate of 1/3. The purpose of this is to test Noise Figure and Implementation Margin of UEs. Given the same Noise Figure and Implementation Margin, the expected sensitivity level of other MCSs can be calculated based on the same parameters with SNRV2V defined as the demodulation SNR level required to achieve 10% frame error rate at the corresponding MCS. The simulation results for the required demodulation SNR can be found in Figure 5.3.1.1-1, Figure 5.3.1.1-2 and Figure 5.3.1.1-3. The coding rate in the simulation is the information bits compare to the effective channel bits.
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Figure 5.3.1.1-1 SNR simulation results for LTE V2V from [1]
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Figure 5.3.1.1-2 SNR simulation results for LTE V2V from [2]
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Figure 5.3.1.1-3 SNR simulation results for LTE V2V from [3]
Table 5.3.1.1-1 shows the comparison of regulatory sensitivity and LTE V2V sensitivity. From the results, it is observed that LTE V2V can meet Region 1 regulatory sensitivity requirements with large margin.
Table 5.3.1.1-1 Comparison of regulatory sensitivity and LTE V2V sensitivity
	Modulation
	Coding rate
	Sensitivity requirement in EN 302 571 (dBm)
	Sensitivity for V2V from [1] (dBm)
	Margin (dB)
	Sensitivity for V2V from [2] (dBm)
	Margin (dB)

	QPSK
	1/2
	-82
	-90.01
	8.01
	[-89.7]
	7.7

	QPSK
	3/4
	-80
	-86.50
	6.5
	[-85.6]
	5.6

	16-QAM
	1/2
	-77
	-83.85
	6.85
	[-83]
	6

	16-QAM
	3/4
	-73
	-80.30
	7.3
	[-78.4]
	5.4


5.3.2
CEN DSRC Protection
To protect operation of electronic toll collection in the frequency band 5 795 MHz to 5 815 MHz from harmful

interference, mitigation techniques have to be implemented as defined in ETSI TS 102 792. Different co-existence

modes to protect CEN DSRC and HDR DSRC are defined in ETSI TS 102 792.

5.3.2.1
Normal mode

ECC/DEC(08)01 [i.2], ECC/REC(08)01 [i.3], and ETSI EN 302 571 [i.5] regulate output power level and unwanted

emissions for ITS stations (see table 5.2). Operation limited only by these requirements is referred to as normal mode.

Table 5.3.2.1-1: RX blocking for Normal mode
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NOTE: Some ITS-G5A/B/D channels have other limits for the output power level, see ETSI EN 302 571 [i.5],

clause 6.3.
5.3.2.2
Coexistence mode

In coexistence mode additional restrictions apply. These restrictions apply to output power level, unwanted emissions

and transmit timing. The restrictions are designed to decrease the interference from ITS stations to a level which implies

no harmful performance degradation of CEN DSRC based toll stations.

An ITS station may be designed to operate in coexistence mode all the time.

Four different coexistence modes, designated A, B, C, and D are defined (see table 5.3). An ITS station shall choose

one of these modes when applicable.
Table 5.3.2.1-1: RX blocking for Coexistence mode
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5.3.3
ACS
Adjacent Channel Selectivity (ACS) requirement for V2V is specified in TS 36.101 as below. As 10MHz is typical channel bandwidth used in the V2V band, the interferer bandwidth shall be changed to 10MHz instead of 5MHz. 

Table 5.3.3-1: Adjacent channel selectivity for V2X

	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4
MHz 
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	ACS
	dB
	
	
	
	33.0
	
	27.0


Table 5.3.3-2: Test parameters for Adjacent channel selectivity for V2X, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	PREFSENS_V2X + 14 dB

	PInterferer
	dBm
	
	
	
	REFSENS +45.5dB
	
	REFSENS +39.5dB

	BWInterferer 
	MHz
	
	
	
	10
	
	10

	FInterferer (offset)
	MHz
	
	
	
	10+0.0125

/

-10-0.0125
	
	15+0.0075

/

-15-0.0075

	NOTE 1:
The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211.


Table 5.3.3-3: Test parameters for Adjacent channel selectivity for V2X, Case 2

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	
	
	
	-56.5
	
	-50.5

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	
	
	
	10
	
	10

	FInterferer (offset)
	MHz
	
	
	
	10+0.0125

/

-10-0.0125
	
	15+0.0075

/

-15-0.0075

	NOTE 1:
The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of TS36.211.


5.3.3.1
Region 1 Regulatory Selectivities
For Region 1, there are additional selectivity requirements that are specified in EN 302 571.
Table : Limits for receiver adjacent channel rejection,
alternate adjacent channel rejection, and blocking

	Modulation
	Coding rate
	Adjacent channel rejection (dB)
	Alternate adjacent channel rejection (dB)

	BPSK
	1/2
	16
	32

	BPSK
	3/4
	15
	31

	QPSK
	1/2
	13
	29

	QPSK
	3/4
	11
	27

	16-QAM
	1/2
	8
	24

	16-QAM
	3/4
	4
	20

	64-QAM
	2/3
	0
	16

	64-QAM
	3/4
	-1
	15


The selectivity requirements are specified for each combination of Modulation order and target coding rate as two values adjacent channel rejection (ACR) and alternate adjacent channel rejection (A-ACR). The definitions of ACR and A-ACR are as bellows:

The adjacent channel rejection is a measure of the capability of the receiver to operate satisfactorily in the presence of a signal in the adjacent channel, which differs in frequency from the wanted signal by ± 10 MHz.

The alternate channel rejection is a measure of the capability of the receiver to operate satisfactorily in the presence of a signal in the alternate adjacent channel, which differs in frequency from the wanted signal by ± 20 MHz.

In figure 5.3.3.1-1 is an illustration of the selectivity conformance test described in Clause 5.3.7 of [9]. The wanted signal is set at 3dB above the sensitivity level and the interference signal is set at ACR dBc above the wanted signal, i.e.

Psignal = Psensitive + 3 (eq. 1)

Pinterf = Psensitive + 3 + ACR (dBm). (eq. 2)

Taking Psensitive values for each MCS as defined by the Regional Required Sensitivity, all the corresponding values can be computed and gathered in table 5.3.3.1-1. 
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Figure 5.3.3.1-1. Illustration of Region 1 Selectivity Conformance Test

Table 5.3.3.1‑1: Region 1 ACR Conformance Test Parameters
	Modulation
	Coding rate
	Regional Required Sensitivity (dBm)
	ACR (dB)
	Pinterf (dBm) (eq. 2)

	BPSK
	1/2
	-85
	15
	-66

	BPSK
	3/4
	-84
	14
	-66

	QPSK
	1/2
	-82
	13
	-66

	QPSK
	3/4
	-80
	11
	-66

	16-QAM
	1/2
	-77
	8
	-66

	16-QAM
	3/4
	-73
	4
	-66

	64-QAM
	2/3
	-69
	0
	-66

	64-QAM
	3/4
	-68
	-1
	-66


Given the parameter setting in Table 5.3.3.1-1, the remaining interference power after being antenuated is

Pinterf, remained = Pinterf – ACS = -66 – 33 = -99 (dBm)

The total noise and interference power is hence

PI + N = 10 * log10( 10^(-9.9) + 10^(-9.1)) = -90.4 (dBm)

Where noise floor is -91dBm coming from thermal noise of -104dBm and noise figure of 13dB. The expected minimum decodable input signal level can be computed as

Pdecode = PI + N + SNRV2V + IM = -87.9 + SNRV2V (dBm)
Where SNRV2V is defined base of the demodulation simulation results in Section 7.1.1 TS 36.101 and IM is 2.5dB. The expected decode signal strength of V2V and the margin to the required decoded signal strength is captured in Table 5.3.3.1-2. Note that by conformance requirements, the required decode signal strength is set at 3dB higher than the regional required sensitivity. 
Table 5.3.3.1‑2. Expected V2V Selectivity Performance
	Modulation
	Coding rate
	Required Decode Signal  Strength (dBm)
	Expected Decode Signal Strength (dBm) 
	Margin 



	BPSK
	1/2
	-81
	Not Supported

	BPSK
	3/4
	-80
	Not Supported

	QPSK
	1/2
	-79
	-89.1
	10.1

	QPSK
	3/4
	-77
	-85
	8

	16-QAM
	1/2
	-74
	-82.6
	8.6

	16-QAM
	3/4
	-70
	-77.8
	7.8

	64-QAM
	2/3
	-66
	Not Supported

	64-QAM
	3/4
	-65
	Not Supported


For A-ACR, the interferer is assumed to be at 20MHz frequency offset from the channel center. Eventhough 3GPP does not specify corresponding Alternative ACS, the selectivity level is expected to be much (at least of order a few dB) higher than ACS. Let’s re-use the ACS value for this case as a pessimistic estimation. Following the same approach and replacing ACR values with the corresponding A-ACR, we can calculate the ETSI conformance test parameters. The calculated values are captured in Table 5.3.3.1-3. 
Table 5.3.3.1‑3: Region 1 A-ACR Conformance Test Parameters
	Modulation
	Coding rate
	Regional Required Sensitivity (dBm)
	A-ACR (dB)
	Pinterf (dBm)

	BPSK
	1/2
	-85
	31
	-50

	BPSK
	3/4
	-84
	30
	-50

	QPSK
	1/2
	-82
	29
	-50

	QPSK
	3/4
	-80
	27
	-50

	16-QAM
	1/2
	-77
	24
	-50

	16-QAM
	3/4
	-73
	20
	-50

	64-QAM
	2/3
	-69
	16
	-50

	64-QAM
	3/4
	-68
	15
	-50


Following the same approach as before, the remaining interference power after being antenuated is

Pinterf, remained = Pinterf – ACS = -50 – 33 = -83 (dBm)

The total noise and interference power is

PI + N = 10 * log10( 10^(-8.3) + 10^(-9.1)) = -82.5 (dBm)

The expected minimum decodable input signal level can be computed as

Pdecode = PI + N + SNRV2V + IM = -80 + SNRV2V (dBm)

With IM assumed to be 2.5dB. With this input, the expected decode signal strength for V2V in alternate selectivity conformance test and the margin w.r.t. to the required decode signal strength are captured in Table 5.3.3.1-4. Note that even though the margin is only 0 or 16QAM code rate 3/4, the realistic margin will be much higher since we assume very pessimistic A-ACS value here.
Table 5.3.3.1‑4 Expected V2V Alternate Selectivity Performance
	Modulation
	Coding rate
	Required Decode Signal  Strength (dBm)
	Expected Decode Signal Strength (dBm)
	Margin



	BPSK
	1/2
	-81
	Not Supported

	BPSK
	3/4
	-80
	Not Supported

	QPSK
	1/2
	-79
	-86.3
	7.3

	QPSK
	3/4
	-77
	-82.3
	5.3

	16-QAM
	1/2
	-74
	-79.6
	5.6

	16-QAM
	3/4
	-70
	-70
	0

	64-QAM
	2/3
	-66
	Not Supported

	64-QAM
	3/4
	-65
	Not Supported
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