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<Start of changed request>
7
V2V receiver characteristics

7.1
Reference sensitivity power level

The reference sensitivity power level REFSENS is the minimum mean power applied to the UE antenna connector at which the throughput shall meet or exceed 95% of the maximum throughput of the reference measurement channels.

The V2V UE REFSENS for V2V UE is defined by the following equation: 

REFSENSV2V=kTB + SNRV2V +10log10(LCRB/NRB) +( NFV2V+ IM)
Where

-
kTB: Thermal noise level in units of dBm. -104 dBm and -101 dBm can be used for 10MHz and 20MHz V2V requirements, separately .
-
NF: Noise figure. [13] dB is used for LAA and can be reused for V2V requirements.

-
IM: [2.5] dB is assumed.

-
10log10(LCRB/NRB) : 10log10(50/50) = 0dB for 10MHz CBW, and 10log10(98/100) = -0.09dB for 20MHz CBW

-
SNRV2V: [-2.0]dB for 10MHz and [-2.0] dB for 20MHz are proposed at 95% throughput from the company simulation results in 3GPP TR 36.942 [4].

Based on the above parameters, REFSENS requirement is calculated as [-90.5] dBm for 10MHz BW, and [-87.6] dBm for 20MHz BW.

When the UE is configured for E-UTRA V2X reception non-concurrent with E-UTRA uplink transmissions for E-UTRA V2X operating on Band 47, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes [A.8.2] in TS36.101 with parameters specified in Table 7.1-1.

Table 7.1-1: Reference sensitivity for V2V standalone operation

	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
	
	
	
	[-90.5]
	
	[-87.6]
	TDD

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

NOTE 2:
The signal power is specified per port.


7.1.1
Region 1 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 equipement 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. It is required that at the sensitivity input signal level, the frame error rate is at most 10% with fixed frame size of 1000 bytes, i.e. 8000 bits. The exact values of the Regional Required Sensitivity can be found in Table 7.1.1-2.
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 calculate based on the same parameters listed in Section 7.1 with SNRV2V defined  as the demodulation  SNR level required to achieve 10% frame error rate at the corresponding MCS.
The frame is defined as a PDU frame in LTE-V2V and RLC segmentation/de-segmentation is used when PDU size is larger than the Transport Block Size (TBS) of one TTI to 1) segment a frame into multiple TTIs if the TBS is smaller than frame size; and 2) padding 0 bits to the last TTI of the frame to match the TBS. If multiple TTIs are used for one PDU frame, the frame is correctly received if all the corresponding TTIs are successfully received. If the PDU frame size is smaller than 1 TTI TBS for maximum RB allocation, partial RB allocation will be used. 
The TBS for each TTI is defined based on the target coding rate and the number of channel bits according to the algorithm described in Annex C. To this end, it is noted that the number of channel bits is defined with respect to the transmission time, which is allowed to vary in ETSI. Thus, in order to be consistent, it is appropriate to not include the last symbol in the TTI, which is not used for transmission, in the calculation of number of channel bits. With these considerations in mind, we propose the following reference measurement channels: 
Table 7.1.1-1 Fixed Reference Channel for Region 1 specific V2V receiver requirements

	Parameter
	Unit
	Value

	Name
	
	FRC.1
	FRC.2
	FRC.3
	FRC.4

	Channel bandwidth
	MHz
	10
	10
	10
	10

	Allocated resource blocks
	
	48
	48
	27
	36

	Subcarriers per resource block
	
	12
	12
	12
	12

	TTIs per period
	
	2
	2
	1
	1

	PDU frame per period
	
	1
	1
	1
	1

	Modulation
	
	QPSK
	QPSK
	16QAM
	16QAM

	Target Coding Rate
	
	3/4
	1/2
	3/4
	1/2

	Transport Block Size
	
	7480
	4968
	8760
	8248

	Transport block CRC
	Bits
	24
	24
	24
	24

	Number of Code Blocks per Sub-Frame
	
	2
	1
	2
	2

	Maximum number of HARQ transmissions
	
	1
	1
	1
	1

	Binary Channel Bits per subframe
	Bits
	10368
	10368
	11664
	15552

	Max. Throughput averaged over 1 period of 100ms
	kbps
	80
	80
	80
	80

	UE Category
	
	≥ 1
	≥ 1
	≥ 1
	≥ 1

	Note 1: 
2RBs allocated to SA transmission and 4 symbols allocated to RS.

Note 2: 
Throughput (in kbps) will depend on SA period configuration.

Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).




The link level simulation results with respect to the FRC defined in Table 7.1.1-2 are captured bellows
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Figure 7.1.1-1. SNR vs Frame Error Rate of FRC.1
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Figure 7.1.1-2. SNR vs Frame Error Rate of FRC.2
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Figure 7.1.1-3. SNR vs Frame Error Rate of FRC.3
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Figure 7.1.1-4. SNR vs Frame Error Rate of FRC.4
Based on the simulation results, the expected Region1 specific sensitivity level of LTE-V2V are
Table 7.1.1-2 Expected Region 1 specific V2V sensitivity
	E-UTRA ProSeBand
	Channel Bandwidth
	Modulation
	Coding Rate
	Sensitivity (dBm)
	Regional Required Sensitivity (dBm)
	Requirement Margin (dBm)
	Duplex Mode

	47
	10MHz
	BPSK
	1/2
	Not supported
	-85
	Not supported
	TDD

	
	
	
	3/4
	Not supported
	-84
	Not supported
	

	
	
	QPSK
	1/2
	[-89.7]
	-82
	7.7
	

	
	
	
	3/4
	[-85.6]
	-80
	5.6
	

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

	
	
	
	3/4
	[-78.4]
	-73
	5.4
	

	
	
	64QAM
	1/2
	Not supported
	-69
	Not supported
	

	
	
	
	3/4
	Not supported
	-68
	Not supported
	

	NOTE 1:
Reference measurement channel are as in Table 7.1.1-1
NOTE 2:
The signal power is specified per port.

NOTE 3:   PDCP PDU size is 8000 bits, with RLC segmentation/desegmentation enabled.

NOTE 4:   The throughtput shall be ≥ 90% of the maximum throughput of the reference measurement channels.
NOTE 5:   The regional requirements are from Table 9 of [9]. No sensitivity level is required for unsupported MCS as specified in Clause 5.3.8 of [9]


We can see clearly that all the Region 1 specific sensitivity requirements can be met with large margin. 
<Unchanged sections are omitted>
7.3
Adjacent Channel Selectivity (ACS)
Adjacent Channel Selectivity (ACS) is a measure of a receiver's ability to receive an E-UTRA signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. 
ACS reflects the digital domain filter attenuation capability, which is model together with ACLR in ACIR. Based on PRR metric, the system performance with interference from LTE and DSRC are evaluated separately in case 2 and case 4 of the co-existence study. 

In co-existence study, positive and negative offset X value are considered with the existing LTE ACS requirement. Based on the simulation results, it can be seen that using exiting ACS value, for both LTE UE to V2V UE and DSRC UE to V2V UE urban interference scenarios, PRR loss is less than 5%. Therefore, it is proposed that the same ACS values shall be kept unchanged for V2V.

As 10MHz is typical channel bandwidth used in the V2V band, the interferer bandwidth shall be changed to 10MHz instead of 5MHz. 

Table 7.3-1: 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 7.3-2: 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 7.3-3: 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.


7.3.1
Region 1 Selectivities

For Region 1, there are additional selectivity requirements that are specified in [9]
Table [9]: 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 7.3.1-1 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 in the Regional Required Sensitivity column in Table 7.1.1-2, all the corresponding values can be computed and gathered in table 7.3.1-1. 
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Figure 7.3.1-1. Illustration of Region 1 Selectivity Conformance Test
Table 7.3.1‑1: 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 7.3.1-1, 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 and IM is 2.5dB as assumed in Section 7.1. The expected decode signal strength of V2V and the margin to the required decoded signal strength is captured in Table 7.3.1-2. Note that by conformance requirements, the required decode signal strength is set at 3dB higher than the regional required sensitivity. 
Table 7.3.1‑2. 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 7.3.1-2. 
Table 7.3.1‑3: 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 7.3.1-4. 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 7.3.1‑4 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


<Unchanged sections are omitted>
Annex B (Informative):
Reference Sensitivity requirements for V2V communication

For the Rx RF core part requirements, the most important requirement in 3GPP is REFSENS since all the other Rx RF requirements are based on REFSENS level. To make REFSENS requirements in RAN4 RF room, target SNR should be evaluated in RAN4. 

The proposed simulation assumption for REFSENS requirements are defined in Table B-1 .

Table B-1: REFSENS Simulation assumptions for V2V UE

	V2V Test/Simulation
parameter
	Proposals

	
	Rx RF characteristics

	AGC settling time
(not used for demodulation)
	QPSK: 1 symbol

	Tx EVM
	10%

	UE RRC state
	Not required for simulation purpose. Will be needed
when test procedure is defined, and is FFS

	Propagation channel
	Static : H = [ 1; 1]

	Doppler spectrum
	N/A

	Timing error
(Sync reference and V2V Tx)
	[±12Ts]

	Frequency error
(Sync reference and V2V Tx)
	±[600]Hz

	HARQ retransmissions
	 0

	Performance metric
	SNR @ 5% BLER

	Note 1.
The details of the parameters in square brackets above can be discussed over email prior to the next meeting to align the simulation assumptions and results.
Note 2.
Since the objective of REFSENS is to verify RF FE NF, there is no OCNG for partial RB cases (consistent with BS specifications).
Note 3.
Same timing and frequency errors Sync reference and V2V Rx are considered to derive simulation results


Table B-2. REFSENS RMC

	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks (Note 1)
	
	
	
	
	48
	
	96

	Subcarriers per resource block
	
	
	
	
	12
	
	12

	Packets per SA period
	
	
	
	
	1
	
	1

	Modulation
	
	
	
	
	QPSK
	
	QPSK

	Target Coding Rate
	
	
	
	
	[1/3]
	
	[1/3]

	Transport Block Size
	
	
	
	
	3496
	
	6968

	Transport block CRC
	Bits
	
	
	
	24
	
	24

	Number of Code Blocks per Sub-Frame
	
	
	
	
	1
	
	2

	Maximum number of HARQ transmissions
	
	
	
	
	[1]
	
	[1]

	Binary Channel Bits per subframe
	Bits
	
	
	
	11520
	
	23040

	Max. Throughput averaged over 1 SA
period of 100ms (Note 2)
	kbps
	
	
	
	34.96
	
	69.68

	UE Category
	
	
	
	
	≥ 1
	
	≥ 1

	Note 1:
2RBs allocated to SA transmission and 4 symbols allocated to RS.

Note 2:
Throughput (in kbps) will depend on SA period configuration.
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).


The details of the parameters in square brackets above can be discussed over email prior to the next meeting to align the simulation assumptions and results.

Annex C (Informative): Algorithm to Determine Payload Size
The algorithm for determining the payload size A is as follows; given a desired coding rate R and radio block allocation NRB

1. Calculate the number of channel bits Nch that can be transmitted during the first transmission of a given sub-frame.

2. Find A such that the resulting coding rate is as close to R as possible, that is,
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subject to 

a) A is a valid TB size according to section 7.1.7 of TS 36.213 [6] assuming an allocation of NRB resource blocks. 

b) C is the number of Code Blocks calculated according to section 5.1.2 of TS 36.212 [5].

3. If there is more than one A that minimizes the equation above, then the larger value is chosen per default and the chosen code rate should not exceed 0.93. 

<End of changed request>
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