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1.
Introduction

As per the revised LTE Work Item entitled “Revised WI proposal: LTE-based V2X Services” [2], LTE-based V2X (i.e. vehicle-to-vehicle, vehicle-infrastructure or vehicle-to-pedestrian) functionality is to be defined as part of Release 14. 
This contribution discusses RAN4 transmit core RF requirements impacts due to licensed band V2V in Release 14.

2.
Background

From [2], RAN4 has a mandate to investigate and complete the following objectives:

1) To specify other enhancements to PC5/Uu for V2X on the following aspects:
a) Support of UE maximum transmission power up to 33 dBm (considering the regulatory limit on the maximum e.i.r.p.) for PC5 in 5855 MHz ~ 5925 MHz [RAN4]
b) Simultaneous PC5 operations over multiple carriers that may or may not be adjacent [RAN4, RAN2].
c) Simultaneous Uu and PC5 operations in different carriers and configuring PC5 resources across carriers [RAN4, RAN1, RAN2]
2) To specify UE RF requirements including those for SL operation for licensed spectrum and for regional regulations [RAN4]
Issues identified in the Way Forward for V2V [3] are summarized below for reference:
a) Issue 1: MPR for PSCCH + PSSCH on adjacent/non-adjacent PRBs need further study

i) Considerations: Separate DFT pre-coder, PRB size and location constraints, PSD imbalance

b) Issue 2: A-MPR for PSCCH + PSSCH on adjacent/non-adjacent PRBs need further study

i) Considerations (in addition to MPR consideration): A-SEM, A-SE requirements in EN 302 571

c) Issue 3: Additional spurious emissions (Tx and Rx) for Region 1 requires further study

i) Consideration: Requirements are specified as EIRP and different based on antenna installation. This needs further study to convert to conducted requirements

d) Issue 4: Region 1 additional receiver blocking requirement of -30dBm at offset of +-50MHz from the channel center frequency needs further study

e) Issue 5: Further study impacts on RF requirements due to simultaneous PSCCH and PSSCH transmissions

i) E.g. configured transmit power (Pcmax), EVM

Furthermore, in RAN4#80bis, Way Forward documents were agreed in [9], [10] with regard to addressing outstanding V2V RF requirements in the 5.9 GHz unlicensed band as detailed below. Specifically, from [10]
· Protection limit with -30dBm captured in Table 6.6.3.2-1 with NOTE 38
· NOTE 38: Applicable when NS_XX is configured by the pre-configured radio parameters for power class 3 V2X UE.
· Protection limit with -65dBm captured in Table 6.6.3.2-1 with NOTE 39
· NOTE 39: Applicable maximum power reduction schemes when V2X UE is closing to the CEN DSRC tolling system. Need further discussion how to apply the MPR schemes
· FFS mechanism for UE to meet the CEN DSRC requirement with -65dBm.
· Option 1: Use new signaling type to allow upper layer signal physical layer when it detect toll station using the mandated detection technique.
· Option 2: NS_XX (-30dBm) and NS_XY(-65dBm) are applicable
· Option 3: Other mechanism is not precluded
· Mitigation technique for CEN DSRC protection
· Procedure to detect toll station location
· 4 different coexistence modes are defined
·  Section 5 ETSI TS 102 792
· FFS how to show compliance in 3GPP.
Furthermore, from the way forward document [9], with regard to ETSI reference sensitivity and blocking requirements:

· Assume a packet error rate (PER) of 10-1 for 1 000 octet frames
 




Assume stationary, non-fading channel conditions.
· Demonstrate by analysis that LTE V2V REFSENS meets 
ETSI requirements for QPSK and 16-QAM
· Background: ETSI V2V Blocking Requirement
· Shall be tested at ± 50 MHz, ± 100 MHz, and ± 200 MHz.
· The blocking level shall not be less than -30 dBm. [2]
· ETSI blocking requirement of -30 dBm is FFS.
2.1
Discussion

As shown in Table 1, ECC Decision (08)01 [3] defines the spectrum usage conditions in the frequency range 5 875 GHz to 5 905 MHz for non-safety ITS and proposes CEPT administrations to consider within a future review of the Decision to include the designation of the frequency sub-band 5905-5925 MHz for an extension of ITS spectrum. ECC Recommendation (08)01 [4] recommends the spectrum usage of the frequency range 5 855 MHz to 5 875 MHz for non-asfety ITS. The Commission Decision 2008/671/EC [5] mandates a harmonized use of the frequency band 5 875 MHz to 5 905 MHz dedicated to safety-related ITS applications throughout the member states of the European Union. Table 1 below summarizes the above spectral allocations for the 5.9 GHz band.
Table 1: 5.9 GHz ITS frequency band segmentation in Europe 
	Frequency band
	Frequency range
	Usage
	Regulation

	ITS-G5B
	5 855 MHz to 5 875 MHz
	ITS non-safety applications
	ECC Recommendation (08)01 [4]

	ITS-G5A
	5 875 MHz to 5 905 MHz
	ITS road safety
	Commission Decision
2008/671/EC [5],

ECC Decision (08)01 [3]

	ITS-G5D
	5 905 MHz to 5 925 MHz
	Future ITS applications
	ECC Decision (08)01 [3]


In the following, we review the impacts to 3GPP requirements of some of the regulatory conformance requirements specified in the harmonized standard draft EN 302 571 V2.0.3 (2016-03) [2], which applies to radio transmitters and receivers for ITS operating in the frequency range 5 855 MHz to 5 925 MHz in Europe.
2.2
Receiver Blocking
Blocking is a measure of the capability of the receiver to operate satisfactorily in the presence of an interfering signal within the frequency band. The ETSI harmonized standard mandates that the test be carried out with the interferer at ± 50 MHz, ± 100 MHz, and ± 200 MHz offsets. Blocking testing shall be performed at least at 6 different frequency offset positions. The manufacturer of the equipment can add additional frequency offsets positions. The blocking level shall not be less than -30 dBm. [2]. This blocking requirement is very stringent and significantly tighter than existing 3GPP blocking requirements. The following observations can be made with respect to this requirement.
Figure 1 illustrates the minimum blocking offset of 50 MHz relative to the 5.9 GHz ITS band. It can be seen that for a 10 MHz allocation in the 20 MHz bandwidth ITS-G5B non-safety band from 5.855 – 5.875 GHz, that the 50 MHz offset will have the blocking interferer fall within the ITS 70 MHz bandwidth (a similar argument applies to the ITS-G5D future applications band from 5.905 to 5.925 GHz). Thus to meet the ITS blocking requirement of -30 dBm, the equivalent 3GPP narrowband blocking requirement would apply. However, note that any 50 MHz offset applied to the ITS-G5A Road safety band of 5.875 to 5.905 GHz will fall outside of the ITS band. Thus for the ITS-G5A road safety band, the blocking requirement would be equivalent to the 3GPP out-of-band blocking requirement.
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Figure 1: Example 50 MHz blocking offsets relative to the ITS band.
It can also be noted that the blocking test for ETSI is specified relative to a desired signal at a level of 3dB above the sensitivity limit of Table 9 from [4], reproduced below for reference. For QPSK signals supported by LTE, the reference signal would then be at a level of -81 dBm, with a resulting dynamic range between the reference signal and the blocker of 51 dB. 
Table 9: ETSI ITS Receiver sensitivity [4]
	Modulation
	Coding rate
	Minimum sensitivity for 10 MHz channel spacing (dBm)

	BPSK
	1/2
	–85

	BPSK
	3/4
	–84

	QPSK
	1/2
	–82

	QPSK
	3/4
	–80

	16-QAM
	1/2
	–77

	16-QAM
	3/4
	–73

	64-QAM
	2/3
	–69

	64-QAM
	3/4
	–68


The in-band and out-of-band (OOB) blocking requirements of 3GPP UE’s are defined in TS36.101 [5], Tables 7.6.1.1-1, 7.6.1.1-2, 7.6.2.1D-2 and 7.6.2.1D-3. The power in the transmission bandwidth is set at a minimum of 6 dB above the reference sensitivity level for both in-band and OOB blocking. From the agreements captured in TR36.875 [6], the current agreed reference sensitivity level for V2V is -90.5 dBm. Thus the for 3GPP in-band blocking the reference signal level would be -84.5 dBm. From the 3GPP in-band blocking requirements, the tightest specification is at -38 dBm blocking, which is a difference of 46.5 dB, which is short of the ETSI requirement. For the out-of-band blocking specification, at a 50 MHz offset the blocking level is -44 dBm, resulting in a dynamic range of 40.5 dB, well short of the ETSI requirement. It should be noted that the 3GPP out-of-band blocking requirement at offsets of +/- 60 MHz is with respect to a blocking level of -30 dBm, and would meet the ETSI requirements if the offset was tightened to +/- 50 MHz.
Observation #1

· The ETSI ITS blocking requirement of -30 dBm at a frequency offset of +/- 50 MHz is equivalent to a 3GPP in-band blocking requirement for ITS-G5B and ITS-G5D bands, and is equivalent to a 3GPP out-of-band blocking requirement for the ITS-G5A safety band.
Observation #2

· The ETSI ITS blocking requirement of -30 dBm at a frequency offset of +/- 50 MHz exceeds equivalent in-band and out-of-band 3GPP blocking requirements.

Possible options for addressing the -30 dBm blocking requirement that were discussed at the RAN4#80bis meeting include:

· Option 1: Adjust AGC levels at the V2V receiver.

· Option 2: Tighten in band blocking requirement in Region 1
· Option 3: Separate in-band and OOB blocking requirement for non-safety and safety requirements
· Option 4: Combination of options 1, 2 or 3
No conclusive solution has been identified at this point, and as such it is proposed that further study be carried out to assess the applicability of the ETSI blocking requirement of  -30 dBm for the 5.9 GHz band. 
Proposal #1
· RAN4 further study the applicability of the ETSI ITS blocking requirement of -30 dBm at a frequency offset of +/- 50 MHz to equivalent in-band and out-of-band 3GPP blocking requirements in the 5.9 GHz band.

2.3

Receive Sensitivity
The ETSI receive sensitivities as specified in Table 9 from [4] (reproduced in section 2.2 above) specify modulations (BPSK and 64 QAM) that are not currently supported by Release 14 UE’s. However, for the supported modulations of QPSK and 16 QAM, the indicated reference sensitivities can be met since the specified 3GPP V2V reference sensitivity is currently defined as -90.5 dBm, which is more stringent than all the levels defined in the ETSI Table 9. It should be noted that for 3GPP, the reference sensitivity is defined with respect to the throughput being greater than 95% for defined fixed reference channels (FRCs) [5], whereas the ETSI reference sensitivity requirement is defined with respect to a 0.1 packet error rate for 1000 octet frames. Assuming a most optimistic case of a single 1 bit error producing a packet error, the ETSI requirement would translate into a BER of greater than or equal to 1.25 x 10-5. Furthermore, it can be noted that the 3GPP V2V reference sensitivity requirement of -90.5 dBm is 8.5 tighter than the most stringent ETSI requirement of -82 dBm for QPSK. The 3GPP requirement at -90.5 dBm at an error rate of 0.05 is based on FRCs defined in TS36.101. For V2V since there is no HARQ retransmission, the 5% throughput loss is equivalent to a block error rate of 5%. The plot in Figure 2 and the details in Table 1 below illustrate that the additional loss for converting from a 5% BLER to a 10% BLER is less than 0.3 dB. The typical FRC is based on resource block combinations supporting on the order of 6000-7000 bits, which is consistent with the 8000 bit block size that is specified by ETSI. Given the Reference Sensitivity margin of  > 8 dB of 3GPP requirements over those of ETSI it is clear that the ETSI reference sensitivity requirements will be easily met if the 3GPP reference sensitivity requirements are met.

Table 1: 5% versus 10% block error rate performance
	
	90%
	95%
	Diff

	QPSK 0.44
	0.8dB
	1.04dB
	0.24dB

	QPSK 0.58
	2.6
	2.88
	0.28

	16QAM 0.36
	4.5
	4.68
	0.18

	16QAM 0.47
	6.5
	6.68
	0.18

	16QAM 0.55
	8.5
	8.65
	0.15
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Figure 2: Typical FRC BLER curves for QPSK and 16QAM. 

Observation #3
· The ETSI modulation and coding formats supported by 3GPP V2V UEs meet the ETSI reference sensitivity requirements.
2.4
Additional Spurious Emissions for Region 1

As captured in the WF [3], issue 3 notes that ETSI spurious emissions requirements are specified as EIRP and different based on antenna installation. This needs further study to convert to conducted requirements. 
3GPP has extensively studied the issue of testing of conducted versus radiated performance testing as part of the over-the-air (OTA) and AAS feature specifications (see [7] and [8]). Detailed procedures for testing of radiated performance for both EIRP and total radiated power are defined in these documents. It is proposed that RAN4 investigate the use of the defined radiated conformance test procedures defined for OTA testing in [7] and [8] as a basis for testing the ETSI spurious emission requirements defined in terms of EIRP.
Proposal #2
· RAN4 study the applicability of using the 3GPP test procedures defined for radiated conformance testing as defined for OTA functionality as a basis for testing the ETSI spurious emission requirements defined in terms of EIRP.
3
Conclusions
The following conclusions should be taken into consideration when studying the impact of V2V functionality on UE RF requirements in the unlicensed band at 5.9 GHz:

Observation #1

· The ETSI ITS blocking requirement of -30 dBm at a frequency offset of +/- 50 MHz is equivalent to a 3GPP in-band blocking requirement for ITS-G5B and ITS-G5D bands, and is equivalent to a 3GPP out-of-band blocking requirement for the ITS-G5A safety band.
Observation #2

· The ETSI ITS blocking requirement of -30 dBm at a frequency offset of +/- 50 MHz exceeds equivalent in-band and out-of-band 3GPP blocking requirements.

Observation #3
· The ETSI modulation and coding formats supported by 3GPP V2V UEs meet the ETSI reference sensitivity requirements.
Proposal #1
· RAN4 further study the applicability of the ETSI ITS blocking requirement of -30 dBm at a frequency offset of +/- 50 MHz to equivalent in-band and out-of-band 3GPP blocking requirements in the 5.9 GHz band.

Proposal #2
· RAN4 study the applicability of using the 3GPP test procedures defined for radiated conformance testing as defined for OTA functionality as a basis for testing the ETSI spurious emission requirements defined in terms of EIRP.
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