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Introduction
In RAN4 #84, a CR has been agreed to reuse the same requirement as LTE intraband CA IBE requirement for V2X Intraband Multiple Carriers operation. We present in this paper several negative consequences of this agreement to system performance. As a result, we propose RAN4 to do further analysis on how to modify the LTE intraband CA IBE requirement to fit with the V2X use case.
LTE CA Requirements
The LTE IBE requirement for LTE CA intraband contiguous carriers is as follows.

For intra-band contiguous carrier aggregation bandwidth class B, C and D, the requirements in Table 6.5.2A.3.1-1 and 6.5.2A.3.1-2 apply within the aggregated transmission bandwidth configuration with both component carrier (s) active and one single contiguous PRB allocation of bandwidth  at the edge of the aggregated transmission bandwidth configuration.
Table 6.5.2A.3.1-1: Minimum requirements for in-band emissions (allocated component carrier)
	Parameter 
	Unit
	Limit
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-25
	Exception for IQ image 
(NOTE 3)

	Carrier leakage
	dBc
	-25
	Output power > 0 dBm
	Exception for Carrier frequency (NOTE 4)

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm  Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 9. The limit is evaluated in each non-allocated RB. 
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs
NOTE 3:	Exceptions to the general limit are allowed for up to [image: ] +1 RBs within a contiguous width of [image: ] +1 non-allocated RBs. The measurement bandwidth is 1 RB.
NOTE 4:	Exceptions to the general limit are allowed for up to two contiguous non-allocated RBs. The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in the non-allocated RB to the measured total power in all allocated RBs.


NOTE 5:	 is the Transmission Bandwidth (see Figure 5.6-1) not exceeding  

NOTE 6:	 is the Transmission Bandwidth Configuration (see Figure 5.6-1) of the component carrier with RBs allocated. 

NOTE 7:	 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 



NOTE 8:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  or  for the first adjacent RB outside of the allocated bandwidth). 

NOTE 9:	 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.



Table 6.5.2A.3.1-2: Minimum requirements for in-band emissions (not allocated component carrier)
	Para-meter
	Unit
	Meas BW
NOTE 1
	Limit
	remark
	Applicable Frequencies

	General
	dB
	
BW of 1 RB (180KHz rectangular)

	

	The reference value is the average power per allocated RB in the allocated component carrier 
	Any RB in the non allocated component carrier.
The frequency raster of the RBs is derived when this component carrier is allocated with RBs

	IQ Image
	dB
	
BW of 1 RB (180KHz rectangular)

	
-25
NOTE 2
	The reference value is the average power per allocated RB in the allocated component carrier
	
The frequencies of the contiguous non-allocated RBs are unknown.
The frequency raster of the RBs is derived when this component carrier is allocated with RBs

	Carrier leakage
	 dBc
	BW of 1 RB (180KHz rectangular)

	NOTE 3
	The reference value is the total power of the allocated RBs in the allocated component carrier
	The frequencies of the up to 2 non-allocated RBs are unknown.
The frequency raster of the RBs is derived when this component carrier is allocated with RBs

	
	
	
	-25
	Output power > 0 dBm
	
	

	
	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	
	

	
	
	
	-10
	-40 dBm  Output power < -30 dBm
	
	

	NOTE1:	Resolution BWs smaller than the measurement BW may be integrated to achieve the measurement bandwidth.


NOTE 2:	Exceptions to the general limit is are allowed for up to +1 RBs within a contiguous width of +1 non-allocated RBs. 
NOTE 3:	Two Exceptions to the general limit are allowed for up to two contiguous non-allocated RBs
NOTE 4:	NOTES 1, 5, 6, 7, 8, 9 from Table 6.5.2A.3.1-1 apply for Table 6.5.2A.3.1-2 as well.

NOTE 5:	 for measured non-allocated RB in the non allocated component carrier may take non-integer values when the carrier spacing between the CCs is not a multiple of RB.



From the cited requirement, we can make several observations:
1. CA requirement is only defined for bandwidth class B, C, D with some certain restricted RB allocations. (contiguous allocation at the edge of the combined bandwidth).
2. CA requirement is only defined for the case where the allocated RB is within one carrier.
3. CA requirement has an allowance for image leakage from the active carrier to the inactive carrier.
We will discuss bellows the implication of the above 3 observations on the V2X use case.
Analysis on RB allocation Restriction 
The analysis in the Section involves observation 1 and 2. In V2X multicarrier operation, the resource is chosen autonomously on different carriers. When the resource on different carriers happen to be in the same subframe, the discussion is ongoing in RAN1 on whether it’s up to the UE implementation to choose 1 of the carrier to transmit (and drop the transmission on other carriers) or to transmit simultaneously on multiple carriers depending on its capability. Even when the UE only transmit on one carrier at a time, the typical RB allocation following the resource selection procedure will not be at the edge of the combined bandwidth.
[bookmark: _GoBack]Thus, it is fair to conclude that most of the typical RB allocation in V2X is not covered in the current CA requirements. As a result, there is no way to guarantee a reasonable IBE performance in these cases. On the other hand, initial RAN1 evaluation has shown the V2X system performance (for single carrier operation) is very sensitive to IBE model. This is due to the decentralized nature of V2X transmissions, which leads to near-far effect at the receivers. This effect is expected to become even more severe for multiple carriers case.
At the end of the day, reusing existing CA requirement is a good starting point. But RAN4 need to do further study on how to revise such requirement to address V2X use case. We give our opinion in this direction on 2 aspects:
1. Number of simultaneous transmitting carriers: when there are more than 1 transmissions on multiple carrier in the same TTI, the RB allocations in these carriers are most likely non-contiguous. As a result, there will be IMD product between these allocations. These IMDs can fall in band of the combined bandwidth which creates emission spikes that are currently not captured in the IBE requirement. Specifying allowance for these spikes require substantial amount of simulations and measurements. Before making such a commitment in RAN4, we think it is fair to send and LS to RAN 1 to clarify if the system benefit of having concurrent transmissions in different carriers justifies the burden it put on RAN4. In the end, we think that any system gain coming from concurrent transmissions in different carriers will likely be negated by the fact that IMD emissions from that transmitter will disturb the receptions of the nearby receivers.
2. RB allocations: in our view, the restriction that the RB allocation has to be at the edge of the combined bandwidth is quite artificial, the purpose of which is to ease up the conformance validation. Hence, we see no issue on extending the same requirement to any allocated RB within one carrier.
3. Number of configured carriers: the current CA requirement only apply to bandwidth class B, C and D. For V2X, new bandwidth combination will be defined, so one need to extend the current requirement to these combinations as well. Furthermore, the requirement should also be extended to the case where the allocated RB is not at the edge of the combined bandwidth (for the case of more than 2 contiguous carrier).
Observation 1: further study is needed in RAN4 to adapt the current CA requirement to V2X use case. The covered allocated RB must include all typical V2X waveforms.
Proposal 1: send an LS to RAN1 to clarify if the benefit of having concurrent transmissions on more than one carrier is benefit enough to justify the work in RAN4 to specify IBE requirement for this case.
Proposal 2: extend the existing CA requirement to the case where the allocated RB is not in the edge combined bandwidth, but still in one of the 2 edge carriers.
Proposal 3: further study on how to extend existing CA requirement to the case where the allocated RB is not in the edge carrier for the case of more than 2 aggregated carriers. 
Image Leakage Limit to Inactive Carrier 
Another issue with CA requirement is that there is an image leakage limit to the inactive carrier, which is
	IQ Image
	dB
	
BW of 1 RB (180KHz rectangular)

	
-25
NOTE 2
	The reference value is the average power per allocated RB in the allocated component carrier
	
The frequencies of the contiguous non-allocated RBs are unknown.
The frequency raster of the RBs is derived when this component carrier is allocated with RBs



Compared to the specified image rejection ratio in the receiver side.
Table 7.10.1G-1: Receiver image rejection
	
	V2X Bandwidth Class

	Rx parameter
	Units
	A
	B
	C
	D
	E
	F

	Receiver image rejection
	dB
	
	[30]
	
	
	
	

	NOTE 1:	The requirement is applied for 2 carrier intra-concurrent recpetions when 2 carrier transmission are activated at the same time



We see that there is a discrepancy of 5dB.
Indeed, the specified image rejection ratio is the result of a system performance evaluation done in the scope of V2X WI. In that study, we assumed that there is only one active carrier at a time for each UE. The emission in the receiver side is hence ACLR, which is 30dBc, distributed flatly over the inactive carrier. The result show that under such Tx leakage assumption, image rejection lower than 30dBc can lead to significant packet reception loss. We think it is prudent to repeat a similar kind of experiment here, where the image rejection performance is fixed at 30dBc, and the image leakage coming from the transmission in one carrier to the other carrier is varied between 25dBc and 30dBc. The purpose is to find an operation point that at the same time guarantee acceptable system performance and also do not imposed a too tight requirement on UE implementation.
Proposal 4: RAN4 to conduct system simulation to find the appropriate value for the IQ leakage allowance.
Conclusions
Observation 1: further study is needed in RAN4 to adapt the current CA requirement to V2X use case. The covered allocated RB must include all typical V2X waveforms.
Proposal 1: send an LS to RAN1 to clarify if the benefit of having concurrent transmissions on more than one carrier is benefit enough to justify the work in RAN4 to specify IBE requirement for this case.
Proposal 2: extend the existing CA requirement to the case where the allocated RB is not in the edge combined bandwidth, but still in one of the 2 edge carriers.
Proposal 3: further study on how to extend existing CA requirement to the case where the allocated RB is not in the edge carrier for the case of more than 2 aggregated carriers. 
Proposal 4: RAN4 to conduct system simulation to find the appropriate value for the IQ leakage allowance.
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