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1 Introduction
According to RAN4 meeting #53[1, 2], discussion on how to specify the unwanted emissions (including operating band unwanted emission and ACLR) for LTE-A BS is required. In this contribution, we provide some considerations on this topic, and a corresponding draft text proposal to the TR36.815.
2 Discussion
2.1 Operating band unwanted emission
According to [5], LTE-Advanced BS RF requirements should consider the following component carrier aggregation scenarios:
- 
Intra-band contiguous Component Carrier aggregation
- 
Intra-band non contiguous Component Carrier aggregation
-   Inter-band non contiguous Component Carrier aggregation
For contiguous multi-carrier scenario, it is described in the Annex F.2 of TS 36.104 [3] that:

For a multi-carrier E-UTRA BS transmitting a group of carriers of different channel bandwidths (≥5 MHz), the channel bandwidth of the outermost carriers should be considered for ACLR and Operating band unwanted emission requirements. That is, the corresponding requirements for the channel bandwidth of each of the outermost carriers should be applied at the respective side of the group of transmitted carriers shown as Fig.1.
Fig 1.Unwanted emissions requirements for multi-carrier BS of different E-UTRA channel bandwidths
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And the rationale behind the above guidance is described in Section 10 of TR 36.942 [4]. We recommend the above principle to be applied for Advanced EUTRA BS. The analysis for Operating band unwanted emission taking all CA scenarios into account is shown as below in details.
· Intra-band contiguous CA scenario 
While BS transmitting a group of aggregated CCs(≥5 MHz), the channel bandwidth of the outermost carriers should be considered for operating band unwanted emission requirements described in TS 36.104 [3]. From a co-existence point of view, this guideline means that multi-carrier BS should not cause larger interference to adjacent systems than single carrier BS.
For the channel bandwidth of the outermost carriers is smaller than 5 MHz, the operating unwanted emission requirements could be too strict to satisfy if the corresponding requirements of the outmost carriers (<5MHz) defined in [3] are applied. In this case, the operating band unwanted emission requirements for the channel bandwidth
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5MHz would be applied at the respective side of the group of transmitted carriers. 
Fig 2 Operating band unwanted emission mask for intra-band contiguous CA scenario
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Therefore, for contiguous CA scenario, as the aggregated bandwidth is always larger than 5MHz, one set of operating band unwanted emission limit is defined for all bandwidths, and the limit would follow the same requirement defined in TS 36.104 subclause 6.6.3.1-3 (Category A limits) or subclause 6.6.3.2-3 (Category B limits), shown as Fig2. This gives a generic OOB emission limit that is applied for all BS in intra-band contiguous CA scenario, irrespective of how the BS is configured in terms of bandwidths, number of carriers, resource block allocations etc. 
The architecture of single or multiple PA and BS total Tx power have an impact on the unwanted emission. Thus we provided some typical PSD of DL signals in CA deployment scenario #11 with different RF configurations listed in Table1. The arrangement of available RBs is assumed to be (6+100+100+6) RB within 40MHz bandwidth. Meanwhile PSD for an E-UTRA carrier of 20MHz bandwidth was provided as a reference. The parameters of the OFDM TX signals are defined in line with [6].
Table 1 LTE-A &LTE DL signal simulation assumption
	 Scenario
	RB Arrangement
	 No. of PA
	BS total Tx Power/dBm

	#11: Single-band Contiguous spec. alloc @ Band 7 for FDD

DL: 2x20 MHz CCs
	(6,100,100,6)
	One PA
	46 

	
	
	Two PAs (each PA supports a CC)
	46 

	20MHz E-UTRA carrier
	(100)
	One PA
	46

	Note: it is assumed that the PSD of each CC is the same for CA #11.


Fig 3.PSD for CA scenario #11 and 20MHz E-UTRA carrier (total Tx power : 46dBm)
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The following conclusions can be made:
1. From Fig3, it shows that the operating band unwanted emission for 2*20MHz contiguous aggregated bandwidth could fulfill the requirements defined in TS36.104 subclause 6.6.3.1-3, in both cases of employing one and two PAs. However, compared with using one PA RF architecture, the unwanted emissions is lower while using the 2-PA RF architecture. The result could be expected. The reason is that no additional intermodulation product generated from the interaction of the two CCs for 2-PA RF architecture. 
2. Compared with a 20MHz single carrier, the unwanted emission level for 40MHz bandwidth (with 2 PAs) decreased. This is primarily due to two reasons. On one hand, it was assumed that the same 46dBm BS power level for both 40MHz and 20MHz bandwidth. Thus the absolute unwanted emission limit will provide a relaxation for 40MHz bandwidth, since the signal PSD decreases for a wider bandwidth. This also makes it possible to allow higher BS power levels. On the other hand, 2-PA RF architecture was applied for 40MHz bandwidth with each of them supporting a single 20MHz CC. Therefore no additional intermodulation product would be generated. 
· Intra-band non-contiguous CA scenario 

For this CA scenario, the unwanted emission requirements should be applied to the minimum BW that covers all component carriers that BS operates simultaneously, i.e. the BW that spans across the two outermost carriers. And the two outermost carriers at the respective side should be considered for operating band unwanted emission requirements, and should meet the same limits defined in TS 36.104 section 6.6.3. The requirements for any of the gaps in carrier allocation which might be owned by other operator should satisfy co-existence requirement, and could be define as the sum of corresponding SEM of two CCs, shown as Fig 4.

Fig 4 Unwanted emission mask for intra-band non contiguous CA scenario
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The unwanted emission for CA deployment scenario #5 was evaluated with RF configurations listed in Table2. It is assumed that two noncontiguous 5MHz CCs are aggregated with 5MHz gap between them. Each CC has 25 available RBs.
Table 2LTE-A DL signal simulation assumption for CA scenario #5
	Aggregation scenario
	RB Arrangement
	No. of PA
	BS total Tx Power/dBm
	Gap between CCs

	#5: Single-band non-contiguous spec. alloc. @ Band 8 for FDD

DL: Non-contiguous 5 MHz + 5 MHz CCs
	(25,25)
	1 PA
	46
	5MHz

	
	
	2 PA
	46
	

	Note: it is assumed that the power spectral density of each CC is the same


The simulation results are shown as below. 
Fig 5. PSD for CA scenario #5 with 1/2 PAs (total Tx power : 46dBm)
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The following observations could be obtained:
1. From Fig5, it shows that for CA#5 scenario, the unwanted emission at the respective side satisfies the unwanted emission requirement defined in TS 36.104 subclause 6.6.3.1-3, regardless of the PA number. 
2. Compared with 2-PA RF architecture, the unwanted emissions with single PA is higher. For single PA case, there are two "lumps" at each side, which is due to 3rd intermodulation generated by the interaction of the two CCs. However, these "lumps" can be reduced by applying certain linearity technologies or multiple PA RF architecture. For the unwanted emission at the 5MHz gap between two CCs, it would satisfy co-existence requirement as well. 
· Inter-band non-contiguous CA scenario 

The emission limits in each band in which the BS operates simultaneously should be determined independently from each other and meet corresponding requirements in TS 36.104. This can be justified by the assumption of having separate PAs operating in each band.
2.2 Adjacent Channel Leakage power Ratio (ACLR)
TS 36.104 [3] has provided some guidelines to specify the ACLR requirement for Multicarrier BS. We recommend keeping this requirement for Advanced E-UTRA BS and using the same 45 dB value for both ACLR1 and ACLR2. Meanwhile, the principle of defining ACLR requirements should keep consistent with the unwanted emission requirements for CA scenarios.  
· Intra-band contiguous CA scenario

Similar with the discussion of the SEM for intra-band contiguous CA scenario, the ACLR requirements for the channel bandwidth of the outer most carrier should be applied at either side of the operating band. For bandwidth of the outermost carriers that is smaller than 5MHz is FFS. 

· Intra-band non-contiguous CA scenario
The two outermost carriers at the respective side should be considered for ACLR requirements, and should meet the same limits defined in TS 36.104 section 6.6.2. For the gaps in carrier allocation, there is no need to define ACLR here, the limits can be covered by the corresponding operating band unwanted emission requirements.
· Inter-band non-contiguous CA scenario

For inter-band non-contiguous CA scenario, ACLR requirements for each E-UTRA carrier that the BS operates simultaneously should be determined independently from each other. 
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3 Text Proposal
It is proposed that the attached Text Proposal is included in 36.815.
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5.4.2 Transmitter Characteristic
<Text will be added.>

5.4.2.6 Unwanted emissions
<Text will be added.>
5.4.2.1 Adjacent Channel Leakage power Ratio (ACLR)
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.

The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification.
The requirement applies during the transmitter ON period.
According to TS 36.104 requirement, the ACLR would be defined taking account of all CA scenarios: 
· Intra-band contiguous CA scenario

For the Advanced EUTRA BS transmitting a group of carriers of channel bandwidths (≥5 MHz), the channel bandwidth of the outermost carriers should be considered for ACLR requirements. The case for the channel bandwidth (<5MHz) of the outermost carriers is FFS. 

· Intra-band non-contiguous CA scenario
The two outermost carriers at the respective side should be considered for ACLR requirements, and should meet the same limits defined in TS 36.104 section 6.6.2. For the gaps in carrier allocation, there is no need to define ACLR, the limits can be covered by the corresponding operating band unwanted emission requirements..

· Inter-band non-contiguous CA scenario
ACLR requirements for each E-UTRA carrier that the BS operates simultaneously should be determined independently from each other and meet the requirements in TS 36.104 section 6.6.2. 

The rationale behind the above requirements for Advanced E-UTRA BS is described in [x].
5.4.2.2 Operating band unwanted emission
The principle of defining operating band unwanted emission is inherited from E-UTRA. For intra-band contiguous & intra-band noncontiguous CA scenario, it is defined from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band. For inter-band carrier aggregation scenario, the above principle should be applied to each band in which the BS operates simultaneously.
The unwanted emission limits in the part of the downlink operating band that falls in the spurious domain are consistent with ITU-R Recommendation SM.329. 

Emissions shall not exceed the maximum levels specified in the tables below, where:

-
(f is the separation between the channel edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.

-
f_offset is the separation between the channel edge frequency and the centre of the measuring filter.

-
f_offsetmax is the offset to the frequency 10 MHz outside the downlink operating band.

-
(fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.

For a multicarrier E-UTRA BS the definitions above apply to the lower edge of the carrier transmitted at the lowest carrier frequency and the higher edge of the carrier transmitted at the highest carrier frequency. 
The operating band unwanted emission requirements for LTE-Advanced BS should consider the following component carrier aggregation scenarios and reuse much of current E-UTRA requirements in TS 36.104:
- 
Intra-band contiguous Component Carrier aggregation

- 
Intra-band non contiguous Component Carrier aggregation
-   Inter-band non contiguous Component Carrier aggregation
· Intra-band contiguous CA scenario

As the aggregated bandwidth is larger than 5MHz, only a single operating band unwanted emission limit is defined for all bandwidths. That is the corresponding requirements for the channel bandwidth
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5MHz would be applied at the respective side of the group of transmitted carriers. This gives a generic OOB emission limit that is applied for all BS, irrespective of how the BS is configured in terms of bandwidths, number of carriers, resource block allocations etc.

· Intra-band non-contiguous CA scenario

The unwanted emission requirements should be applied to the minimum BW that covers all component carriers that BS operates simultaneously, i.e. the BW that spans across the outermost carriers. And the outermost carriers at the respective side should be considered for operating band unwanted emission requirements. And requirements for any of the gaps in carrier allocation would be relaxed and defined as the sum of the SEM of two CCs located at each side of the gap. 
· Inter-band non-contiguous CA scenario

The emission limits in each band in which the BS operates simultaneously should be determined independently from each other. This can be justified by the assumption of having separate PAs operating in each band.
<End of the text proposal>
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