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1 Introduction
Core performance requirements for carrier aggregation are now being discussed in RAN4, and Band 1 and Band 40 have been identified for contiguous carrier aggregation. Although the availability of contiguous spectrum up to 40MHz in Band 1 is not clear, there has been 50MHz contiguous spectrum allocated in Band 40, primarily for indoor coverage. The first LTE-A deployment with contiguous carrier aggregation enabled would highly possible be in band 40. Considering contiguous CA as one of the key features enabling high peak data rate for LTE-A, it’s beneficial for the whole industry if the related technique aspects are investigated and evaluated with the real deployment scenarios considered.
It was agreed in RAN4 #56 [1] to develop the BS requirements for both 50 MHz and 40 MHz aggregated channel bandwidth in band 40 in Release-10 timeframe. At the UE side, it was proposed [3] to develop the requirements for 40MHz for CA_40 for the first phase, with eventual goal for 50MHz.
This paper analyzes the possible carrier aggregation scenarios in band 40 taking the evolution of UE capabilities into account. A text proposal is attached for approval. We propose to capture the analysis in Annex A of 36.808 to facilitate future work on CA solution for Band 40, especially at BS side. 
2 Discussion
For contiguous CA at both BS and UE, the aggregated channel bandwidth impacts the analogue RF bandwidth capabilities while the number of E-UTRA carriers participated in contiguous CA determine the digital complexities at baseband. The bandwidth and number of carriers jointly impact the complexity of the digital IF part in the transceiver subsystem at BS. 

Regarding 50MHz, it’s clear that there has to be at least 3 component carriers configured in the total bandwidth. The BS Tx/Rx requirements in existing 36 and 37 series core specifications have been defined with regards to the channel edges of the lowest and highest carries. Therefore, supporting of contiguous carrier aggregation in 50MHz bandwidth in BS is more like an implementation and configuration issue.
Comparing with BS, the commercial UE is much more sensitive to cost, complexity, as well as battery drain speed. Considering the current status and quick development of semiconductor technologies in the near future, it could be a pragmatic assumption to start from supporting 2 carriers at UE side in Rel-10, with the consideration of supporting 3 carriers in baseband and up to 50MHz in the RF analogue part for the future.
The UE capability will evolve in a progressive manner. The default Rel-8 UE RF capability is 20MHz for one carrier. We assume that UE with RF capability up to 40M which accommodates 2 E-UTRA carriers in baseband are emerging. The next stage will be the UE with RF capability beyond 50MHz which accommodates 3 carriers in baseband. 
Text proposal is attached to facilitate further discussions. 
3 Conclusion
It’s proposed to capture the scenario analysis in the Annex A of 36.808.
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A.2
Intra - band Contiguous CA

Intra-band contiguous scenarios for the Rel-10 CA WI are shown in Table A.2-1.

Table A.2-1 Intra-band contiguous CA

	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CA_40
	40
	2300
	–
	2400
	501
	2300
	–
	2400
	501
	TDD

	CA_1
	1
	1920
	–
	1980
	40
	2110
	–
	2170
	40
	FDD

	Note 1: BS requirements will be developed for both 50 MHz and 40 MHz aggregated channel BWs for the CA_40 scenario in release-10 timeframe


A.2.1 Analysis of carrier aggregation scenarios for 50MHz in band 40

For contiguous CA at both BS and UE, the aggregated channel bandwidth impacts the analogue RF bandwidth capabilities while the number of E-UTRA carriers participated in contiguous CA determines the digital complexities at baseband. The aggregated channel bandwidth and number of carriers jointly impact the complexity of the digital IF part in the transceiver subsystem at BS. 

Regarding 50MHz, it’s clear that there has to be at least 3 component carriers configured in the total bandwidth. The BS Tx/Rx requirements in existing 36 and 37 series core specifications have been primarily defined with regards to the channel edges of the lowest and highest carries. Therefore, supporting of contiguous carrier aggregation in 50MHz bandwidth in BS is more like an implementation and configuration issue.

Comparing with BS, the commercial UE is much more sensitive to cost, complexity, as well as battery drain speed. Considering the current status and quick development of semiconductor technologies in the near future, it could be a pragmatic assumption to start from supporting 2 carriers at UE side in Rel-10, with the consideration of supporting 3 carriers for up to 50MHz in the RF analogue part for the future. Particularly for the RF analogue part, there are more challenges at the transmitter than for receiver.
The UE capability will evolve in a progressive manner. The default Rel-8 UE RF capability is 20MHz for one carrier. We assume that UE with RF capability up to 40M in one RF chain (particularly for transmitter) which accommodates 2 E-UTRA carriers in baseband are emerging. The next stage will be the UE with single RF capability beyond 50MHz which accommodates 3 carriers in baseband.
As for the UE RF receiver, the DC interference introduced by LO leakage shall be avoided for ZIF receiver. In Rel-8, an unused sub-carrier is required at the centre of the received downlink signal in frequency domain. This can be achieved in Rel-10 if the component carriers are configured as symmetric with regards to UE receiver. Please note it’s not necessary to configure the all carriers in BS in a symmetric manner with regards to BS transmitter because there are scenarios that not all the BS transmitted carriers are processed by one UE receiver. See scenario 5 in Figure A.2.1.2.
There are solutions to mitigate or avoid the DC interference issue:
1. eNB scheduler: The RB with DC interference can be ignored by the eNB scheduler, or assigned with modulation and coding scheme at lower SNR level.
2. Using the low IF receiver stucture.
3. DC cancellation: The receiver estimates the DC offset and then cancels it from the received signal. 
4. Harmonic mixing: Using the 2nd harmonics of the LO. 
5. Other possible solutions.
Options 2-5 above are worth studying to have a cost effective DC suppression in real implementation for UE.
An alternative solution is setting the LO position of the ZIF receiver to an unused sub carrier by adjusting the LO position as shown in Figure A.2.1.1. In this case, the peak rate of the UE receiver is achieved at 20MHz+15MHz, which is slightly below the maximum UE capability at 20MHz+20MHz. Furthermore, the image interference (particularly if the PSD is higher) of the signal energy from adjacent systems presented at UE receiver bandwidth (outside of the BS transmitter bandwidth, shown as gray in Figure A.2.1.1) may need further study. By the way, there is no DC interference issue if the UE has two independent receivers to process each of the two component carriers.
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Figure A.2.1.1 Re-tuning of the LO position

The scenarios shown in Figure A.2.1.2 are possible BS configurations. In those scenarios, the multiple carriers can be configured for contiguous carrier aggregation which may include 2, 3, or 4 component carriers. 
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Figure A.2.1.2: Possible deployment scenarios for band 41 
Based on those scenarios, the following observations can be made:
1) If contiguous carrier aggregation in BS is configured with 2 component carriers, and the UE receiver structure is one ZIF receiver, it is proposed that the 2 component carriers participated in CA is 20MHz+20MHz, and this would allow the maximum peak rate to be reached. In this case, CA scenario 1 and scenario 5 would be the best. The rests of the spectrum can be used for legacy carriers.
2) If contiguous carrier aggregation in BS is configured with 3 component carriers for UE with one ZIF receiver, it is proposed to configure the BS CA scenario as 20MHz+10MHz+20MHz, and this would allow the maximum peak rate to be reached, and the spectrum symmetry in downlink would allow one single ZIF receiver to be used at UE side to process all the 3 component carriers. If legacy UE with 40MHz and 2 carrier capability is also supported in this network, the peak rate for this legacy UE could have to be reduced at 20MHz+10MHz. 

3) If contiguous carrier aggregation in BS is configured with 3 component carriers, scenario 20MHz+15MHz+20MHz can increase the spectrum efficiency. However, the reduction of guard band at channel edge places additional challenges on both UE and BS implementation complexity. Further research is needed on the feasibility and the impacts on RF performance requirements shall be evaluated.
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