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1 Introduction

To meet the LTE-A requirements on peak data rates and peak spectrum efficiency, carrier aggregation and spatial multiplexing are needed. As discussed in RAN4, the maximum data rate can be achieved via increased number of component carriers and/or increased number of layers ‎[2]. On the other hand, from the RF point of view, a same set of RF chains may be flexibly configured to support CA and/or MIMO ‎[1] ‎[3]. In this paper, we give the CA/MIMO configurations to achieve the maximum data rats of rel-10 UE categories. We also analyze the signalling needed to enable flexible CA/MIMO configuration. We find that most of the signalling for the flexible CA/MIMO configuration should be defined in rel-10 for other reasons anyway.

2 Flexible CA/MIMO configuration
The new UE categories for Rel.10 have been discussed during RAN1 and RAN4 meetings and it is proposed to define 3 new UE categories in ‎[1]

 REF _Ref264122638 \r \h 
‎[4]. The maximum data rate of Rel-10 Category 1 is twice the rel-8 UE. The maximum data rate can be achieved by CA of 2 CCs or doubling the number of layers. The maximum data rate of Rel-10 Category 2 is 4 times of that of the rel-8 UE. The data rate can be achieved by CA of 2 CCs and doubling the number of layers, or CA with 4 CCs, or higher order MIMO with 4 times of the number of layers without  CA. With the same methodology, Table 1 lists the possible configurations for 3 new UE categories. 
Table 1 Possible CA/MIMO configurations to achieve the maximum data rate

	Rel-10 UE categories
	DL Max. data rate
	DL CA/MIMO configurations (#CCs, #layers)
	UL Max. data rate
	UL CA/MIMO configurations (#CCs, #layers)

	Category 1
	300 Mbps
	(2, 2); (4,1), (1,4)
	100 Mbps 
(no 64 QAM)
	(2, 1); (1, 2)

	Category 2
	600 Mbps
	(2, 4);
(4, 2) and etc
	200/300 Mbps
(optional 64 QAM)
	(2, 2);
(4, 1) and etc

	Category 3
	1.2 Gbps
	(2, 8);
(4, 4) and etc
	600 Mbps
(support 64 QAM)
	(2, 4);
(4, 2) and etc


The configuration in table 1 can be flexibly configured with appropriate RF architecture. Take the rel-10 category 1 uplink as an example. The maximum data rate is twice of the rel-8. It can be achieved by 2 CC with each CC 1 layer or 1 CCs with 2 layers. The possible RF architectures are:

· RF architecture type 1: 1 RF chain with RF channel bandwidth 40MHz

· 2CC with each CC 1 layer to achieve the maximum data rate

· RF architecture type 2: 2 RF chains with each RF bandwidth 20MHz
· Can be configured to 2 CC with each CC 1 layer or 1 CC with 2 layers assuming 2 transmit antennas
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Figure 1a. architecture type 1: 40MHz, 1 SIMO
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Figure 1b. architecture type 2.A – 2 CCs and each uses SIMO.
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Figure 1c. architecture type 2.B – 1 CC uses 2 Tx MIMO
Figure 1 RF architecture for rel-10 UE category 1 
RF architecture type 1 can not support UL MIMO and the spectrum efficiency is relatively low. On the other hand, when two CCs are active, two un-contiguous spectrum blocks will simultaneously transmit on the same PA, which may need additional MPR. So the type 1 UE cannot take full advantage of CA, especially when the UE is in the cell edge area. 
RF architecture type 2 can be configured to 2CC with 1 layer or 1CC with 2 layers. The eNB may use different configuration based on the load of each CC, the channel conditions of the UEs, and the other system situations. For example, for a UE with good channel quality, eNB can configure the UE as 1 CC with 2 layers. For a UE in the cell edge area, eNB can configure the UE as 2 CC with 1 layer to allocate more spectrum for UE to get high data rate. Since the two CCs use different PA, no additional MPR is need. 
In the rel-10 FDD CA scenarios agreed in RAN4 ‎[5], band 1 is defined in both the intra-band CA and inter-band CA scenarios. The bandwidth for intra-band CA is 40MHz, while the bandwidth for inter-band CA is 10MHz. Considering the same RF chain will be reused both in intra-band CA scenario and in inter-band CA scenario, type 2 is more attractive than type 1. 

3 Signaling for flexible CA/MIMO configuration 
The procedure for flexible CA/MIMO configuration is shown in the figure 2. 
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Figure 2 signalling procedure for flexible CA/MIMO configuration 
Therefore, the downlink signalling for flexible CA/MIMO configuration includes:

· the active CC(s)
· the transmission mode and number transmit antennas of each active CC
Since the eNB already needs to configure the active CC(s) and the transmission mode for each of the active CC, no extra downlink signalling for flexible configuration of CA/MIMO is needed.
The uplink signalling to enable flexible CA/MIMO configuration includes UE CA/MIMO capability parameters. UE CA/MIMO capability can be reported in many formats. 
Option 1: Report the following CA/MIMO capability parameters ‎[2]:
· Frequency band or bands over which the aggregation is supported
· Supported bandwidth for each frequency band
· Number of CCs for “Contiguous” carrier aggregation
· Number of supported layers
Option 2: Report the following CA capability parameters ‎[8] 

· Number of RF chain capability
· Frequency band supported within each RF chain

· Number of supported CC for continuous carrier aggregation within each band in each RF chain 
Option 1 considers both CA capabilities and MIMO capabilities. However, the parameters of the supported bandwidth for each band and number of CCs for contiguous carrier aggregation do not clearly state the UE CA capabilities. For example, the UE may have one 40MHz RF chain and one 20MHz RF chain to achieve 60MHz capability. Another problem for option 1 is that it separates the CA capabilities from the MIMO capabilities. For example, for a UE with 2 antennas each with a 20MHz RF chain in the same band, the supported number of CC is 2 and the number of supported layer is 2. So the eNB may think the UE has the capabilities of 2 CC of each with 2 layers. 

In Rel-10, the maximum bandwidth for CA is 40MHz (or 50MHz) [5]. It is possible to use one RF chain for intra-band contiguous CA. So if we assume there is only one RF chain per band and further excluding the configuration similar to type 2.A, UE can use option 1 or equivalent parameters [9] for CA/MIMO capabilities reporting in rel-10.
Option 2 tries to gives the whole picture of UE CA capacities but does not consider the MIMO capacities. And the number of supported CC for continuous carrier aggregation within each band in each RF chain does not truly reflect UE capabilities since the bandwidth of each CC may vary from 1.4M to 20M. 
Considering the pros. and cons. of option 1 and option 2, we propose to use following parameters as UE CA/MIMO capacities.
Option 3: Report the following CA/MIMO capability parameters 

· Number of antennas
· Number of RF chains per antenna
· Frequency band supported within each RF chain
· Bandwidth of each RF chain
Option 3 gives eNB the whole picture of UE’s architecture and CA/MIMO capabilities. In addition to enable flexible CA/MIMO configuration, the information of the RF architecture also can benefit power saving ‎[6], measurement gap scheduling ‎[7], proper power control and link adaptation, and so forth. 
In summary, the signalling for flexible CA/MIMO configuration includes:
· the configuration of active CC(s) and the transmission mode (including the number of layers/transmit antennas) of each active CC

· the number of antennas, the number of RF chains per antenna, the frequency band supported within each RF chain and the bandwidth of each RF chain or equivalent parameters
4 Conclusion 
In this contribution, various CA/MIMO configurations were discussed and it was determined that the signalling for flexible CA/MIMO configuration should include: 
· the configuration of active CC(s) and the transmission mode (including the number of layers/transmit antennas) of each active CC
· the number of antennas, the number of RF chains per antenna, the frequency band supported within each RF chain and the bandwidth of each RF chain or equivalent parameters
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