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1 Introduction
To meet the LTE-A requirements [1] on peak data rates and peak spectrum efficiency, carrier aggregation and spatial multiplexing with up to four layers are needed. To support CA and MIMO, there should be enough RF chains working in the same band. In this contribution, we discuss the uplink transmission mode configuration and the flexible configuration of the TX chains to adapt to different wireless environments using feasible UE architectures for CA/MIMO.
2 Flexible CA/MIMO Configuration for LTE-A UE
To achieve the ITU-R uplink target bit rate 500 Mbits/s, 40MHz transmission bandwidth with rank 4 MIMO or alternatively 80MHz transmission bandwidth with rank 2 MIMO is required [6]. Assume the operating bandwidth per RF Tx chain is 40MHz, the possible UE Tx architectures to meet these requirements are shown in figure 1[3].
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Figure 1a. UE configuration for total 40MHz (2 CCs) and 4 tx MIMO
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Figure 1b. UE configuration for total 80MHz (4 CCs) and 2 tx MIMO 
As shown in figure 1, we can see that, from the RF side, the only difference between these two configurations is the central frequency. Therefore it is possible to use the same RF architecture to achieve different configurations. Actually, there are quit a few combinations of carrier aggregation and uplink transmission mode that can be implemented using this RF architecture. The other possible combinations include {2 CCs (20MHz each) with SIMO plus 3 CCs (20 MHz each) with 2 Tx MIMO}, {2 CCs (20 MHz each) with 2 Tx MIMO plus 1 CC (20MHz) with 4 Tx MIMO}, and etc. In addition, we can also turn off some of RF chains to save power when the UE only has little uplink traffic.
Even for some low capability LTE-A UEs, for example, UE with 2 Tx antenna and 2 RF chains of 20 MHz bandwidth, there are quit a few combinations to adapt to different requirements as shown in figure 2.
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Configuration A – Turn off one RF chain.
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Configuration B – 2 CCs and each uses SIMO.
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Configuration C – 1 CC uses 2 Tx MIMO.
Figure 2 Different configurations for UE with 2 Tx antennas and 1 Tx chain per antenna.
In LTE-A, the active CCs and corresponding transmission mode for the active CCs are configured by the eNB. Therefore, if the eNB knows the RF capabilities of a UE, the eNB can flexibly configure the transmission carrier and transmission mode [8] to adapt to different situations. The benefits of flexible configurations are:
· Power saving: 

· For UE needs low data rate, the eNB can schedule UL transmission on one carrier with SIMO and the UE can then turn off the other RF chains to save power. 
· Flexible configuration
· A single RF architecture of the UE may be re-used in many different CA scenarios.

· For UE needs high data rate and the channel quality is good, eNB can configure UE with spatial multiplexing. If the UE is at the cell edge and needs high data rate, eNB can allocate more carriers to UE to get high data rate.
· The eNB may configure its UEs’ to different CA/MIMO combination based on the load of each CC, the channel conditions of the UEs, and the other system situations.
In REL-10, both CA and MIMO are supported. The eNB needs to know the CA and MIMO capability of UE. To support CA, the eNB needs to know the number of CCs UE can support. In order to configure its transmission mode, the eNB needs to know the number of tx antennas.  The eNB can not get the whole picture of UE capability on CA plus MIMO unless UE reports its RF capability to the eNB. Take the architecture in figure 2 as an example. This kind of UE will report to eNB it supports 2 carriers aggregation and it supports 2 Tx MIMO. eNB may configure the transmission mode of each carrier to 2 Tx MIMO, which is not supported by UE. It could then be confusing to separately discussing/reporting the CA and MIMO capability of a UE. Therefore, it is beneficial for the eNB to know the UE’s RF capabilities, which include the number of antenna, the number of RF chain per antenna and the maximum bandwidth per RF chain, and etc. 
To configure a UE for uplink transmission to support CA and/or SU MIMO, the eNB needs to notify UE the configuration of active CC and the transmission mode of each CC with properly defined signaling. In addition, RAN1 has reached an agreement that the transmission mode is not constrained to be the same on all CCs scheduled for a UE. Therefore eNB should signal the UE the configuration of active CC and the transmission mode of each CC assuming that the transmission mode information indicates the number of involved transmit antennas. Note that, in the case of AGI among the antennas and/or different propagation conditions across different CCs, it might be beneficial to let the eNB configure linkage between each antenna/PA and the CC.
Proposal: UE reports its RF capabilities to eNB, which include the number of tx antennas, the number of RF chains per antenna and the maximum bandwidth per RF chain to support flexible configuration of transmission mode and CA scenario.

There are more benefits of UE reporting its RF capabilities to eNB. RAN1 has considered simultaneous PUCCH and PUSCH transmission and non-contiguous data transmission with single DFT per component carrier for many reasons. However, according to the evaluation from RAN4[7], the non-contiguous transmission may required the additional maximum power reduction (A-MPR) in the range of 4~6dB or even worse (10dB in some extreme situations). The A-MPR is required when non-contiguous transmission is on one PA. If the number of frequency blocks simultaneously transmitted on one PA is limit to one, we can get the single carrier property as REL-8. Take the UE with 2 Tx antennas and one PA per antenna as an example. To keep the single carrier per PA, eNB should limit the number of non-contiguous frequency block to 2, especially for UEs at the cell edge. Therefore the feasible transmission modes include (1PUSCH + 1 PUCCH), (2 PUSCH in two carriers), (1 PUSCH with two clusters), (one PUSCH with 2 Tx antenna), (one PUCCH with 2 Tx antenna), and etc. 
For the UE in the central area of a cell, this requirement may be released a little. The eNB can make such decision with the help of PHR.
3 Conclusion
In order to meet the LTE-A requirement on peak data rate and peak spectrum efficiency rate, a large number of Tx chains at the UE are needed. Therefore it is possible to flexibly configure the transmission carrier of each PA to switch between MIMO and CA to adapt to different requirements. At the same time, according to the number of Tx chains supported by each UE, the NodeB could configure the PUCCH/PUSCH simultaneous transmission or non-contiguous RA in UL.
Proposal: UE reports its RF capabilities to eNB, which include the number of tx antennas, the number of RF chains per antenna and the maximum bandwidth per RF chain to support flexible scheduling of transmission mode and CA scenario.
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