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1.1. Introduction

The Rel’8 LTE specifications currently supports 1 Tx antenna in the uplink, where as it may be possible to support 2 or higher Rx antennas depending on UE class and vendor implementation. Although the exact antenna configuration may differ from implementation to implementation, some typical implementation will utilize the same antenna for both Tx and Rx. This leads to implementations where 2 Tx and 2 Rx, where there is 2 RF chain for downlink and only 1 Power Amplifier (PA) thus 1 RF chain for the uplink. For LTE Advanced it is less straight forward since in LTE Advanced we are going to support 2 Tx and 4 Tx in the uplink, and we are going to support up to 8 receive layers requiring at least 8 Rx antennas. This contribution discusses which Rx and Tx RF chain implementations should be considered in LTE Advanced.
2.1. Number of PA and number of Tx/Rx antennas
Some typical UE implementations will utilize the same antenna for both Tx and Rx, but this does not mean if there are 2 Rx RF chains, there needs to be 2 Tx RF chains. LTE fully supports 1 PA with 2 Tx antenna configurations and 2 Rx RF chains. This may be reasonable since implementation of more TX RF chains may require high implementation cost.
In LTE Advanced, there will be UEs with 1,2,or 4 Tx RF chain capabilities. Also there will be UEs with 2,4,8,or higher Rx RF chain capabilities. Although it may be possible for LTE Advanced to support all possible Tx/Rx RF chain combinations, it may be reasonable to only support or focus on certain Tx/Rx RF chain combinations as the baseline UE implementations during specifications of LTE Advanced. Below we list up some of the possible Tx/Rx RF chain combinations and discuss them. UE implementation configuration such as 4 Tx PA and 2 Rx does not seem to make much commercial sense. So we do not discussion it here.

Table 1. Possible uplink Tx PA and Tx/Rx configurations

	Number of Tx PA
	Number of Min. Tx/Rx
	Comments

	1
	2
	Supported by LTE, classified as UE cat 1~4

	1
	4
	Supported by LTE, classified as UE cat. 5

	1
	8
	Needs further discussion on whether it makes commercial sense to support such a class

	2
	2
	Needs further discussion on whether it makes commercial sense to support such a class

	2
	4
	Could possibly be a typical LTE-A UE implementation

	2
	8
	Could possibly be a typical LTE-A UE implementation

	4
	4
	Could possibly be a typical LTE-A UE implementation

	4
	8
	Should be supported in LTE-A as highest UE class (Simultaneous 4 Tx / 8 Rx)


1 Tx PA with 2/4 Rx antennas is already supported by LTE, but further discussions may be needed on whether such configurations should be also supported in LTE-A, where the UE possibly supports advanced MIMO/CoMP/Relay schemes (i.e. SU-MIMO with DRS, CoMP reception, etc).
Obviously 4 Tx PA with 8 Rx antennas will be supported in LTE-A. It is very probable that this will be the highest UE class for LTE-A, which is able to simultaneously transmit using 4 Tx antennas and receive up to Rank 8 data streams. 2 Tx PA with 4 Rx antennas could possibly be a very typical LTE-A UE implementation. This UE class can be a middle ground between the highest and lowest UE class supported. This kind of implementation will be able to receive up to Rank 4 data streams and at the same time support up to Rank 2 data stream transmissions. This can be good tradeoff between implementation cost and desired data transmission and reception capabilities needed for future LTE-A deployments. 2 Tx PA with 8 Rx antennas and 4 Tx PA with 4 Rx antenna UE configurations are other configuration which seem practical from UE implementation perspective. There would be further discussions needed on how to classify these configurations (including 2/4, 4/8 configuration) into UE categories

UE implementation such as 1/8, 2/2, Tx PA/Rx antenna configurations are not so straight forward as other configuration commented in Table 1. We believe some discussions are needed among companies. The issues range from how UE class will be categorized to which UE implementation make sense from a commercial point of view, and which UE implementations could possibly be typical for future LTE-A deployment scenarios.
3.1. Conclusion
In this contribution, we try to bring up issues with UE class categorization and UE implementation configuration regarding number of Tx PA and Tx/Rx antennas. We believe certain Tx PA and Tx/Rx antenna configuration are reasonable implementation configurations, where some configurations need further discussions, and some configurations seems to be poor commercial choices. We suggest having further discussions on UE category and UE Tx PA and Tx/Rx antenna configurations among companies.
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