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1. Introduction

In LTE Rel-8 downlink, a number of transmit antenna configurations at the eNB could be supported, which include single antenna, two antennas and four antennas. The UE should be able to obtain such antenna configuration information by decoding PBCH and verifying it through CRC masking of PBCH. After obtaining the antenna configuration, the UE should assume such antenna configuration is used for all the subframes and throughout the whole system bandwidth in this cell. The eNB may not change such configuration over time and use different antenna configuration over different system bandwidth. On UE side, as eNB could have the option to choose either one of these three antenna configurations, the Rel-8 UE should have the capability of supporting all the above antenna configurations.

In a LTE-A system, many enhanced new features/techniques have been discussed for LTE-A and among them, the most promising ones are relay, CoMP and high-order MIMO.  For high-order MIMO, it is generally agreed that a 8x8 antenna configuration should be supported. This means that an eNB could support up to 8 transmit antennas. This transmission configuration could bring significant peak data rate and system throughput gain especially for low mobility UE and indoor application. 
For a LTE-A system, in addition to supporting some of the enhanced features mentioned above, it is also required to support backward compatibility to Rel-8 UE, that inevitable makes the transmission configurations in a LTE-A system quite complicated.
In this paper, some design aspects are discussed with specific focus on whether there is a need to introduce a new 4-tx transmission configuration in LTE-A system.
2. Transmission Configurations in a LTE-A System
In LTE-A, a system with up to 8 transmit antennas could be supported. In such system, a high-end LTE-A UE could have the capability of supporting 8-tx transmission. But on the other hand, to fulfil the backward compatibility requirement, the LTE-A system should be able to support Rel-8 UE, which could support only up to 4-tx transmission.
To support 2-tx  and 4-tx transmission in a 8-tx system, different method could be used. One method is to use virtual antenna technique. The other method is to simply transmit on a subset of the physical antennas. Using virtual antennas could provide a very flexible way to realize different transmit antenna ports in virtual antenna domain and resolve the power pooling issue, as the signals are transmitted across all the physical antennas no matter how many virtual antennas are seen by the UE. The drawback of this method though is that for some antenna setup such as cross-polarization antenna arrays, it may not be feasible to achieve antenna virtualization across all physical antennas, and therefore, may still encounter the power pooling issue. On the other side, transmitting only on a certain number of physical antennas would not need to form virtual antennas, however, total transmitting power could be limited by individual PA and could impact the coverage. This is an eNB implementation issue, i.e. it is up to eNB implementation to decide what is the most appropriate scheme to form a transmit antenna port based on the physical antenna configuration. This should be transparent to the UE.. 
It is also agreed that for LTE-A system, Rel-8 transmit diversity will be reused in non-MBSFN subframes, which means 2-tx or 4-tx transmit diversity of Rel-8 will be supported. That is because the gain of introducing new transmit diversity scheme with more than 4-tx would not compensate the overhead introduced by extra common RS for channel estimation. As all the common control channels use transmit diversity to guarantee the coverage, they would use Rel-8 2-tx and 4-tx transmit diversity schemes. 

As both Rel-8 and Rel-10 UE should be supported in a LTE-A system, there could be two ways to multiplex them. One way is FDM, which means both Rel-8 and Rel-10 could be transmitted in the same subframes. The other way is TDM, which means a subframe could be used to only transmit to Rel-10 UE or to Rel-8 UE but not both.  To achieve this, MBSFN sub-frames could be used. 
2.1. 4-tx transmission configuration in LTE-A 
In Rel-8, downlink transmissions with 4-tx is well defined. It includes mainly the transmit diversity (TxD) and spatial multiplexing (SM). In general, 4-tx TxD could bring additional diversity gain over that of 2-tx system. 4-tx SM transmission, on the other hand, could greatly increase the peak data rate and system throughout by exploiting high-rank transmission and dynamic rank-adaptation.  4-tx transmission could work in both closed-loop and open-loop transmission modes and has proven performance for a wide range of UE from low to medium and high mobility, which will provide great robustness to the system.
To support Rel-8 4-tx transmission, 4 common RS (CRS) ports need to be transmitted. CRS is used for several tasks. It is used by the UE to conduct the channel estimation for demodulation. It is also used by the UE to conduct the channel measurements and feedback of PMI and rank information.  CRS is transmitted across the whole system bandwidth and in all subframes. The total CRS overhead for 4 CRS ports in a normal unicast subframe is slightly less than 15%. Considering that CRS is used by all the UE in the cell, such overhead is reasonable.
As a LTE-A system needs to backward support Rel-8 UE, it needs to support both 2-tx and 4-tx transmission schemes of Rel-8, therefore, the same CRS should be transmitted at least in the mixed (or FDM) subframes where both Rel-8 and Rel-10 are supported. 
For LTE-A high-order MIMO transmission, the situation is a bit different from those MIMO transmission defined in Rel-8. The differences can mainly be observed from several aspects in terms of  to RS design:
1. in Rel-10, new RS for Rel-10 UE are divided into two categories, one is for channel measurement and one is for demodulation

2. For channel measurement, the RS is called CSI-RS is transmitted on each cell-specific antenna ports in a sparse manner

3. For demodulation, UE-specific dedicated RS (DRS) is used, which is transmitted with the same precoding as data. The DRS is transmitted only in the resources allocated to the UE and only transmitted on the layers configured for PDSCH transmission to the UE, due to rank adaptation.
In general, the MIMO scenarios in LTE-A targets UE with very low mobility to enhance their peak data rate and throughput. Such observation is based on the fact that CSI-RS density currently agreed at RAN1 #56bis Seoul meeting [1] is about one CSI-RS symbol per 10 ms radio frame, which is very low in time. Even though it is a reasonable assumption as such nomadic UE could form the dominant user groups that require high data rate, it also implies that other transmission configurations should also be supported to form a complete solution to cover UEs with different mobility scenarios, i.e., from low to high mobility. 
From the above analysis, it can be noticed that there could be many transmission configurations in order to support both Rel-8 transmissions and new LTE-A transmissions. So far, the LTE-A specification has to support LTE-A high order MIMO configuration (8-tx transmission) and one or more of the Rel-8 1-tx, 2-tx and 4-tx transmission. In actual deployment, depending on the eNB antenna configuration and Rel-8/9/10 UE capability/categories, some of these schemes may not need to co-exist. There could also be other additional transmission configuration introduced for LTE-A such as a new LTE-A 4-tx transmissions.  
Even though so many transmission configurations would give network operators more choices to select, from chip/terminal vendors point of views, it may not be a good thing as the chip/ terminal vendors may have to implement all of these configurations and have them tested. This would certainly lead to higher product cost and may lead to higher UE battery power consumption.. To avoid such complexity from the chip/terminal side, it will be a good practice to carefully evaluate new transmission configurations before introducing them.
One motivation to introduce new 4-tx transmission configuration for LTE-A could be to make such transmission configuration more consistent with new LTE-A 8-tx transmission. For example, the new 4-tx transmission configuration can use DRS for demodulation and CSI-RS for channel measurement. However, other than those consistencies, other benefits of introducing entirely new 4tx transmission schemes especially on performance are not that clear at this stage.  On the other hand, introducing such new transmission configuration could have some drawbacks, which could be summarized as follows
1. First, for a LTE-A UE, as it should be able to work in a LTE Rel-8 or Rel-9 system, it already have the backward compatibility requirement to support Rel-8 2-tx and 4-tx transmission. Introducing a new 4-tx transmission configuration would increase the complexity in terminal, as it now has to support Rel-8 2-tx and 4-tx configuration and also support Rel-10 4-tx and 8-tx configuration.
2. Second, as mentioned before, such new LTE-A 4-tx transmission could require the use of DRS for demodulation. As a LTE-A eNB may have to support Rel-8 transmission for 2-tx or 4-tx transmission, it has to transmit 4 ports of Rel-8 cell-specific CRS throughout the system bandwidth, at least in those subframes where Rel-8 and Rel-10 UE are both supported.  Introducing more DRS for demodulation won’t help in reducing overall RS overhead, but rather increasing that overhead.
3. Third,  as LTE-A high-order MIMO configurations targets only on UE with low mobility,  other transmission configurations are still needed for UEs to work well in medium to high mobility situation, and Rel-8 4-tx transmission configuration would best fit for such requirement and therefore would most probability be implemented at UE. 
In summary, the benefits to introduce a new LTE-A 4-tx transmission configuration at this stage is not clear and may not justify the drawbacks and complications it could bring to both the systems and terminals. Further study and evaluation are needed before the decision is made. 

There could be some occasions where such new 4-tx transmission configurations using DRS for demodulation could be useful. One is to use it in MBSFN subframes where only Rel-10 UEs are supported, the reason being that in such subframe, the common RS may not be transmitted, and therefore, using DRS for demodulation may lead to the saving of RS overhead. Another place that could see such new 4-tx transmission configuration beneficial could be in CoMP transmission, where 2 or more cells could transmit to the same UE together. In such situation, using DRS for demodulation could work better than using CRS as if CRS is used, coordination would be needed among cells on sub-carriers carrying CRS for better channel estimation outcome. 
Some discussions are ongoing on how to introduce Rel-8 4-tx features. This is because that at early stage of Rel-8, 4-tx system may not be deployed, and that could leave some IOT testing hole for 4-tx features even though they could be implemented in the terminals. Some thoughts on this have been circulated around such as postponing deployment of 4-tx features to Rel-9, or decoupling 4-tx transmission of PDCCH and PDSCH and introducing them in separate phases. Such decisions would have direct impact on the issue we have been discussed in this paper, as that would directly relate to the wide availability of Rel-8 4-tx features in the future. If Rel-8 4-tx features could be introduced earlier and by the time Rel-10 terminals hit the market, such Rel-8 4-tx features are widely supported by many networks and a large number of terminals, then the need of introducing a new LTE-A 4-tx configuration could become weak. But if the introduction of Rel-8 4-tx features are delayed, and by the time when the Rel-10 UE hit the market, there are still not enough deployment of Rel-8 4-tx features, then the need of having a new LTE-A 4-tx configuration could be seriously considered. 
3. Conclusion

In this short paper, some aspects of introducing a new 4-tx transmission configuration in LTE-A is discussed. It is not clear at this stage the benefits of introducing such new 4-tx transmission configuration even though in some occasions, they would be useful. On the other side, as LTE-A UE has to support Rel-8 2-tx and 4-tx transmission, introducing a new 4-tx transmission in consistency with LTE-A MIMO may not justify the benefits it could bring over the extra complexity it could incur.  Therefore, before such decision is made, more study and investigation is needed to consider both the benefits and complexity.
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