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1. Introduction
LTE eNode-B as a legacy system is able to provide up to 4 transmit antennas. LTE user equipment (UE), thus, can monitor the available transmit antennas and estimate the corresponding channel in both time and frequency domains, accordingly. Beyond that, such as 8 transmit antennas equipped on LTE-advanced (LTE-A) eNode-B, LTE UE is not capable of seeing them. Therefore, full channel estimation related to physical downlink control channel (PDCCH) and physical downlink shared channel (PDSCH) decoding seems to be not realistic. In current LTE-A system, LTE-A eNode-B is able to equip up to 8 transmit antennas and has capability to serve both LTE UE and LTE-A UE [1]. From the practical perspective, efficiently utilizing 8 transmit antennas for LTE UE becomes a crucial issue. Some contributions discussed that instead of turning off the other 4 transmit antennas, the transmitter utilizes all power amplitude (PA) power relying on virtual antenna mapping fashion in conjunction with cyclic delay diversity (CDD) mechanism to combine pairs of transmit antennas [2]

 REF _Ref223518414 \n \h 
[3]. Thus, LTE legacy UE can transparently estimate the channel from 4 virtualized antenna ports and harvest the potential diversity antenna gain over 4 transmit antennas.

Although the solution of virtualized antenna ports is perfectly transparent to LTE legacy UE, it may impact the LTE-A system design such as CSI reference signal (CSI-RS) when LTE legacy CRS needs to be fully reused.

In this contribution, we focus on the discussion of LTE-A system, where LTE UE and LTE-A UE are coexisting. We efficiently design a new CSI-RS for LTE-A system with 8 transmit antennas in consideration of backward compatibility of reusing the LTE legacy CRS on 4 virtualized antenna ports. The key point of the newly designed CSI-RS is that by inserting a certain number of CSI-RS in new positions with a similar space time code (STC) symbol pattern [7], LTE-A UE is possible to estimate the channel on all the antenna ports. This newly designed CSI-RS plays an important role in efficiently achieving channel quality measurement and reducing the overhead dedicated to CSI-RS by reusing LTE legacy CRS.
2. General Description for Virtualized Antenna
Due to the constraint of the full transmit power, the available PA size is efficiently predetermined. This allows a small amount of transmit power on each physical antenna port if the number of transmit antennas increases. For instance, increasing from 4 to 8 antenna ports, the transmit power on each antenna decreases by half, in general. Therefore, LTE-A system is only capable of contributing half power to LTE UE if turning off the other 4 transmit antennas, resulting in the degradation of system performance for LTE UE. Virtual antenna mapping scheme in conjunction with cyclic delay diversity (CDD) mechanism is a smart and simple solution, which is completely transparent to LTE UE, but at the cost of increasing the difficulty for LTE-A CSI-RS design.
Figure 1 exemplifies the virtual antenna mapping scheme with the antenna pairs of 0-1, 2-3, 4-5, and 6-7. Alternatively, different antenna pairing for virtual antenna mapping is also possible, such as the antenna pairs of 0-4, 1-5, 2-6, and 3-7.
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Figure 1: Antenna grouping transmission for LTE UE.
In this case, it can be realized that the broadcast channel (BCH) for LTE system still configures 4 antennas to LTE UE whereas the BCH for LTE-A system configures 8 antennas to LTE-A UE.
3. CSI-RS Design
Taking into consideration of backward compatibility with LTE legacy system, the newly designed CSI-RS could rely either on FDM based fashion [4] or on CDM (alternatively superposition) based fashion [5]. In our CSI-RS designing, however, both fashions are separately treated. In LTE system, additionally, owning to the latency CRS overlapped between two paired physical antenna ports using CDD manner, for instance, we need to carefully think of how to efficiently reuse this legacy CRS in order to reduce the CSI-RS overhead.

3.1. Basic Structure
In LTE legacy system, while eight physical transmit antennas are involved, only two of them form single virtual antenna so that four virtual antennas in total is capable of supporting LTE UE. Our CSI-RS design rule for LTE-A system is to assign a new CSI-RS on a proper position which is close to the overlapped CRS (or CDD coded CRS) as enough as possible. This as the best design can be theoretically proven in Appendix 5. Figure 2 depicts an example of newly designed CSI-RS; (a) relies on FDM manner, and (b) relies on either CDM or superposition manner. In this CSI-RS structure, each grid called a resource element (RE) is uniquely defined by orthogonal frequency division multiplexing (OFDM) symbol in time domain with index of l and OFDM sub-carrier in frequency domain with index of k.
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Figure 2: CSI-RS design (a) FDM basis, and (b) CDM or superposition basis.

Without loss of generality, the CSI-RS design is only focused on physical antenna port 0 and 1. It is further assumed that the LTE legacy CRS with overlapped pattern and the new CSI-RS with the proper insertion can be indicated with coordination
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 are the channel responses on physical antenna port 0 and antenna port 1, respectively, and 
[image: image9.wmf]i

a

 and 
[image: image10.wmf]i

b

 are the predetermined complex CSI-RS signals dependent on the transmission scheme, and 
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. Moreover, the complex CSI-RS signals are capable of being formed with a CDD, transmit beamforming, and precoding, relying on legacy LTE CRS transmission scheme.
It is worthwhile noting that the parameters of m and n are utilized to control the new CSI-RS location corresponding to the reference coordination
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If necessary, moreover, the scrambling code or orthogonal codes (if CDM or superposition is involved) is applied on top of these CRS signals.

In CSI-RS design, indeed, we need to find the best relation between 
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 to optimize the channel estimation. Due to the legacy CRS for 
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, the optimization for new CSI-RS design is equivalent to finding out the best 
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 under the condition of given 
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, so that the identical SNR for each physical antenna port can be satisfied.
According to the analysis in Appendix 5, to keep the received energy to be the same for each physical antenna port, the best relations between 
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This ensures the channel estimation as the optimum solution, relying on (5-8), by performing a simple linear operation.

3.2. General Structure
Virtual antenna mapping is not only limited to two physical antennas, and it could be implemented up to eight physical antennas [3]. Virtual antenna mapping, in general, can be implemented with all of physical transmit antennas, such that
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where 
[image: image25.wmf]i

j

,

a

 is the CRS signal for the j-th virtual channel, and 
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It is worthwhile noting that LTE legacy system considers
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, corresponding to 4 CRS. For LTE-A system, in order to realize LTE-A CRS, four additional CRS should be added. This means that by receiving all the CRS signals and solving the equation in (3-5) where 
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, the individual channel response 
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Compared to the basic scheme of using two physical antennas to form a virtual antenna, however, it is much more complicated. In addition, this general CRS design may result in some difficulty in determining a proper value for
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). From the perspective of system simplicity, in what follows, we pay much attention to designing the CRS for LTE-A system by mapping CRS signal into two physical transmit antennas.
3.3. Some Examples
Applying such a CSI-RS rule into LTE-A system, on one hand, CSI-RS patterns based on FDM manner with a sparse concept can be structured in Figure 4 for antenna ports 0 and 1, and Figure 5 for antenna ports 4 and 5.
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Figure 4: CRS design with FDM manner for estimation of antenna port 0 and 1.
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Figure 5: CRS design with FDM manner for estimation of antenna port 4 and 5.
It should be note that CSI-RS using FDM manner for antenna ports 2 and 3, and antenna ports 6 and 7 can be designed by means of the same way, accordingly.

4. Conclusions

In this contribution, we have considered a new CSI-RS design with 8 transmit antennas in consideration of backward compatibility of reusing the LTE legacy CRS on 4 transmit antennas. The new CSI-RS design is to add a certain number of CSI-RS placed in new position, which is close enough to the legacy CRS used for LTE UE. Similar to the legacy CRS, the newly inserted CSI-RS are virtually formed on multiple antennas. In the reception, by using a simple linear operation, LTE-A UE enables to estimate the OFDM channel on all the physical antenna ports. This newly designed CSI-RS may play an important role in achieving channel quality measurement and reducing the overhead dedicated to CSI-RS.
5. Appendix
It is assumed that the overlapped legacy CRS signal at the k-th sub-carrier and the l-th OFDM symbol, 
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where 
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 represent the channel response on antenna port 0, the channel response on antenna port 1, and additive white Gaussian noise (AWGN), respectively. Moreover, 
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It is further assumed that the newly inserted CSI-RS signal for antenna port 0 at the 
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where 
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 is another predetermined complex parameter, and 
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Since the overlapped legacy CRS for 
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 is already determined in LTE system, the optimization of CSI-RS signals is equivalent to determining the new CSI-RS signals for 
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. As a result, the optimization for CSI-RS design is to find out the best 
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According to the principle of space time code (STC) [7], the received energy for one of two symbols is the same no matter what the fading channel experiences. Thus, to keep the received energy to be the same on each physical antenna port, similarly, the following relations hold
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If the locations of overlapped legacy CRS and new CSI-RS are close enough to each other, then, the relation holds
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and
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Therefore, the equations (5-1) and (5-2) can be modified to
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Finally, the channel estimation as the simple linear optimum solution can be given as
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(5-8)

Substituting (5-7) into (5-8), it can be simplified to
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Statistically, the channel estimations on both physical antenna ports are the same. In addition, from the perspective of transmit power efficiency due to the limited PA, the optimum transmission power from each physical antenna should be kept to be same, i.e., 
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