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1. Summary

The purpose of this contribution is to further address the scheme of MBSFN precoding with Antenna Selection for DL CoMP, which was originally proposed in our previous contribution [12]. The primary benefits of using antenna selection with MBSFN precoding are:

· MBSFN precoding with Antenna Selection is a simple extension to MBSFN precoding, and uses a single precoding codeword at all cooperating base stations, resulting in reduced amount of feedback overhead for precoding (it also reuses the existing precoding codebooks).

· Using low feedback overhead, distributed Antenna Selection can achieve performance comparable to that of global precoding. 

2. Introduction

In order to fulfill the requirements of LTE-A [1], in particular the cell-edge throughput requirement, Coordinated Multiple Point transmission (CoMP) has been proposed by many companies [2]~[6]. The effectiveness of CoMP is well analyzed in [7] and the references therein. Two CoMP schemes have been identified in LTE-A [8], namely, Coordinated Scheduling (CS) & Joint Processing (JP). 

In our previous contributions [11] [12], we discussed and compared various precoding schemes for DL JP CoMP. We observed that a very simple precoding scheme, e.g. MBSFN precoding, is effective in enhancing the cell edge throughput. We also demonstrated that a very simple “placeholder antenna” solution can alleviate the problem of applying MBSFN precoding in heterogeneous antenna configuration scenarios where each site has an unequal number of antennas. 

In this contribution, we show that the performance of MBSFN with Antenna Selection precoding is comparable to global precoding in a low to medium range SNR cell-edge regime (where we envisage most of the CoMP operations). Moreover, MBSFN with Antenna Selection precoding has lower overhead in comparison to the other proposed schemes. 
We recommend that in cases where very limited or no additional feedback is allowed for DL CoMP, or the operating channels are highly correlated, simple MBSFN precoding should be adopted. However, if we need to achieve higher spectral efficiency than offered by the simple MBSFN scheme, we recommend that MBSFN with Antenna Selection be adopted, since this low-complexity upgrade of MBSFN is a very straightforward enhancement that achieves a capacity comparable to that of a global precoding scheme.

3. Precoding Schemes for LTE-Advanced
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Figure 1: Concept graph of DL JP CoMP

Figure 1 is a conceptual diagram of DL JP CoMP. UEk can “see” 3 cells, illustrated by the green circle and UEk can also be “seen” by the 3 cells via the CSI feedback mechanisms. In Figure 1, white clouds represent data sharing and information exchange among CoMP cells, after which the 3 cells perform JP using some kind of precoding schemes, depicted by the 3 arrows with different colours.

Various schemes for DL JP CoMP have been proposed lately [3], [7], [9], [10]. Annex A.1 has detailed explanations of these schemes along with a capacity analysis for each scheme. Previously, we reported that a very simple precoding scheme, e.g. MBSFN precoding, is effective in enhancing the cell edge throughput [11]. We also showed that by incorporating Antenna Selection with MBSFN precoding (hereafter, referred to as AS-MBSFN precoding scheme), the capacity can be significantly enhanced with a minimal increase in overhead [12]. AS-MBSFN is a simple precoding scheme involving much lower complexity and feedback overhead compared to various other precoding schemes with comparable performance [10, 16].

3.1 Description of the AS-MBSFN precoding scheme
In the event that the UE can estimate each of the channels from the individual base stations, it can use Antenna Selection at the individual base stations in order to obtain the “best” equivalent channel at the UE, depending on the chosen metric (e.g. maximum eigenvalue, capacity, outage, BER, etc). The detailed structure of AS-MBSFN precoding is shown in Annex A.1.5.

Antenna Selection in principle eliminates the destructive combining of signals at each of the receiving antennas, resulting in maximizing the received SNR. Moreover, by selecting a subset of the antennas at the transmitter, each antenna receives a larger portion of transmit power compared to the case in which all transmit antennas are used. Therefore, the Antenna Selection scheme, especially at a lower SNR regime, is expected to outperform weighted local and global precoding schemes. This result is in agreement with well known results published by Telatar [14], indicating that at low SNR regimes the transmitter should only use a subset of its antennas. 

3.2 Overhead analysis

The AS-MBSFN precoding scheme requires a few additional bits of feedback compared to the simple MBSFN scheme (which has the lowest overhead). For example, for a system with two transmit antennas at the base station and two receive antennas at the UE, and two cooperating bases stations, the total number of combined channels are 16 (resulting in a maximum of 4 bits of overhead).
However, it is not required to search over all possible combinations of antennas from the cooperating base stations (for instance, some combinations require no antennas to be selected from each of the cooperating base stations). Using a restricted search space from the combinations of antennas, the number of feedback bits required for antenna selection can be greatly reduced. 
The restricted search space method can be further justified by the fact that in order to support DL CoMP with multi-layer transmission, there is a very small likelihood for an individual CoMP cell channel link to be seriously defective, which implies most of the antennas should be powered on in each CoMP cell. Interestingly, the above non-exhaustive search in antenna selection is able to not only reduce the AS feedback overhead, but also relax the power imbalance problem across the transmit antennas due to antenna shutdown or power-boosting in the AS procedure. 

3.3 Evaluation scenario

In this section, we evaluate the performance of the different precoding schemes in independent and identically distributed (i.i.d) Rayleigh fading channels. Let us assume 3 cooperating base stations with 4 transmit antennas at each base station and 4 receive antennas at the UE. In the evaluation, the UE is assumed to be equidistant from each of the cooperating base station. The ergodic capacity is obtained by averaging over 10,000 independent channel realizations. In order to reduce the number of possible antenna selection combinations and corresponding feedback overhead, we impose an additional constraint of selecting at least 3 out of 4 transmit antennas from each cooperating base station.

Figure 2 compares the global precoding, MBSFN precoding, AS-MBSFN precoding (with constraint that at least 3 antennas be used from each cell, hence, the total number of antenna selection combination is 53=125, represented by 7bits) and non-CoMP scheme in terms of ergodic capacity with total power constraint. As expected, CoMP schemes exhibit remarkable advantage over non-CoMP scheme, which is more manifested in high SNR regime (interference dominant situation). And it is seen that at very low SNR’s, the performance of MBSFN precoding is comparable to global precoding but as the SNR improves, global precoding starts to perform better. This is because, at low SNRs, the MIMO channel is inherently degree-of-freedom-limited and hence, only an SNR gain can be expected [13] by using multiple cooperative base stations. From Figure 2, it is also interesting to observe that even with a limited search space (with the additional constraint of at most one antenna not being selected from each CoMP BS), the performance of AS-MBSFN precoding still has a significant gain over MBSFN precoding and can achieve capacity comparable to a global precoding scheme.
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Figure 2: Capacity for CoMP (3 cells: [4Tx-4Tx-4Tx] [4Rx])

4. Conclusion

Our conclusions are two-fold:

· In the event of very limited feedback (or no additional feedback) for DL CoMP operation, a simple MBSFN precoding should be the default CoMP precoding mode. 

· In order to improve the spectral efficiency, if additional feedback bits are allowed for DL CoMP operation, we propose that AS-MBSFN precoding (a simple extension to MBSFN precoding with minimal overhead) should be the default CoMP precoding mode.
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A.1: Detailed description of proposals for precoding schemes in DL JP CoMP
(1) Global Precoding Scheme

Suppose there are 
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) For simplicity, assume that maximum time delay of signals from CoMP cells to UEk is within the CP length so that no ISI is introduced in JP. 

For notational convenience, denote the aggregated channel matrix as 
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). Then the global precoding scheme, which can be seen as a generalization of Rel. 8 multi-antenna transmission to antenna ports of more than one cell [3]
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. Global precoding scheme can be illustrated by Figure 3, with 2 cells constitute the CoMP topology. 
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Figure 3: Illustration of global precoding scheme (2 CoMP cells)

Based on MIMO channel capacity theory [13], the ergodic capacity of an 
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 i.i.d Rayleigh fading MIMO channel with full CSI at transmitter is presented by
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where 
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is the capacity limit for global precoding scheme, which is also the upper bound for all precoding schemes in DL JP CoMP. However, the complexity of global precoding is forbiddingly high, requiring a very large global code-book to quantize the space of the aggregate channel. Moreover, the dimension of such a giant code-book varies with the size of CoMP cells, resulting in a much more complicated code-book design.

(2) MBSFN Precoding Scheme

Alternatively, the simplest precoding scheme is the MBSFN precoding [10], which can be described as
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where 
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. Figure 4 captures the main point of MBSFN precoding scheme. 
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Figure 4: Illustration of MBSFN precoding scheme (2 CoMP cells)

Similar to equation (2), the ergodic capacity of composite channel 
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Here, 
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 CoMP channel has been packed into a much smaller channel by MBSFN precoding. Although the implementation of MBSFN precoding is rather simple, it suffers from some performance loss, as observed from the simulation results given in [10]. Therefore, several new precoding schemes have been proposed to improve the performance of MBSFN precoding. 

(3) Local Precoding Scheme

Local precoding [9] decomposes the global precoding into 
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 local channel matching reusing Rel. 8 mechanism, which can be written as
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where 
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 different PMIs are required to determine the precoding operation, which is a relatively large feedback overhead. 
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Figure 5: Illustration of local precoding scheme (2 CoMP cells)

Again, we can derive the ergodic capacity of composite channel 
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A heuristic guess is that 
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 won’t achieve very good performance since 
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 is a non-coherent combining of the individual channels, which degrades the performance badly. Such intuition was supported by our observations in previous simulation report [11]. 

(4) Weighted Local Precoding Scheme

[10] makes some improvement based on [9] by introducing an additional “beam” precoding, which can be expressed by
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where 
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 is a cell-specific diagonal matrix consisting of 
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 elements selected from a pre-defined codebook. We refer to this scheme as WLP (Weighted Local Precoding) scheme because the basic idea is to obtain a weighted sum of the local precoding results, illustrated in Figure 6. 
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Figure 6: Illustration of weighted local precoding scheme (2 CoMP cells)
The ergodic capacity of additionally “beamed” channel 
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Although the performance of WLP is inferior only to global precoding, its implementation is still too complex, which involves calculation and feedback of 
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 weighing vectors in addition to 
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 precoding matrixes.

 (5) AS-MBSFN Precoding Scheme

Consider adding an antenna selection block after MBSFN precoding procedure, which can be represented by an 
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 equals to one. Therefore, the AS-MBSFN precoding can be described as
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where 
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 is a common precoding matrix for all CoMP cells, whose columns are the 
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Figure 7: Illustration of AS-MBSFN precoding scheme (2 CoMP cells)

From equation (10), the ergodic capacity of AS-MBSFN precoding can be written as



[image: image83.wmf](

)

R

()

H

()()()()

AS-MBSFN

1

1,2,...,

11

T

CEmaxlog2det

b

k

BB

bbbb

Nkkkk

bB

bb

SNR

N

=

==

éù

ìü

æö

æö

æöæö

ïï

êú

ç÷

=+

ç÷

íý

ç÷ç÷

ç÷

ç÷

êú

èøèø

ïï

èø

èø

îþ

ëû

åå

A

IHAPHA


( AUTONUM  \* Arabic )

Similar to equation (5), 
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 has a dimension of 
[image: image85.wmf]11

TT

NN

´

.

PAGE  
1

_1297167213.unknown

_1297686039.unknown

_1297686629.unknown

_1298123412.unknown

_1298124752.unknown

_1298125002.unknown

_1298125514.unknown

_1298125543.unknown

_1298124946.unknown

_1298124339.unknown

_1298124607.unknown

_1298123266.unknown

_1298123306.unknown

_1298123264.unknown

_1297686431.unknown

_1297686451.unknown

_1297686175.unknown

_1297169261.unknown

_1297170440.unknown

_1297685513.unknown

_1297685532.unknown

_1297170445.unknown

_1297172470.unknown

_1297169486.unknown

_1297170289.unknown

_1297169406.unknown

_1297167563.unknown

_1297169141.unknown

_1297169174.unknown

_1297169229.unknown

_1297167636.unknown

_1297167362.unknown

_1290238287.unknown

_1290241841.unknown

_1290415095.unknown

_1290415202.unknown

_1290415246.unknown

_1290241940.unknown

_1290242739.unknown

_1290248228.unknown

_1290242706.unknown

_1290241873.unknown

_1290238884.unknown

_1290239036.unknown

_1290239145.unknown

_1290241116.unknown

_1290241777.unknown

_1290239171.unknown

_1290239107.unknown

_1290238456.unknown

_1290238471.unknown

_1290238349.unknown

_1290238310.unknown

_1289396538.unknown

_1289397193.unknown

_1289397206.unknown

_1289396737.unknown

_1289396748.unknown

_1289396583.unknown

_1289396452.unknown

