


3GPP TSG RAN WG1 Meeting #56bis
R1-091133
Seoul, Korea, 23 – 27 Mar, 2009

Source: 

Sharp

Title:
Further Considerations on MBSFN Precoding for DL CoMP
Agenda Item:

15.2
Document for:
Discussion and Decision

1. Summary

Two extensions to MBSFN precoding are presented:

· Design of precoding codebook for non-uniform MIMO in which cooperating base stations may have different number of transmit antennas.

· Use of antenna selection for downlink Coordinated Multi-Point (CoMP) transmission.

We address the problem of designing the precoding codebook when cooperating base stations have different number of transmit antenna by introducing zero-weight transmit antennas. Moreover, by using few bits of feedback, we show that by performing distributed antenna selection we can outperform existing schemes such as weighted-local precoding. The benefits of MBSFN precoding with antenna selection are:
· Use a single precoding codeword at all cooperating base stations, resulting in reduced amount feedback overhead for precoding and reusing the existing precoding codebooks.

· Outperforming variations of local and global precoding schemes while having smaller feedback overhead.
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] as a promising technology. The effectiveness of CoMP is well analyzed in [7] and the references therein. Moreover, two CoMP schemes have been identified in LTE-A [8], namely, Coordinated Scheduling (CS) & Joint Processing (JP). 

In our previous contribution [11], we discussed and compared various precoding schemes for DL JP CoMP, from which we observed that a very simple precoding scheme, e.g. MBSFN precoding is effective to enhance the cell edge throughput. Therefore, we recommended that the DL CoMP should adopt a simple precoding scheme [11].
However, in Athens meeting, some concerns were raised about the applicability of MBSFN precoding in light of the constraints of the scheme presented. In this submission we provide two simple extensions of the scheme presented in [11]: 
a) MBSFN precoding extension to non-uniform MIMO systems, and 
b) MBSFN with antenna selection. 
The MBSFN precoding extension to non-uniform MIMO allows the use of MBSFN transmission to CoMP cells having unequal number of antennas. The MBSFN with antenna selection scheme improves upon the performance of the normal MBSFN scheme by employing smart antenna selection at the cooperating nodes. 

We show that the proposed MBSFN with antenna selection precoding performs better than existing precoding schemes (MBSFN, local, weighted local and global) with the gains being more pronounced at low to medium range SNR cell-edge regime (where we envisage most of the CoMP operations). Moreover, the MBSFN with antenna selection has less overhead in comparison to the best known schemes (local, weighted local and global). 

We recommend that in cases where very limited or no additional feedback is allowed for DL CoMP, 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 capacity of a global precoding scheme.
3. Summary of Precoding Schemes in DL JP CoMP
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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 cloud and UEk can also be “seen” by the 3 cells by CSI feedback mechanisms. In Figure 1, white clouds represent data sharing and information exchange among CoMP cells, after which 3 cells perform JP using some kind of precoding schemes, depicted by 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 the capacity analysis for each scheme. In Figure 2 we show the capacity curves for global precoding scheme and MBSFN precoding scheme, and contrast it with a non-CoMP scheme. The simulation parameters are provided in Annex A.2.
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Figure 2: Capacity for CoMP (3 cells: [4Tx-4Tx-4Tx] [4Rx])

From Figure2, we observe that CoMP transmissions can achieve a 100% to 200% capacity gain in the reasonable cell edge SNR region (e.g. 0-10 dB ). Another interesting observation is that MBSFN precoding already achieves most of the capacity gain compared with global precoding. For instance, at an SNR of10dB, global precoding has a capacity gain over MBSFN precoding by only 15%, but requires a 200% increase in CSI feedback overhead. Another noteworthy point is that since the capacity of WLP (Weighted Local Precoding) scheme[10] is definitely bounded by that of global precoding, WLP is merely able to exhibit modest gain over MBSFN precoding, which has been corroborated by our previous system-level simulations (WLP was about 10% better than MBSFN precoding in terms of throughput) [11]. 

4. Extension of MBSFN Precoding in Non-Uniform MIMO Setups
The MBSFN scheme in the previous section was based on a homogeneous antenna configuration scenario where each site has an equal number of antennas. However, in a heterogeneous MIMO environment, i.e., CoMP cells have unequal number of transmit antennas, the precoding scheme may seem to be more complicated because different CoMP cells employ different codebooks for channel matching purposes. For MBSFN precoding (which in the homogenous case uses the same precoding), an important issue is how to extend the MBSFN precoding to a system of heterogeneous cells involving unequal number of transmit antennas at the cooperating base stations. In order to deal with this, our basic approach is to reconstruct the channel matrix by introducing “placeholder antenna” (which can be thought of as an “imaginary antenna”) to obtain a (virtual) homogeneous MIMO configuration. To this end, we develop the notion of zero-weight antennas and clone antennas as follows. 

Consider a heterogeneous MIMO setup with some CoMP cells having fewer antennas than other cells. Then we add some “imaginary antennas” to those cells with fewer antennas, thereby, expanding the corresponding channel matrixes to the desired dimensions. Such “imaginary antenna” could be “zero-weight” antennas or clone antennas.
The basic idea of zero-weight antennas is to introduce some antennas with null power into the fewer-antenna CoMP cell. We can think of the zero-weight antennas as some antennas which are not in use. In mathematical parlance, zero-weight antennas can be easily implemented by zero padding in the channel matrix. Some examples of the zero-weight antennas are available in Annex A.3. 

Alternatively, we can make up some clone antennas to serve as the “imaginary antenna”. The so-called clone antennas are replicas of the real antennas. Mathematically, clone antennas can be realized by “copy” padding in the channel matrix. Some example of the clone antennas is available in Annex A.4.
Figure 3 is the theoretical capacity results for “imaginary antenna” based on parameter assumptions listed in Annex A.2. From the results, we can conclude that zero-weight antennas and clone antennas perform identically, which is not surprising because “imaginary antenna” is nothing but a mathematical manipulation of the channel matrix. One way or another shouldn’t differ from each other too much. The important thing here is that “imaginary antenna” just slightly degrades the system performance compared with that of its homogeneous counterpart. Besides, such degradation is mostly caused by the decrease of available Tx antennas in the whole CoMP system, because global precoding which is unaffected by MIMO configuration also suffers a similar degradation. Therefore, the application of “imaginary antenna” in non-uniform MIMO CoMP is very effective, lifting the MIMO configuration constraint for MBSFN precoding. 
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Figure 3: Capacity for CoMP (3 cells: [4Tx-2/4Tx-4Tx] [4Rx])

5. Improved MBSFN Precoding Using Antenna Selection
Recall that as shown in Figure 2, at an SNR of 10 dB, global precoding has a 15% spectral efficiency gain compared to the basic MBSFN precoding scheme (albeit with significantly increased overhead for the global precoding scheme). In this section we demonstrate that by employing antenna selection to MBSFN precoding, capacity can be significantly enhanced with minimal overhead. Hereafter, we will refer to this scheme as AS-MBSFN precoding scheme (antenna selection-MBSFN). 
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 (capacity, outage, BER, etc). The 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 few antennas at the transmitter, each antenna receives a larger portion of transmit power comparing to the case in which all transmit antennas are used. Therefore, the antenna selection scheme, especially at 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 [13] indicating that at low SNR regime transmitter should only use a subset of its antennas.
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Figure 4: Capacity for AS-MBSFN precoding CoMP (exhaustive AS)

The detailed description of AS-MBSFN precoding scheme is attached in Annex A.5. Figure 4 compares the global precoding, MBSFN precoding and AS-MBSFN precoding in terms of capacity with total power constraint. As seen in Figure 4, at an SNR of 10 dB, AS-MBSFN achieves a spectral efficiency of 19 bps/Hz compared to a simple MBSFN scheme which has a spectral efficiency of 16 bps/Hz. As seen from the figure, AS-MBSFN precoding (which has slightly more complexity than MBSFN precoding scheme), has a capacity comparable to that of a global precoding scheme. 
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Figure 5: Capacity for AS-MBSFN precoding CoMP (at least 3 activated antennas in each cell)
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 (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 requires no antennas to be selected from each of the cooperating base stations). Using a restricted search space of combinations of antennas, the number of feedback bits required for antenna selection can be reduced to 2-3 bits. For instance, AS-MBSFN precoding in figure 4 uses an exhaustive search to find the best antenna selection choice. However, as mentioned above, in DL CoMP with multi-layer transmissions, there is a very small likelihood for the individual CoMP cell channel to be seriously defective. Therefore, 3 or 4 antennas would be envisaged to be powered on in each CoMP cell, which interestingly, could be wisely exploited to reduce the AS feedback overhead and to relax the power in-balance problem across the Tx antennas due to antenna shutdown or power-boosting in AS procedure. 
In Figure 5, we plot the capacity results for AS-MBSFN precoding with an additional constraint that at least 3 antennas be used from each cell (leading to a significant reduction to search space and antenna feedback bits). However, as seen from Figure 5, the performance of AS-MBSFN precoding still has a significant gain compared to MBSFN precoding and can achieve capacity comparable to global precoding scheme. 
6. Conclusion

Our conclusions are two-fold, which are:

· If there is very limited, if no, additional feedback allowed for DL CoMP, then simple MBSFN precoding should be adopted. With the methods of zero-weight antennas and clone antennas, the application scope of MBSFN precoding can be easily extended to heterogeneous MIMO setups.
· If RAN1 prefers more spectral efficiency with additional feedback, then AS-MBSFN can be a good candidate since it is a very straightforward enhancement. Other schemes are more complex and require more feedback. 
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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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Figure 2: Illustration of global precoding scheme (2 CoMP cells)

Based on MIMO channel capacity theory [12], the 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 3: Illustration of MBSFN precoding scheme (2 CoMP cells)

Similar to equation (2), the 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 4: Illustration of local precoding scheme (2 CoMP cells)
Again, we can derive the capacity of composite channel 
[image: image61.wmf]()()

1

B

bb

kk

b

=

å

HW

 as follows


[image: image62.wmf]R

H

()()()()

LP

1

11

T

CElog2det

BB

bbbb

Nkkkk

bb

SNR

N

==

éù

æö

æö

æöæö

êú

ç÷

=+

ç÷

ç÷ç÷

ç÷

ç÷

êú

èøèø

èø

èø

ëû

åå

IHWPHW


( AUTONUM  \* Arabic )

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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 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 5. 
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Figure 5: Illustration of weighted local precoding scheme (2 CoMP cells)
The 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.
A.2: Parameters for an interested 3-cell CoMP 
	Parameter
	Assumption

	Cellular Model and UE’s position
	3 cells with equal distance to the UE (see figure 1)

	Channel model
	6-ray GSM Typical Urban (TU)

	Number of UE antennas
	4

	Number of cell antennas
	Homogeneous MIMO: [4 4 4]

Heterogeneous MIMO: [4 2 4]

	Inter-cell Interference Modeling
	For CoMP UE, out-of-cell interference is white, integrated into the observed white noise
For Non-CoMP UE, the interference from other two cells is explicitly modeled

	Precoding scheme for CoMP UEs
	Global precoding, MBSFN precoding

	Channel realizations
	10,000


A.3: Explanation of zero-weight antennas
Suppose 3 cells constitute a CoMP topology (
[image: image73.wmf]1

T

4

N

=

, 
[image: image74.wmf]2

T

2

N

=

,
[image: image75.wmf]3

T

4

N

=

 and 
[image: image76.wmf]R

2

N

=

). Then, the channel between each CoMP cell and UEk is respectively written as 
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. For the second CoMP cell, zero-weight antennas No. 3 and No.4 will be added by reconstruct the corresponding channel to be 
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is a power compensation factor due to the “imaginary shutdown” of the zero-weight antennas. Thus, the MIMO configurations of the CoMP cells are virtually re-set to be the same. 

A.4: Explanation of clone antennas
Suppose 3 cells constitute a CoMP topology (
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. For the second CoMP cell, clone antennas No. 3 and No.4, which are the replica of antennas No. 1 and No.2, will be added by reconstruct the corresponding channel to be 
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. Thus, the MIMO configurations of the CoMP cells are virtually re-set to be the same. 
A.5: Detailed description of AS-MBSFN precoding scheme
Consider adding an antenna selection block after MBSFN precoding procedure, which can be represented by an 
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 denote the powers for Tx antennas in the bth CoMP cell, where positive elements correspond to activated antennas, zeros indicate otherwise. With total power constraint, 
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. While with individual antenna power constraint, each positive element in 
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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 6 shows the block diagram for AS-MBSFN in a similar style as the previous figures. 
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Figure 6: Illustration of AS-MBSFN precoding scheme (2 CoMP cells)

From equation (10), the capacity of AS-MBSFN precoding can be written as
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Similar to equation (5), 
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