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1. Summary

RAN1 has agreed that implicit feedback should be available for DL CoMP [1], which will enable feedback overhead to be minimized for CoMP. Furthermore, in our view, it enables a relatively simple CoMP scheme to be specified. In our previous contributions [11-13], we introduced the concept of SFN precoding and SFN Precoding with Antenna Selection (AS-SFN precoding) for DL CoMP. In this contribution, we present system level simulation results to compare the performance of the different precoding schemes. 

Principal results from this contribution are:
· A simple CoMP precoding where the same precoding weights are used at each of the transmission points (SFN precoding) significantly boosts the edge UE throughput compared with that of no-CoMP baseline.

· A  simple extension to SFN precoding obtained by selecting a subset of transmit antennas at each of the transmission points (AS-SFN precoding) further enhances the edge user’s throughput, even compared to a global precoding scheme which has a greater overhead and higher complexity.

Given the simplicity of the precoding schemes and the associated low feedback overhead, we recommend that in cases where very limited or no additional implicit feedback is allowed for DL CoMP, a simple SFN precoding should be used. Moreover, in order to achieve higher spectral efficiency than offered by the simple SFN scheme, we recommend that a subset of transmit antennas are used from each of the cooperating transmission points.
2. Introduction

In order to fulfill the requirements of LTE-A [2], in particular the cell-edge throughput requirement, Coordinated Multiple Point transmission (CoMP) has been proposed by many companies [3]~[7]. The effectiveness of CoMP is well analyzed in [8] and the references therein. Two CoMP schemes have been identified in LTE-A [1], namely, Coordinated Scheduling (CS) & Joint Processing (JP). Furthermore, there are two subsets in JP:

· Joint Transmission (JT): PDSCH transmission from multiple points (part of or entire CoMP cooperating set) at a time data to a single UE is simultaneously transmitted from multiple transmission points

· Dynamic cell selection (DCS): PDSCH transmission from one point at a time (within CoMP cooperating set)
In our previous contributions [11]~[13], we discussed and compared various precoding schemes for DL JT CoMP. We observed that a very simple precoding scheme (SFN 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 SFN precoding in heterogeneous antenna configuration scenarios where each site has an unequal number of antennas. In addition, we also showed that by selecting a subset of the antennas at the transmission points, we can further enhance the performance of SFN precoding.
3. Precoding Schemes for LTE-Advanced
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Figure 1: Concept graph of DL JT CoMP

Figure 1 is a conceptual diagram of DL JT 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 JT using some kind of precoding schemes, depicted by the 3 arrows with different colours.

Various schemes for DL JT CoMP have been proposed lately [4], [8], [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. SFN precoding, is effective in enhancing the cell edge throughput [11]. We also showed that by incorporating Antenna Selection with SFN precoding (referred to as AS-SFN precoding scheme), the capacity can be significantly enhanced with a minimal increase in overhead [12]

 REF _Ref106182906 \r \h 
[13]. 
4. Description of the AS-SFN 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-SFN 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, in a typical CoMP setup, the number of receive antennas is likely to be much lesser than the total number of transmit antennas from all the transmission points. Hence for the CoMP UE’s  in order to make the most efficient use of resources, it is better to select a subset of the transmit antennas at each of the cooperating points and reallocate the power amongst the selected antennas. In the next simulation section, we show that by using Antenna Selection especially in a lower SNR region, we can significantly improve the cell edge spectral efficiency. This result is in agreement with well known results published by Telatar [15], indicating that at low SNR regimes the transmitter should only use a subset of its antennas. 

5. Simulations and results 

Simulations were conducted to compare the performance in terms of “Spectrum Efficiency” for 4 schemes - SFN precoding, AS-SFN precoding, codebook based global precoding and no-CoMP scheme (baseline). The detailed simulation parameters and CoMP scenario are described in Annex A.2, and the detailed results are shown in Figure 2. 
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Figure 2: System-level simulation results

In our simulations, for simplicity, we focused only on the CoMP UE’s. Based on pathloss measurements (found empirically by generating 10,000 uniformly distributed UE’s in a cell), the worst 10-percentile UE were selected for CoMP transmission. The cell edge UE throughput is obtained from the 50 percentile CoMP throughput.
In order to limit the complexity for AS-SFN precoding, we impose an additional constraint that at least 3 out of the 4 transmit antennas should be used at each of the transmission points.  The codebook-based global precoding uses 12-Tx precoding codebook obtained by concatenating 3 Rel.8 4-Tx precoding codebooks. Since there are 16 codewords in Rel.8 4-Tx precoding codebook, yielding 163 = 4096 codewords for 12-Tx global precoding, the complexity in finding the optimal codebooks and the associated feedback overhead for the global scheme could be quite high. The global precoding scheme is better than local precoding described in Annex A.1.3 because it performs an exhaustive search of the available codebooks. 
The comparison of results for the different precoding schemes is listed below in Table 1. 
Table 1: Comparison of different precoding schemes for DL JT CoMP
	Scheme

Description
	Spectrum efficiency

[bps/Hz/cell/user]

(same definition as that in 36.913)
	Overhead
	Percentage Gain by using CoMP

	No CoMP
	0.044
	one PMI

(Lowest)
	-

	SFN precoding
	0.067
	one PMI

(Lowest)
	52.27%

	AS-SFN precoding
	0.0743
	Extension of PMI space to allow for antenna selection for CoMP (medium)
	68.86%

	Codebook based global precoding (without antenna selection)
	0.0716
	Larger PMI space to account for separate PMI’s at each transmission point (Large)
	62.72%


Based on the simulations, we observe:

· By using a simple precoding (SFN precoding) whereby each of the transmission points use the same precoding weights, the performance over a baseline non CoMP transmission can be improved by over 50%
· By using a subset of transmit antennas at each of the transmission points (AS-SFN precoding) the edge UE throughput is further enhanced from the baseline by nearly 70%.
· AS-SFN precoding outperforms the concatenated codebook based global precoding (without antenna selection). This can be attributed to better resource utilization (number of antennas, power, etc.) of the AS-SFN precoding scheme. It also highlights the importance of antenna selection for CoMP operation. In order to maintain a fixed transmit power per antenna, we need to investigate further the scheduling of CoMP resources at the eNB such that different antennas cater to different UE’s and can maintain the constant power per antenna. Moreover, there is also a need for optimized codebook design taking into account the larger number of transmit antennas available for CoMP operation.
6. Conclusion

In this contribution, we simulated the performance of different CoMP precoding schemes (baseline non CoMP, SFN precoding, AS-SFN precoding, global precoding). We show that a very simple SFN precoding scheme can achieve significant gains over a non CoMP baseline for the cell edge users. We also show that in general since the number of cooperating transmit antennas is much larger than the number of receive antennas at the UE, it is better to use a subset of transmit antennas at each of the cooperating transmission points. Given the simplicity and low feedback overhead of SFN and AS-SFN precoding, we recommend them as candidates for a default CoMP operation mode.
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A.1: Detailed description of proposals for precoding schemes in DL JT 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 JT. 

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 [4]
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[8], is given by
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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, the capacity of an 
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 i.i.d Rayleigh fading MIMO channel with full CSI at transmitter is presented by [14]


[image: image37.wmf](

)

(

)

(

)

R

H

aggaggHaggagg

GP

CElog2det

Nkkkkkk

éù

=+

êú

ëû

IHWGGHW


( AUTONUM  \* Arabic )

where 
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 (2) SFN Precoding Scheme

Alternatively, the simplest precoding scheme is the SFN precoding [10], which can be described as
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where 
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) is a common precoding matrix for all CoMP cells. Figure 4 captures the main idea of SFN precoding scheme. 
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Figure 4: Illustration of SFN precoding scheme (2 CoMP cells)

Similar to equation (2), the capacity of compound channel 
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Here, 
[image: image47.wmf]k

G

 is under a local power constraint that 
[image: image48.wmf]{

}

H

trace

kk

g

<

GG

 because the power gain (factor 
[image: image49.wmf]B

) has already been reflected in the compound channel 
[image: image50.wmf]()

1

B

b

k

b

=

å

H

. Although the implementation of SFN 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 SFN precoding. (3) AS-SFN Precoding Scheme

Consider adding an antenna selection block after SFN precoding procedure, which can be represented by an 
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where 
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. One thing we hastily want to point out is that the above power constraint may grant unequal powers across antennas of the CoMP cells. Figure 5 shows the block diagram for AS-SFN in a similar style as the previous figures. 
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Figure 5: Illustration of AS-SFN precoding scheme (2 CoMP cells)

From equation (9), the capacity of AS-SFN precoding can be written as.
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A.2: Simulation parameters and setup of CoMP area
	Parameter
	Assumption

	Cellular Model and Layout
	Hexagonal grid, 3 Node-Bs, 3 cells per Node-B.

	Cells employing CoMP (CoMP cells)
	Cell 1, Cell 5, Cell 9

	UE’s position
(see Figure 6)
	CoMP UEs: edge UEs (the worst 10-percentile UEs); serving cell and 2 strongest non-serving cells are permutations of Cell 1, Cell 5, Cell 9

	
	Non-CoMP UEs: Dropped uniformly in cells

	Number of UEs in each CoMP cell
	15

	Number of UEs in each Non-CoMP cell
	30

	Carrier Frequency / System bandwidth
	2GHz / 10MHz 

	Number of subcarriers
	600

	Number of resource blocks (RB)
	48

	Number of subcarriers per resource block
	12

	Group RB size
	4 RBs

	Number of group resource blocks (GRB)
	12

	Inter-site distance
	500m (3GPP case1)

	Distance-dependent path loss
	L=128.1+ 37.6log10(R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between Node-Bs
	0.5

	
	Between cells
	1.0

	Penetration Loss
	20dB

	Antenna pattern
	As in 36.814 (below)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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	Combining method in 3D antenna pattern
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	Thermal noise density
	-174dBm/Hz

	Minimum distance between UE and cell
	35 meters

	Channel model
	SCM-C defined in 25.814

	UE speeds of interest
	3kmh (Doppler freq.=5.56Hz)

	eNB power class
	46dBm

	Number of UE antennas
	4

	Number of cell antennas
	4

	Multi-layer transmission
	Rank adaptive (up to 4 layers)

	Inter-cell Interference Modeling
	Out-of-cell interference is freq. selective. Channels from all cells (in the 3 eNBs model) to all CoMP UEs were explicitly modeled

	HARQ
	None

	Scheduler
	Proportional fairness

	Precoding scheme for CoMP UEs
	AS-SFN precoding; SFN precoding; 

codebook based global precoding

	Precoding scheme for regular UEs
	LTE Rel. 8 precoding scheme

	Codebook for 4-Tx precoding
	4-Tx antenna codebook defined in 36.211

	Codebook for 12-Tx precoding
	Concatenation of three 4-Tx antenna codebook defined in 36.211
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Figure 6: setup of CoMP area
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