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1 Introduction

CoMP is widely recognized to be a promising technique for sector throughput and cell coverage improvements. According to the LTE-A technical report [1], there are two types of the CoMP technique, including
· Coordinated scheduling and/or beamforming (CS/CB)
· Joint processing/transmission (JP/JT)
In the JP category, CoMP can be realized by two methods. One is sounding-based and the other is codebook-based. In the time division duplex (TDD) mode, the sounding-based method allows UEs to transmit sounding reference signals (SRS) in the uplink transmission, such that serving and coordinated eNodeBs can rely on SRS to know the downlink channels. After sharing the channel information among each others, the serving and coordinated eNodeBs can calculate their individual precoding weight vectors/matrices to jointly serve some specific UEs. 
In the codebook-based method, each UE of a CoMP service should choose the preferred codewords for the serving and coordinated eNodeBs, based on the measurement reference signals. However, since the codewords are only the quantized versions of the downlink channels experienced by an UE, they cannot completely match the UE’s actual downlink channels. That would lead to a non-coherent combination of the signals from the serving and coordinated eNodeBs at the UE end, such that some loss of diversity gain happens. This contribution focuses on discussing the particular problem of the codebook-based CoMP, and suggests incorporating a phase adjustment mechanism to further improve system performance.
2 Problem of CoMP 
The illustration of CoMP is shown in Figure 1. In a codebook-based JP, an UE uses measurement reference signals to estimate downlink channels from eNodeBs of a CoMP service. With the channel estimates, the UE does some calculations, based on which the best codewords for serving and coordinated eNodeBs are determined and then fed back. After obtaining the codeword information, the serving and coordinated eNodeBs utilize their corresponding codewords to transmit data to the UE. At the UE end, the composite precoded data is received without any interference perturbation.
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Figure 1. Illustration of CoMP.
A CoMP signal model is introduced below to ease the following explanations. It is assumed that there is one Nr-antenna UE in a CoMP service with K Nt-antenna eNodeBs, and Ns-layer transmission is considered. Accordingly, the signal at the mth receive antenna of the UE is given by
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 denotes the precoder matrix of the kth eNodeB, 
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 denotes the channel response between the UE’s mth receive antenna and the Nt antennas of the kth eNodeB, 
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 is the transmitted data vector, and 
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 represents the AWGN noise. 
Since each codeword can be viewed as a quantized channel response, it is impossible to perfectly match actual channel responses. Therefore, channel quantization error is incorporated into the precoding operation. What the negative effect reflects is the non-coherent combination of the signals from the two eNodeBs at the UE end. That is, the components 
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 are not coherently combined, since their phases are not aligned. That would lead to a large loss of macro-diversity gain. 
To leverage more diversity gain, it is an issue to align the phases of the signals received from the serving and coordinated eNodeBs. In the next section, a scheme, which aims to make a coherent signal combination realized, will be discussed.
3 Coherent Signal Combination of CoMP
As discussed in the previous section, the non-coherent signal combination results from the phase differences among the signals received from the serving and coordinated eNodeBs. As a result, the best strategy for minimizing the corresponding negative effect is to induce an additional phase adjustment factor for each transmission layer of each eNodeB. The phase adjustment factors can, to a certain extent, remove the phase differences among eNodeBs, and lead to a coherent signal combination at the UE end. To facilitate the proceeding discussions, at this moment it is assumed that each eNodeB is assigned a phase adjustment matrix, and then the signal model shown in (1) is revised as
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 is a diagonal phase adjustment matrix for the kth eNodeB, with 
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With the phase adjustment factor incorporated, an UE then should not only choose the best codeword but also the best phase adjustment matrix for each eNodeB. Firstly, the UE should choose the best codewords for the serving and coordinated eNodeBs based on a pre-defined criterion, and secondly choose their phase adjustment matrices to further improve the combination gain of the precoded channels. Here, a method for determining the phase adjustment matrices is introduced. It is assumed that the best codeword (i.e., 
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Method of Determining Phase Adjustment Matrices
The phase adjustment matrices 
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, are determined to maximize the overall signal power at the UE end. Mathematically, the optimization problem is written as
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It is noted that bk,j (see (1)) should be quantized by a pre-defined quantization rule, so as to make it possible for the UE to feed back the corresponding information of bk,j. Obviously, the selection of the number of quantization bits is a tradeoff between performance and feedback overhead. In the next section, some simulations are done to verify the benefits of the phase adjustment mechanism.
4 Simulation Results

In this section, some simulation results are provided. The simulation parameters are listed in Table 1. In each simulation set, either 1- or 2-layer transmission is considered. Moreover, three methods, which are summarized below, are compared.

1. Codeword selection based on per-eNodeB optimization: the UE selects the best precoding codeword for each eNodeB by respectively considering each UE-eNodeB link. Mathematically, the optimization problem is given by
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2. Codeword selection based on per-eNodeB optimization plus phase adjustment mechanism: the UE uses method 1 to choose the precoding codeword for each eNodeB and then determines its corresponding phase matrix based on (3). Since the number of the quantization bits for 
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 (see (2)) is 2, in total there are 64 phase combinations for each transmission layer. 
3. Codeword selection based on exhaustive search: the UE selects the best precoding codeword for each eNodeB by jointly considering the three UE-eNodeB links. Since the number of codeword elements for both the 1- and 2-layer transmissions is 16, the total number of the precoder combinations for the three eNodeBs is 4096, in each of the two transmission cases. The UE should try all of the 4096 combinations so as to find the best one. Similarly, the optimization problem is written as
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The best precoding codeword and phase adjustment matrix of each eNodeB are re-determined every 4 consecutive resource blocks. It is also assumed that the best codewords and phase adjustment matrices are fed back every 10 ms from the UE. Perfect channel estimation is assumed for the MRC and MMSE implementations. 
For the 1-layer transmission, Figures 2 and 3 show the CDF of average post-processing per-tone SNR in the subframe, which is 10 ms later from the one with the measurement reference signals, for SNR = 0 and 2 dB respectively. By comparing the curves for methods 1 and 2 in the two figures, it can be seen that the phase adjustment mechanism significantly improves the system performance. Furthermore, although method 2 performs a little worse than method 3, which utilizes the exhaustive search to find the globally optimal codewords, method 2 induces much lower computation complexity at the UE end. For the 2-layer transmission, Figures 4 and 5 show the performance tendencies, which are highly similar to that of the layer-1 case. It is noted that the result is the average post-processing per-tone SNR over the two transmission layers.
5 Conclusion
This contribution discusses the feasibility of incorporating the phase adjustment mechanism with the precoding operation. With the additional phase adjustment mechanism, the computation burden of an UE can be reduced, since there is no joint exhaustive search required to find the best codewords. The UE only has to individually find the best codeword for each eNodeB, and then find the phase adjustment matrices to further compensate the signal phase differences among the serving and coordinated eNodeBs. As a result, the computation complexity of codeword selection is linearly, rather than exponentially, increased with the number of the coordinated eNodeBs. Since the searching space of the phase adjustment mechanism can be designed to be small, UEs would incur insignificant additional computation complexity to determine the phase adjustment matrix of each eNodeB. Even the codeword exhaustive search is done by powerful UEs, the phase adjustment mechanism is also expected to provide another degrees-of-freedom to further enhance system performance. As a result, it is suggested to consider the phase adjustment mechanism into the codebook-based CoMP. 
Proposal 1: Suggest RAN#1 to discuss the feasibility of applying phase adjustment mechanism for the codebook-based CoMP.

6 Reference

[1] 3GPP TR 36.814, “Further Advancements for E-UTRA Physical Layer Aspects”, Release-9, V0.4.1, February 2009.
[2] 3GPP TS 36.211, “Physical Channels and Modulation”, Release-8, V8.7.0, May 2009.
Table 1. Simulation parameters.

	FFT size
	512

	Number of resource blocks for CoMP operation
	24

	Number of UE antennas
	2

	Number of eNodeB antennas
	4

	Number of CoMP eNodeBs
	3

	Channel model
	ITU Pedestrian B

	Velocity of UE
	3 km/hr

	Number of symbols in a subframe
	6

	SNR range
	0 and 2 dB

	Channel estimation
	2D-MMSE

	Receiver type
	MRC (1-layer transmission)
MMSE (2-layer transmission)

	Number of quantization bits for bk,j
	2 bits (uniform)

	Codebook type
	4-port codebook in Rel 8 [1]
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Figure 2. CDF of average post-processing per-tone SNR (number of layers = 1 and SNR =  dB).
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Figure 3. CDF of average post-processing per-tone SNR (number of layers = 1 and SNR = 2 dB).
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Figure 4. CDF of average post-processing per-tone SNR (number of layers = 2 and SNR = 0 dB).
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Figure 5. CDF of average post-processing per-tone SNR (number of layers = 2 and SNR = 2 dB).
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