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1 Introduction 
Coordinated Multipoint Transmission and Reception (CoMP) is being studied as a potential technology for LTE-Advanced [1]. CoMP in the downlink is understood to be either joint transmission or cooperative precoding (termed as CB in [1]), based on the presence or absence of centralized data above all. In this document we present our views on cooperative precoding (CB).
2 Cooperative Precoding
In this section, we introduce cooperative precoding based on a Fractional Frequency Reuse (FFR) and precoding matrix indicator (PMI) coordination.

Using Cauchy-Schwartz inequality the SINR ((k) experienced by a UEk when employing linear MMSE receive processing can be lower bounded as follows,
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(1)
Here, Sk is the index set of dominant interferers to UEk, (2 corresponds to the variance of residual interference and thermal noise in the system and Vj is the precoders employed by UEj. It may be noted that eqn (1) corresponds to the case when channel H and precoders V are random. In Rel-8 conventional beamforming, eNBj serving UEj selects a precoder which maximized the received signal strength at UEj. However in cooperative precoding, the following cases emerge:
i. In case of a UE at the cell-edge, 
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In this case, if UEk can estimate the channels from co-channel eNBs and feed them back (either by means of an efficient backhaul or by over the air signaling), then eNBj’s can select their transmission so as to maximize (k.

ii. In case of an in-cell UE, 
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In this case, if the eNB can compromise on some of the precoding gains possible then the cell-edge UE performance can be improved

Our proposal is to use a combination of both, so as to ensure that the cell-edge UE gets an improvement in performance without compromising on the performance of the in-cell UE.

To ensure that such cooperation is possible, we employ the following framework for user cooperation. For the system description given in Fig 1., we employ the user grouping framework in Fig 2. We use a FFR framework whereby adjacent cell sites do not allot the same spectral resources simultaneously to cell-edge UEs.
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Fig 1. UE grouping showing in-cell and cell-edge UEs

In this framework, the entire spectrum is divided into three parts and the cell-edge UEs are assigned a different third by neighbouring cell-sites. This ensures that one cell-edge UE and two in-cell UEs get serviced by three adjacent BSs at any given point in time. It may be noted that, much of this can be managed at the scheduler level.
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Fig 2. FFR Framework for Cooperative Precoding
3 Algorithm for Cooperation
In the section, we introduce an algorithm for cooperation in this FFR framework. Assuming a codebook V = {V1,V2, · · · ,V|V|} consisting of |V| code vectors, we define Lkj = Tr[VHHHkjHkjV] as the signal leaked from eNBj into UEk. There is a subset of precoding vectors VF of V giving a positive value (in dB scale) for Lkj which we refer to as co-phasing vectors, while the complementary subset VC which gives a negative value (in dB scale) is termed as cancelling vectors. A vector lkj of the indices in V is created by sorting the corresponding Lkj(V{a}), V{a} ∈ V, in decreasing order. Then the algorithm for choosing precoders matrix can be captured using Algorithm 1.
[image: image6.png]Algorithm 1: Base Station Cooperation

1: for all i users do
UE; identifies BS;, j € S;
UE; estimates H;;, j € {i,S;}
UE; computes /;;, j € {i,S;}
UE; forwards the /;;s on-air to BS;
end for
BS,; retains /;; and forwards /;;,j € S; to BS;
BS;. serving {cell-edge} UE}. chooses VY for precoding its transmission to UE}
o: BS;, j € S arrives at an optimal value V{} for {in-cell} UE; using the relation
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This type of cooperation amongst BSs ensures that cell-edge UEs get improved throughput. This framework also ensures that the system remains causal with respect to the choice of precoders in the different cells.
Cooperative precoding when performed in this manner requires feedback of the optimal PMI and indicator on how a compromise can be achieved, a new feature that needs to be studied. Moreover, for cooperative precoding purposes, it would be better to employ new precoders, which have inherent direction indicator properties.
4 Performance comparison
Table 1 shows the simulation parameters used in the evaluation. Simulation results are presented for the two cases where the base stations employ 2 and 4 antennas respectively. We employed a extended Rel-8 codebook with 8 entries {exp([0, 1, 2, 3, 4, 5, 6, 7](/4)} for two transmit antennas and a 64 entry codebook employing entries {1, -1, j, -j} for four transmit antenna case. We have considered the urban macro scenario in our simulations.
Table 1 – Simulation parameters
	Carrier frequency
	2 GHz

	Cell layout
	Hexagonal grid, 19 cell-sites, 3 sectors per cell-site

	Antenna pattern at Node B
	70-deg. Sectored beam with tilt 

	Inter-site distance (ISD)
	500 m

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	5 RBs

	Distance-dependent path loss
	128.1 + 37.6log10® dB

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Channel model
	Extended Pedestrian A (EPA) 

	Spatial correlation between antennas
	Uncorrelated

	Transmission power of Node B
	46 dBm

	Moving speed (Max. Doppler frequency)
	3 km/h

	Number of Node B / UE antennas
	2/4 (eNB), 2 (UE)

	Rank adaptation
	Rank adaptation, and up to 2 for one UE

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	Full buffer

	Control delay (scheduling, AMC)
	2 msec

	MCS set
	3GPP LTE MCS values 

	Channel estimation / CQI measurement
	Ideal

	UE receiver assumption
	MMSE for SU-MIMO Rank 2


When employing two transmit antennas, the cell-edge UE feeds back 3 bits to its serving eNB. The cell-edge UE will feed back 3 bits for PMI and 1 bit for direction indicator to an (in-cell serving) co-channel eNB. The in-cell UE feeds back 3 bits for PMI and 1 bit for direction indicator.
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Fig 3. Cooperative Precoding Gains with 2 Tx antennas

Fig 3., gives the CDF of the spectral efficiency gains when the eNBs employ two transmit antennas each. From Table 2., it can be seen that there is a spectral efficiency gain of about 9% over the mean value and over 21% for the cell-edge value.
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Table 2. Comparing Cooperative Precoding Gains with 2 Tx antennas
When employing four transmit antennas, the cell-edge UE feeds back 6 bits to its serving eNB. The cell-edge UE will feed back 6 bits for PMI and 3 bits for direction indicator to an (in-cell serving) co-channel eNB. The in-cell UE feeds back 6 bits for PMI and 3 bits for direction indicator.
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Fig 4. Cooperative Precoding Gains with 4 Tx antennas

Fig 4., gives the CDF of the spectral efficiency gains when the eNBs employ two transmit antennas each. From Table 3., it can be seen that there is a spectral efficiency gain of 14% over the mean value and over 41% for the cell-edge value.
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Table 3. Comparing Cooperative Precoding Gains with 4 Tx antennas
5 Conclusion

We have presented a schema for cooperative precoding, which is based on PMI coordination working alongside an FFR. Simulation results for improved performance were also given. Additional results will be presented in future meetings. The performance gains will be limited by the quality and quantity of feedback made available. It is recommended that RAN1 discuss on issues related to feedback quantization, delay, codebooks and others.
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