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1. Introduction
Beyond LTE Rel. 8, another generation of upgrade in cellular technology is necessary to further improve the network performance in terms of throughput, latency and various other aspects [1-16]. Of a particular interest is to increase the throughput by using cooperative multi-cell communication, where eNBs in different cells coordinate with one another for a joint transmission to one or multiple UEs in the DL, or joint processing of signal received on the UL [2-16].  Multiple eNBs collaboratively construct a virtually bundled MIMO transmitter, or alternatively a “super eNB”, where system information (e.g., data traffic, channel information, scheduling assignment) are shared to jointly configure the transmission such that signals from different cells may assist other cells’ communication rather than be treated as detrimental interference. One natural technique to facilitate collaboration across different eNBs with multiple antennas is precoding where the signal from each eNB can be shaped in such a way that the composite signal from different eNBs is received with increased array gain.
In this document, we discuss several possible network MIMO precoding schemes and identify their impact on the system from different perspectives.
2. Network MIMO with Precoding
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Figure 1. Illustration of network MIMO
We consider one super-eNB which comprises of N eNBs transmitting in the downlink transmission to a UE. Denote the number of transmit antennas at the n-th eNB and the number of receive antennas at UE as 
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, respectively. Assuming the most general setup with linear precoding, the received signal can be expressed as follows:
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where 
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 is a common 
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-dimensional data vector transmitted across the N eNBs, 
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 precoding matrix applied on the n-th eNB, 
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 channel matrix from the n-th eNB to the UE, and 
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 is a power scaling factor. The aggregated matrix 
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 can be treated as a single precoding matrix for the 
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 distributed antennas. As clearly seen from (1), the following constraint holds in general:
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Consequently, if 
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(which is more likely in practice), the excess dimensions simply serve to offer selection diversity gain. In addition, network MIMO cannot increase the system peak data rate of any of the cells in the super-cell unless 
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It can also be inferred from (1) that the following transmission modes are possible for network MIMO precoding:
· Different eNBs in the super-eNB may operate in a distributed spatial multiplexing mode (see Figure 2). That is, each eNB transmits a distinct set of 
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data streams. The main consideration of this mode is to increase the downlink throughput by enabling several eNBs to transmit concurrently in a multiplexing manner. In such case:  
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 is possible for some eNBs at a given instant.
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Figure 2. Distributed spatial multiplexing
· Alternatively, different eNBs may operate in a distributed transmit diversity mode, i.e., each eNB sends a coded copy of the same traffic data to the UE by deploying distributed space-time/frequency codes or distributed beamforming. The major benefits of this mode are to improve the diversity/reliability performance, especially for UEs located at the cell-edge. 
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Figure 3. Distributed transmit diversity
· For the best performance, however, the choice of 
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should achieve both purposes to some degree. 
In any case, the constant-modulus property needs to be satisfied such that each precoding matrix 
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 applied on the n-th eNB 
[image: image24.wmf](

)

N

n

£

£

1

 should be constant modulus in order to meet the power amplifier balancing. 

If backward-compatibility with the E-UTRA Rel.8 is desired, codebook-based precoding seems preferred over the non-codebook-based precoding. An exception is for cooperative rank-1 beamforming across multiple eNBs where the dedicated RS can be used to facilitate non-codebook-based precoding. Assuming codebook-based precoding, two different design approaches exist:
1. Joint design: A single “super-codebook” is designed considering multiple eNBs. 
2. Separate design: A set of N (possibly common) codebooks is designed where each codebook is designated for one eNB.
Overall, separate design may appear more flexible for the following reasons:
· Rank/precoding adaptation for different eNBs can be performed separately and more flexibly. When one eNB determines to change its rank indicator (RI) and precoding matrix indicator (PMI), the DL transmission of other eNBs could remain unchanged. 
· UE uplink feedback is more flexible as feedback to multiple eNBs could be possibly separate. 
· The set of eNBs in a super-eNB can be configured more adaptively to achieve better performance, since the number of transmit antennas of a super-eNB is not required to be constant.

3.  Backhaul Information
An implementation example is given by Figure 4. Some common information should be shared between eNBs in backhaul network. The backhaul information can be signaling data 
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 and it should be delivered to each eNB after/when they are precoded. The RI and PMI for each of eNBs can also be sent to the nearest eNB/super eNB and can be transmitted through backhaul network. Alternatively, all of the uplink information can be combined at a single eNB and the net combined rank and precoding information is sent to the different eNBs.
Some other backhaul information is UE scheduling information that tells which UEs are scheduled at specific RBs. A single eNB can hold the scheduling information and when the UEs are scheduled, the scheduling information can be distributed to all the different eNBs in the super eNB. This information can also be held in the super eNB and when the UEs are scheduled, the scheduling information can also be distributed to all the different eNBs in the super eNB. A network topology of eNBs in super eNBs can be one of the backhaul information. The topology can either be dynamically changed or semi-statistically changed.
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Figure 4. Illustration of backhaul communication
4. Control Signaling
For uplink control signaling, after the UE decides the rank and the precoding matrix, the corresponding RI and PMI should be delivered to the nearest eNB/super eNB using either uplink control channel or uplink shared channel. In addition, for an appropriate downlink modulation and coding scheme (MCS) downlink transmission, channel quality indicator (CQI) is also delivered to the nearest eNB/super eNB using either uplink control channel or uplink shared channel.
For downlink control signaling, based on the reported RI/PMI/CQI from the UE, the scheduler needs to perform downlink scheduling and determines on which bandwidth and with what MCS a UE should be allocated in downlink transmission. In certain cases, it is also necessary for the eNB(s) to overwrite the reported RI/PMI/CQI from the UE in case eNBs consider such uplink reported information unreliable and determine to use a (pre-defined) default value instead. In either case, the selected RI/PMI/CQI needs to be conveyed to the UE within downlink control signaling (e.g., via the downlink grant), so that UE can configure the receiver structure to successfully decode its signal. Network topology information can also be reported in the same way. This information is reported to the UE using either a subset of eNBs in a super eNB or the super eNB directly.
5. Conclusion
This contribution presented network MIMO precoding with cooperative multi-cell processing. Different network MIMO modes (i.e., multiplexing and diversity) were discussed and various codebook-based precoding alternatives were outlined. Mechanisms of backhaul communication and control signaling were also considered.
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