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1. Background
The LTE-A system targets for a great improvement over LTE R8 system in terms of the peak data rate, average cell throughput, and cell-edge user throughput etc. The MIMO technique is an important building block to meet the requirement. However, the cell performances with MIMO are always limited by the inter-cell interference (ICI), especially with frequency reuse factor of 1. To solve this problem, various techniques have been proposed and widely discussed in many standardization organizations like 3GPP LTE, IEEE802.16e, etc. Typical examples include ICI-aware power control, flexible frequency reuse, macro diversity, ICI randomization with interference cancellation at receiver, and so on. These techniques can be used on the top of MIMO to improve the MIMO performance in interference limited scenarios. Most of these techniques can effectively improve cell edge user throughput, but often at the cost of either loss of average sector throughput or increased receiver complexity. In this contribution, the concept of collaborative MIMO (Co-MIMO) is proposed as a new solution to for ICI control, which can improve the cell-edge performance and the sector throughput at the same time, with limited complexity increase at the terminal. 

The idea of Co-MIMO is to perform joint MIMO transmission and reception between multiple coordinated BSs and multiple MSs over the same radio resources. Similar concepts in IEEE802.16m have been proposed by many companies, such as the BS cooperation from Mitsubishi [1], collaborative MIMO from Alcatel Shanghai Bell [2][3], network MIMO from Alcatel Lucent [4], and Co-MIMO from ETRI [5]. The advantage of Co-MIMO has been demonstrated by preliminary simulation results from different companies, especially for cell edge users. For example, in [1] and [2] a potential throughput gain of up to 100% has been demonstrated for cell edge users.   

Recently, 3GPP LTE-A have also started to pay a close attention to the Co-MIMO concept. Similar ideas have been proposed by many companies to LTE-A [6]~[10], including Ericsson, Motorola, DoCoMo, Alcatel Lucent, Samsung, LGE, Nortel, Hitachi, and etc. Co-MIMO has been generally regarded as a promising technique to achieve the requirement of LTE-A. To enhance the competitiveness of LTE-A against other standards, Co-MIMO should be supported. Therefore, we propose to support Co-MIMO as an enhanced MIMO option in LTE-A.

2. Concept of Co-MIMO and Basic Approach

The basic concept of Co-MIMO is joint MIMO transmission and reception between multiple coordinated BSs and a single MS or multiple MSs over the same radio resources. It has two basic features:

1) Each MS can be jointly served by multiple BSs through BS coordination over the same radio resource. By doing so, the ICI can be mitigated or even changed into useful signal power. 

2) Each BS can serve multiple MSs over the same radio resource. By doing so, the overall sector throughput can be improved.

An example of Co-MIMO on the downlink is shown in Fig. 1, in which two BSs jointly serve two MSs through coordination over the backhaul. 
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Figure 1. An illustration of Co-MIMO on the downlink

Co-MIMO involves three basic operations: 

1) Each BS acquires the channel information of all MSs that it serves. The channel information acquisition can be realized in various ways:

i. For the uplink, base stations estimate the channel directly from the MS reference signals. This applies to both TDD and FDD.

ii. For the TDD downlink, uplink estimates could be used for downlink transmission. For the FDD downlink, channel information is acquired through codebook feedback or analog feedback from the MSs.
Also, different types of channel information can be used in this operation: 

i. Short-term channel information, i.e., the channel matrix of each user, can be used.

ii. Long-term channel information such as the channel covariance matrix can be used.

2) BSs exchange information needed for coordination. Various ways can be used to implement information exchange: 

i. Full channel information exchange: Each BS may need to share the complete channel information, e.g. short-term channel matrices, between itself and MSs that it may serve through Co-MIMO. 

ii. Partial channel information exchange: Each BS may only need to share a part of the channel information, e.g. the long-term CQI, RSSI in conjunction with other DL preamble measurements or the covariance channel matrices between MSs and itself. 

iii. Scheduling information (e.g., time, frequency, transport format, etc.) may also be shared between BSs.
3) Based on the information obtained in 1) and 2), multi-BS transmitter processing is applied on the downlink for the MSs being jointly served by the coordinating BSs. Different multiuser transmitter and receiver processing techniques such as block diagonalization, SINR maximization, interference cancellation, beamforming, etc. may be used. Various technical alternatives can be considered to provide different tradeoffs between performance and implementation cost.
3. Potential System Impact

Co-MIMO can be regarded as an evolution of macro-diversity and multi-user MIMO that allows the benefits of both macro-diversity and MU-MIMO to be realized across a set of coordinating BSs. Both MDHO and MU-MIMO (single-BS) have been supported in LTE, so Co-MIMO can reuse and extend these mechanisms to realize most of its functions [1][3]. In particular: 

· In Co-MIMO, the BSs should be grouped into coordinating sets, containing the BSs that are likely to coordinate with each other. This function is similar to the concept of a diversity set in the handover, and can be implemented in the similar way. 
· Data transfer between multiple BSs and the same MS bears significant resemblance to macro-diversity where multiple BSs communicate with one MS, e.g. radio resource synchronization and synchronous data distribution to multiple BSs.

· Data transfer between a BS and multiple MSs is similar to MU-MIMO, where one BS communicates with multiple MSs.
The similarity between Co-MIMO and Macro-diversity/MU-MIMO minimizes its impact on the standard, so that we can reuse the existing standard with limited modifications and enhancements to realize Co-MIMO. The key modifications/enhancements needed are discussed below. 

Overhead on the backhaul: 

Coordination among BSs needs information exchange through backhaul, which will cause additional overhead on the backhaul.

Channel measurement

In LTE, the channel measurement mechanism has already been defined for single-BS MIMO in both TDD and FDD mode. Co-MIMO can reuse this mechanism by introducing some enhancements. In particular, in single-BS MIMO, each BS only needs the channel information of users associated to it, while in Co-MIMO, each BS needs the channel information of users associated to other BSs as well. The existing channel measurement mechanism cannot support this function and needs to be improved. 

Reference structure design

LTE defines a preamble on the downlink, uplink and downlink reference signals, and a sounding channel on the uplink that can be used for channel estimation. Co-MIMO can leverage these mechanisms with some minor enhancements. In particular, in single-BS MIMO, the channel only needs to be estimated between each MS and its associated BS, while in Co-MIMO channel estimation may need to be performed between each MS and multiple coordinating BSs as well. For this purpose, it is preferred to use orthogonal reference symbols among coordinating BSs so that the channels can be separated correctly.
4. System simulation scenario and results

At present, this simulation only focuses on downlink Co-MIMO and basically aligns with TR25.814 LTE case 1 evaluation methodology with some specific parameters as Table 1.
Table 1. System simulation parameters
	Parameter
	Assumption
	Parameter
	Assumption

	cell division
	DL, 7 cells, 3 sectors per cell
	Link-system interface
	ESINR based on channel capacity

	Fading channel
	SCM Urban Micro
	Traffic model
	Best-effort

	Subcarrier mapping
	distributed
	MCS
	QPSK ½, ¾; 16QAM 1/2, ¾; 64QAM 2/3,  ¾

	ISD
	500m
	MIMO detector
	ML for STC, MMSE for SM

	Path loss model
	Hata model (Kc=-2)
	BS CSI Acquisition
	Perfect

	Scheduling
	Random scheduling
	Mobility
	3kmph

	Channel codec
	CTC w/o rate matching
	Inter-cell Interference Modelling
	Explicit modeling

	MIMO schemes
	2x2 MIMO, 4x2 CL-MIMO, 4x2 Co-MIMO
	Channel estimation
	Penalty based on real channel estimator

	Antenna configuration
	Unified antenna polarization with antenna element spacing of 4λ
	HARQ mechanism
	Synchronous HARQ with max retransmission # of 3, Chase combining

	PHY overhead
	CP: 7%; Pilots: 9.52% (2Tx), 14.29% (4Tx);

Control symbol: 11.9%; SCH: 0.7%; BCH: 0.7%
	Total PHY overhead
	29.82% for 2Tx and 34.6% for 4Tx


Basic algorithms used in our system simulations for 2x2 MIMO, 4x2 CL-MIMO and 4x2 Co-MIMO:

· 2x2 MIMO adapts open-loop STC/SM switch criteria, which maximizes average capacity over the allocated time-frequency resource;

· 4x2 CL-MIMO is based on the DL channel matrix, to perform SVD to it, and select the two largest eigen-vectors as precoding vectors;

· 4x2 Co-MIMO refers to two BS (with 4 transmit antennas per BS) serving two MS (with 2 receive antennas per MS), and each MS receives two data streams coming from each of the two BSs, and each BS performs precoding based on channel matrix between itself to the mentioned two MSs.

In order to fully estimate Co-MIMO technique, we divide two scenarios to do simulation with comparison among 2x2 MIMO, 4x2 MIMO and 4x2 Co-MIMO: 

Scenario 1 - coordination everywhere in a cell
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Figure 2. Coordination everywhere in a cell
Table 2. Simulation results with coordination everywhere
	Techniques
	Sector capacity (bps/Hz/Sector)
	5% cell-edge capacity (bps/Hz/Sector)

	2x2 MIMO
	0.98
	0.037

	4x2 CL MIMO
	1.46
	0.06

	4x2 Co-MIMO
	1.73
	0.12


Scenario 2 - coordination only at cell edge
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Figure 3. Coordination only at cell edge

Table 3. Simulation results with cell-edge coordination only
	Techniques
	Sector capacity (bps/Hz/Sector)
	5% cell-edge capacity (bps/Hz/Sector)

	2x2 MIMO
	0.98
	0.037

	4x2 CL MIMO
	1.46
	0.06

	4x2 Co-MIMO
	1.58
	0.09


According to simulation results analysis, Co-MIMO everywhere in a cell brings significant gain in terms of sector capacity and cell-edge capacity. Co-MIMO at cell edge also brings attractive sector capacity gain, especially cell-edge capacity gain, at lower implementation cost than Co-MIMO everywhere in a sector

Further simulation results will be updated later to be compatible with LTE evaluation methodology and to integrate further optimized Co-MIMO algorithms

5. Conclusions
We propose to support the Co-MIMO technique in LTE-A as an enhanced MIMO option to mitigate ICI as well as improve the sector throughput. Based on the existing simulation and analysis results from various companies, Co-MIMO serves as an important supplement to the existing single-BS MIMO techniques such as SU-MIMO and MU-MIMO. In particular, single-BS MIMO can be used at the cell center to improve the peak data rate (by SU-MIMO) and sector throughput (by MU-MIMO), while Co-MIMO can be used at the cell edge for better ICI control and to improve the cell-edge throughput. Therefore, we recommend supporting three MIMO options, namely single-BS SU-MIMO, single-BS MU-MIMO and Co-MIMO in LTE-A. 

6. Text Proposal
We propose to capture the following text in Section 8 of TR 36.XYZ [14]:

-----------------------------------Start of text proposal-------------------------------------

In LTE-A, the collaborative MIMO (Co-MIMO) should be supported for inter-cell interference mitigation to improve both the average sector and edge user throughput. The Co-MIMO performs a joint MIMO transmission between multiple coordinated BSs and multiple MSs. Co-MIMO has two basic features: Each MS can be jointly served by multiple BSs over the same radio resource and each BS can serve multiple MSs over the same radio resource

-----------------------------------End of text proposal-------------------------------------
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