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1. Introduction
The inter-cell interference (ICI) is the main factor on the limitation of the system performance especially for cells with frequency reuse factor of 1. There are many techniques have been discussed for ICI mitigation in the previous version of LTE, such as fractional path loss dependent power control and fractional frequency reuse etc. However, these techniques are all implemented at single cell without inter-cell cooperation on the physical layer.. The multi-site cooperative MIMO is a candidate technology proposed by many companies in LTE-advanced workshop to further improve the system performance. For example, in [2], a network MIMO is proposed and proven significant gain for both cell average and cell edge performance with large backhauling cost and computational load which is a challenge for LTE-advanced system. 

This contribution proposes a lower complexity alternative scheme of joint multi-cell MIMO with distributed inter-cell interference suppression using adaptive Rx beamforming specifically for uplink. In this scheme, the joint multi-cell processing is done after the localized linear Rx beamforming which minimizes the inter-cell co-channel interference among the users from different cells with the aids of the multi-cell reference signals. Unlike network MIMO, these multiple users could come from different cooperative clusters that guarantee the minimization of the interference before the signal combing within multi-cell. The joint multi-cell combing can be easily realized in the bit-level with limited number of signaling overhead and computation complexity.
In addition, to further reduce the backhauling cost, the proposal proposes a user-centric dynamic cluster definition based on long-term channel state information to define the cooperative size for those users at cell edge only with regard to the fact that the dominant interference is mainly from the edge users. 

This scheme has been validated through system simulation and shown 30~40% edge throughput gain with small average throughput gain in LTE Case 1. 
This proposed scheme can be used as a short-term candidate technique with the balance of system gain and complexity while network MIMO can be introduced as a long-term candidate technique which can provide more significant system gain with larger complexity.
2. Multi-cell MIMO with distributed inter-cell interference suppression
2.1. Motivation 

In the LTE-advanced, both the edge throughput and average cell throughput targets as 2~3 times as LTE R8. The view in this proposal is that the multi-site MIMO is the candidate technologies for enhancing the edge throughput while the SU-MIMO ,higher order modulation and MU-MIMO are the candidate technologies for enhancing the peak and average throughput. 

The network MIMO is proposed which both significantly improve the edge and average cell throughput, however, this cooperation among eNBs for all users needs to modify a little bit on current E-UTRAN architecture, consume high bandwidth on the backhauling and deserve joint processing capability. In addition, this cooperative MIMO needs a more complicated inter-cell scheduler to handle the inter-cluster communication in MAC layer.
Within current E-UTRAN architecture, here we propose a joint user-centric multi-cell cooperative MIMO and distributed inter-user inter-cell interference suppression in each cell with low complexity and backhauling cost.

2.2. Proposed approach: multi-cell MIMO with intra-Node B co-channel interference suppression
The basic idea is to apply the intra-Node B co-channel interference suppression among the users in neighboring cells with the aid of the multi-cell reference signals and user-centric inter-Node B cooperative MIMO in terms of soft-combing at the user’s serving Node B. 
The receive beamforming has been considered on each cooperative node B. The beamforming matrix could be chosen to meet the MSE criteria. To decode the desired UE signal in the non-serving node B, the receive beamforming should be used to null the strongest interference from its serving user or non-serving user. Illustrated in the Fig.1, the Rx beamforming have been done on the ‘neighbor NB2’ by considering to mitigate the interference from the UE2. 
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Figure 1  Multi-cell MIMO with intra-Node B interference mitigation and inter-cell combining
Dynamic user-centric Cluster definition based on long-term channel state information (CSI):
In multi-cell cooperative MIMO, the cluster is defined as a number of cells (eNBs) for each user to realize the multi-cell cooperative reception for the user. To well define the cluster for each user, it needs the CSI between the user to all the cells which consumes large number of reference signals and inter-cell signaling overhead. To avoid these, we define the user-centric cluster only based on the long-term CSI which could be the path-loss difference (PLD) between the user’s serving cell and non-serving cell as following:

Cluster of user i ={serving cell of user i, non-serving cell of user i with PLD (=PL of user i to its serving cell –PL of user i to its non-serving cell) <=PLD_threshold}

With a pre-configurable value of PLD_threshold, both the user type (center or edge users) and user number can be easily controlled based on the signal attenuation to achieve the balance between the complexity and cooperative gain. To further limit the inter-cell signaling cost, we can also predefine the maximum size of cluster M that only the nearest neighboring cells will be in the user’s cluster. 
Distributed single cell scheduler:
To simplify the scheduler design, the knowledge of the co-channel interference suppression among users is not used for user selection but could be used as prior knowledge for updating the MCS for the users with cooperative multi-cell transmission.
As usual, each cell can run the single cell scheduling independently. In our simulation, we choose a frequency-selective proportional fair (PF) scheduling algorithms used in LTE as a single cell scheduler where maximum 10 users can be scheduled within 10 MHz bandwidth for uplink using SC-FDMA. In calculating the scheduling metric for each user, the SINR of its non-serving radio link without interference suppression from its neighboring cells in the user’s cluster will be signaled to its serving cell to aid the single cell scheduler. The updated SINR with localized Rx beamforming is used to as blind knowledge only in our simulation. Actually, it can be used to update the link adaptation to achieve better spectrum efficiency. The scheduling results for edge UE (those UE who work in multi-cell MIMO mode) would be sent to corresponding neighbor eNBs to realize the interference suppression. 
More complicated inter-cell scheduling can be designed to further improve the system performance which is out of the scope in this document.
Localized adaptive linear Receiver beam forming in each cell:

The signal model can be represented as follows ::
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where sd is desired signal and sm is the co-channel interference. hd, hm is channel coefficient vector of desired signal and interference respectively. 
Based on the receiver beamforming, the serving cell and none serving will decoded the desired signal, here the weighting vector for receive beamforming is as following:
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where covariance matrix of the interference-plus-noise could be computed as following equation 
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. The resultant SINR at the receiver output is 
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Based on the number of Rx antennas and available multi-cell reference signals, each cell will dynamically select the strongest interferer(s) as the “colorful” noise to be mitigated in the Rx beamforming. This can improve the radio link signal strength before the multi-cell combing.
Multi-cell reference signal design:
The multi-cell reference signal(RS) is needed to estimate the CSI for the inter-cell co-channel interference suppression. Since only the edge users will support multi-cell cooperative transmission and limited maximum size of cluster is defined, the increasing of the multi-cell RS will not be significant. In addition, RS signature can be updated according to the cluster update which is slow and thus RS signature can be leveraged dynamically by different users to further reduce the RS number.
Multi-cell Soft combining:

With the localized linear receiver in each cell, both the serving radio link and non-serving radio link for each user have been strengthened with co-channel interference suppression. Thus simple soft-combing is sufficient with low backhaul cost and much low processing cost. With bit-level soft-combing, we can expect similar gain as traditional HARQ, however, with only cheaper backhaul cost than radio retransmission cost for HARQ.
2.3. System simulation scenario and results

This scheme is proposed for uplink only and thus we adopt the system simulation as LTE case 1 with the parameters as in Table 1.

Table 1. System simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

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

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Inter site distance
	500m

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	SCM

	UE TX power
	24 dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	power control 
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M is assigned number of Resource Blocks

	HARQ
	Synchronous IR with N=6 stop-and-wait HARQ protocol

	DFT-SOFDM symbols (Data symbols) per subframe
	2 SBs and 6 LBs (6 LBs)

	Scheduler
	Frequency-selective proportional fair scheduling

	Link Mapping
	EESM

	UE Transmitter / BS Receiver
	1x2 (1 antenna  / 2 antennas with space is 10lamada)

	Signaling overhead 
	2/7

	Channel estimation 
	Ideal


The simulation results of average throughput and edge throughput is evaluated. The gain over single cell scenario is computed. Table 2 given the simulation results with different PL cluster threshold and maximum number of cooperative cells. To fairly compare the gain, we control the cell average IoT to the close values for different scenarios.
Table 2 simulation results for multi-cell MIMO with ICI suppression
	PL difference threshold
	Number of Cooperative eNodeBs
	IoT(dB)
	Average throughput(kbps)
	Edge throughput(kbps)
	Average gain
	Edge gain

	
	0
	5.12 
	9.9164E+03
	3.0417E+02
	-
	-

	10(dB)
	1
	5.14 
	9.9642E+03
	4.0356E+02
	0.48%
	32.68%

	
	2
	5.32 
	1.0049E+04
	4.0827E+02
	1.34%
	34.22%

	
	3
	5.27 
	1.0150E+04
	4.1777E+02
	2.36%
	37.35%

	15(dB)
	1
	5.22 
	9.9917E+03
	4.0446E+02
	0.76%
	32.97%

	
	2
	5.27 
	1.0222E+04
	4.2260E+02
	3.08%
	38.94%

	
	3
	5.32 
	1.0258E+04
	4.2127E+02
	3.44%
	38.50%


3. Discussions
The inter-cell co-channel interference using linear receiving beamforming is efficient with the knowledge of channel information of interferers. With simple distributed single-cell scheduler, the edge throughput gain is sufficient which will largely reduce the complexity of scheduler design and implementation.

The proposed uplink Multi-cell MIMO could get 30~40% edge throughput gain over single cell transmission with small gain on the average cell throughput since the cooperative transmission is limited to edge users to balance the signaling and computation complexity. To achieve the system gain, two cooperative eNodeBs could be sufficient. 
Other technologies such as MU-MIMO are needed to further improve the average cell throughput as complimentary with multi-cell MIMO to improve the edge throughput.
4. Text proposals
We propose to capture the following text in the appropriate TS/TR:

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

For the uplink, the multi-cell MIMO with distributed inter-cell co-channel interference suppression using linear receiving beamforming can bring significant edge throughput gain with low complexity and can be considered as an efficient scheme to improve the edge throughput for LTE-advanced. To support the multi-cell MIMO, the multi-cell reference signals and backhaul interface should be defined. 
-----------------------------------End of text proposal-------------------------------------
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