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1. Introduction
In 3GPP LTE-A, coordinated multiple point transmission and reception have been agreed as the potential technique to improve the coverage of high data rates, the cell-edge throughput and/or increase the system throughput[1,2,3]. To uplink, coordination multi-point reception is expected to have little impact on LTE specification. In this contribution, we have proposed a solution of uplink multi-point reception which have little impact on LTE air-interface and have sufficient performance gain for LTE-A.
2. Multi-reception with distributed 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 uplink coordinated multipoint (CoMP) reception is the possible way to enhance system performance in terms of the edge throughput while the SU-MIMO, higher order modulation and MU-MIMO are there possible dominant technologies to enhance the peak and average throughput. 

Within current E-UTRAN architecture, we propose a joint user-centric multi-cell cooperative reception with distributed inter-cell interference suppression in each cell with low joint processing complexity and backhauling cost.

2.2. Proposed approach: multi-point reception with intra-cell co-channel interference suppression
The basic idea is to consider single cell processing for inter-cell co-channel interference suppression among the users in neighboring cells with the aid of the relative information of UE in neighbor cells. And user-centric cooperative reception signal should be aggregated on user’s serving eNB and have coherent or non-coherent combining thereafter. 
To interference suppression, the receive beamforming has been considered on each cooperative points. The receive beamforming matrix could be computed based on MMSE criteria. To decode the desired UE signal in the non-serving cells, 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-point reception with intra-cell interference mitigation and inter-cell combining
Dynamic user-centric Cluster definition based on long-term channel state information (CSI):
In CoMP, the cluster is defined as a number of points (eNBs) for each user to realize the multi-cell cooperative reception for the user. Here, 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 closet 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 CoMP 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 sites will be in the user’s cluster. Here the LTE R8 CPICH could be reused for decide CoMP cluster. 
Distributed single cell scheduling:
To guarantee the scheduler design performance, the CQI of UE to the cooperative point have been used for user on frequency selective scheduling. Furthermore, this information also could be used as prior knowledge for the MCS setting.
As usual, each cell can run the single cell scheduling independently. In calculating the scheduling metric for each user, the CQI 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 can be used to update the link adaptation to achieve better spectrum efficiency. The scheduling results for edge UE (those UE who work in CoMP mode) would be sent to corresponding neighbor eNBs to realize the interference suppression. 

Node B within the cluster needs to sound the UE from neighbor cells. Therefore, the SRS need to be carefully designed to avoid inter-cell interference on reference signal. Furthermore, coordination scheduling could also be considered here, however, it is more network-interval issues and has few impact on specification. 
Localized linear Receiver beam forming in those non-serving cells:

To suppress inter-cell interference, each none-serving node Bs within the cluster do receive beam forming based on space MMSE criteria to suppress localize co-channel interference come from UEs within those cells[4]. To each non-serving cell, the local user will be the strongest interferer with high probability. Since those eNBs have full information of its serving UE, this scheme will be practicable and efficient for performance improvement and easy to implement. 
By applying localized receive beamforming in non-serving cell, this can improve the radio link signal strength before the multi-cell signal combining.
Multi-cell reference signal design:
In LTE release 8, the group and sequence hopping scheme is used for reference signal to randomize the inter-cell interference to guarantee the reliability of channel estimation [5]. With multi-cell reception, whether the current LTE reference signal is sufficient should be further studied. The difficulty is that the number of orthogonal ZC sequence is limited, the situation became worse since there is up to 4 UE transmitter antenna. To guarantee orthogonal of reference signal of UE among different cell may need further coordinating between neighbour cells, which could further increase the system complexity. 
Multi-cell received signal 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. With bit-level soft-combining, we can expect similar gain as traditional HARQ, however, with only cheaper backhaul cost than radio retransmission cost for HARQ. Also, it is feasible to implement coherent combining by sharing the CSI among coordinated active set in addition to data information. 
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 with wrap round

	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

	Minimum distance between UE and cell
	35 meters

	UL power control 
	Open loop fractional power control using the path loss difference between the serving cell and strongest neighbour cell
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	HARQ
	Synchronous IR with N=6 stop-and-wait HARQ. The maximum  of 4 retransmissions

	SC-OFDM symbols (Data symbols) per subframe
	14 symbols 

	Scheduler
	Frequency-selective proportional fair scheduling

	Link Mapping
	EESM

	UE Transmitter / eNB Receiver
	1x2 (antennas with space is 10 wavelength)

	Reference Signal and control channel overhead 
	8 PRB reserved for  PUCCH, 2symbol per TTI reserved for Demodulation RS

	Channel estimation and Demodulation RS
	Ideal

	UE per sector
	10 


The simulation results of average throughput and edge throughput is evaluated. The Table 2 is the simulation results with different number of cooperative cells and edge user threshold. To fairly compare the gain, we control the cell average IoT to the close values for different scenarios. The 5-xil point of user throughput cumulative distribution value is derived as edge throughput. 
	Power control factor α
	Number of Cooperative points
	IoT(dB)
	Average throughput(kbps)
	Edge throughput(kbps)
	Average gain
	Edge gain

	0.8
	0
	4.36
	7.80E+03
	3.14E+02
	
	

	
	1
	4.86
	8.94E+03
	3.81E+02
	14.60%
	21.34%

	
	2
	4.64
	9.27E+03
	3.87E+02
	18.85%
	23.23%

	0.5
	0
	4.33
	9.99E+03
	2.40E+02
	
	

	
	1
	4.17
	1.07E+04
	4.04E+02
	7.35%
	68.13%

	
	2
	3.81
	1.08E+04
	4.39E+02
	7.84%
	82.66%


3. Proposals for 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.

For uplink, the user-based coordinated domain is could provide implementation flexibility.
The proposed uplink Multi-point reception could get about 70% edge throughput gains over single cell transmission. Power control factor impact the performance gain in edge throughput, therefore the power control scheme for CoMP need to be revisited.  
Limit coordination points could supply sufficient gain, therefore it could simplify the TA(time advance) design for multi-point reception. 
In order to get better performance and consider backward compatibility as well, sounding reference signal and demodulation signal should be reconsidered for uplink multi-point reception.
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