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Uplink Multi-BS MIMO
Hongwei Yang, Xudong Zhu, Keying WU, Dong LI, Yang SONG, Hao Liu
Alcatel-Lucent Shanghai Bell
1. Introduction
During Session#56 till Session#57, three categories of multi-BS MIMO schemes in terms of macro-diversity combining, cooperative beamforming and interference cancellation were discussed and accepted into IEEE802.16m SDD as advanced uplink multiple antenna interference mitigation techniques [1]. These schemes can provide different levels of performance gain over traditional uplink single-BS MIMO, with different extent of system implementation complexity typically in backhaul network coordination cost. In order to enhance competitiveness of IEEE802.16m system in next generation wireless market, these schemes should continue to be developed in the stage of 16m amendment text development to satisfy operators’ requirements to improvement of uplink cell average throughput and especially cell-edge user throughput. For information, uplink multi-BS MIMO has been also widely discussed in 3GPP LTE-Advanced recently [2].
In this contribution, we provided some system-level performances of a typical implementation approach based on macro-diversity combining in the current SDD. The simulation results demonstrated sufficient performance gain from uplink multi-BS MIMO. We also proposed a text proposal for amendment text for uplink multi-BS MIMO.
2. Algorithm description
There are three categories of uplink multi-BS MIMO in the current SDD.
The first one, macro-diversity combining, requires the exchange of non-persistent allocations of scheduling information and soft-decision information across BSs. Through combining log-likely soft decision information generated at different BSs, signals can be enhanced with the help of macro diversity gain. But the generation of soft decision information at each BS still suffers from co-channel interference. 
The second one, cooperative beamforming, requires the exchange of non-persistent allocations of channel state information, scheduling information and quantized versions of received signals across BSs. Through joint multi-antenna processing carried out across multiple BSs, macro diversity gain and interference cancellation gain can be achieved well.
The last one is interference cancellation. In this case, a BS that is unable to decode data for a particular user may request a neighboring ABS to exchange the decoded data of the interfering users along with scheduling and transmission format related information. The information exchanged can be used in conjunction with channel state information for the purpose of successive interference cancellation. The gain from this scheme is mainly interference cancellation.
In this contribution, we simulated the first scheme. Each BS demodulates the desired signal from its serving MS as usual, as well as the co-channel interference signal from MSs served by its neighboring BSs. Soft decision information of these demodulated interference signal are transferred to the concerned neighboring BSs for further macro-diversity combining. In order to reduce the impact of co-channel interference on the generation of soft decision information, a receive beamforming is used for demodulation of interference signal. The receive beamforming matrix is computed based on MMSE criteria. To decode the desired signal of a mobile station received by its neighboring base stations, the receive beamforming is designed to null the strongest interference from its serving user of the neighboring base station. As shown in the Fig.1, when BS 2 demodulates the interference signal from MS1, Rx beamforming is used to minimize the impact of the interference from MS2 served by BS2.
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Figure 1 Uplink multi-BS MIMO with receive beamforming
Dynamic user-centric cluster definition based on long-term channel state information (CSI):
A cluster is defined as a number of base stations for each user to realize the multi-BS cooperative reception for the user. This is critical for joint reception of uplink multi-BS MIMO. In this simulation, 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 PL differentiation (=PL of user i to its serving cell –PL of user i to its non-serving cell) <=PLD_threshold}, where PL means path loss.
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 multi-BS 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.
Distributed single cell scheduler:
As usual, each BS 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 combined SINR after macro-diversity combining is used to as blind knowledge only in our simulation. Actually, it can be used to enhance the link adaptation to achieve better spectrum efficiency. The scheduling results for edge MS (those MS who work in multi-BS mode) would be sent to corresponding neighbor BSs to realize the interference suppression. 

BS in the cluster need to measure the UE served by its neighbor BSs. Therefore, the uplink sounding channel is preferred to be designed to avoid intra-cluster interference on sounding signal. Furthermore, coordination scheduling could also be consider here, however, it is more network-specific issues and has limited impact on specification.

Localized linear Receiver beam forming in those non-serving cells:
To suppress inter-cell interference, each none-serving BS within the cluster performs receive beam forming based on space MMSE criteria to suppress localized co-channel interference coming from its serving UEs. For each non-serving cell, the local user will be the strongest interferer with high probability. Since those BSs 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, interference mitigation gain can be achieved on top of macro-diversity gain for macro-diversity combining scheme.

Multi-BS macro-diversity combining:

With the localized linear receiver in each cell, both the serving radio link and non-serving radio link for each user have been improved with co-channel interference suppression. Further, with exchanging of soft decision among BSs, soft combining can be performed to achieve macro-diversity gain.
3. System simulation

IEEE802.16m evaluation methodology is used in this simulation [3]. And the simulation parameters are listed in Table 1.

Table 1. System simulation parameters
	User traffic model
	Full buffer
	Site layout
	19 cells, 3 sector per cell

	BS-to-BS distance
	500m
	User dropping
	Uniformly dropped, 10 users per sector

	permutation
	Localized
	Carrier frequency
	2 GHz

	Total bandwidth
	10 MHz
	MS Tx power
	23 dBm

	Antenna gain
	17 dBi for BS, 0 dBi for MS
	Scheduling
	Frequency selective Proportional fair (PF) scheduler

	PSD of noise
	-174.3 dBm/Hz
	Duplexing scheme
	TDD

	Frequency reuse
	1
	Power control
	Open-loop fractional power control

	Antenna configuration
	Linear uniform array, BS spacing 10(
	Antenna pattern
	3 sector antenna defined in 3GPP

	Antenna number
	1 Tx for MS, 2 Rx for BS
	Receiver type
	MMSE

	Lognormal shadowing
	8 dB std.
	Distance-dependent pathloss
	L=128.1+37.6log10(R), R in kilometers

	Penetration loss
	20 dB
	Shadowing correlation
	0.5 between cells, 1.0 between sectors

	Channel model for signal
	SCM, urban micro, 3 km/h
	PHY abstraction Subcarrier
	ESM

	Channel measurement and estimation
	Ideal
	Modulation and coding scheme (MCS)
	QPSK+1/2CTC, QPSK+3/4CTC, 16QAM+1/2CTC,16QAM+3/4CTC

	Channel model for interference
	Explicit inter-cell interference modeling
	HARQ mechanism
	Synchronous HARQ with chase combining

Max num of retransmission = 3


The simulation results of average sector spectral efficiency (SE) and cell-edge use SE are evaluated with different number of cooperative BSs and cell-edge user threshold as shown in Table 2. To fairly compare the gain, we control the cell average IoT to the close values for different scenarios.
Table 2 Simulation results of macro-diversity combining with Rx beamforming
	Power control factor α
	Number of Cooperative BS
	IoT(dB)
	Average sector SE (bps/Hz)
	Cell-edge user SE (bps/Hz)
	Average gain
	Edge gain

	0.8
	0
	4.36
	0.78
	0.031
	N/A
	N/A

	
	1
	4.86
	0.89
	0.038
	14.60%
	21.34%

	
	2
	4.64
	0.93
	0.038
	18.85%
	23.23%

	0.5
	0
	4.33
	1.00
	0.024
	N/A
	N/A

	
	1
	4.17
	1.07
	0.040
	7.35%
	68.13%

	
	2
	3.81
	1.08
	0.044
	7.84%
	82.66%


Proposed text for IEEE802.16m AWD
------------------------------------Start text proposal------------------------------------
15.a Interference Mitigation Techniques
15.a.b Multi-BS MIMO

15.a.b.c Uplink
The Advanced Air Interface shall support uplink multi-BS MIMO to allow joint reception of multiple ABSs. For macro-diversity combining, soft decision information in the form of log-likelihood ratios is generated at different base stations and combined. This will require the exchange of non-persistent allocations of scheduling information and soft-decision information across base stations. For cooperative beamforming, joint multi-antenna processing is carried out across multiple base stations. This will require the exchange of non-persistent allocations of channel state information, scheduling information and quantized versions of received signals across base stations. For interference cancellation, an ABS that is unable to decode data for a particular user may request a neighboring ABS to exchange the decoded data of the interfering users along with scheduling and transmission format related information. The information exchanged may be used in conjunction with channel state information for the purpose of interference cancellation.
15.a.b.c.d Measurement support
The AMSs shall be capable of reporting the interference information, e.g. SINR, SIR, RSSI, to the serving ABS through MAC message or PHY feedback. Multiple BSs can also coordinate their sounding channel allocation to ensure the orthogonality between sounding signals transmitted in neighboring cells.
15.a.b.c.d Inter-BS coordination
Management procedures and primitives should be defined for uplink multi-BS MIMO to aid inter-BS exchanging of channel quality information, radio resource scheduling information, signal information like soft decision information in the form of log-likelihood ratios, quantized versions of received signals, decoded data of the interfering users, etc.
------------------------------------End text proposal------------------------------------
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