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Downlink Multi-BS MIMO PHY Amendments – Interference Nulling
Keying Wu, Dong Li, Hongwei Yang, Xiaolong Zhu
Alcatel-Lucent Shanghai Bell Co., Ltd.

1.
Introduction
In the current 16m SDD [1], multi-BS MIMO is accepted as an advanced MIMO technique to mitigate inter-cell interference (ICI) in Section 20.2. In 3GPP LTE-A, the concept of multi-BS MIMO (referred to as coordinated multi-point transmission) has already be accepted, and two different approaches, namely, coordinated scheduling/beamforming and joint processing/transmission, have been identified to suit different application scenario and performance/complexity requirements. To keep the competitiveness, 16m also needs to support different multi-BS MIMO techniques to provide different tradeoffs between complexity and performance and cope with different system requirements. In 16m SDD, several multi-BS MIMO techniques have been defined, including precoding matrix index (PMI) coordination, inter-cell interference nulling, closed-loop macro diversity (CL-MD) and multi-BS collaborative precoding (Co-precoding). Among these techniques, inter-cell interference nulling has the lowest implementation complexity and least impact on the current network. It can achieve a considerable throughput gain for cell edge users with negligible additional complexity.
PMI coordination and inter-cell interference nulling have the similar concept of mitigating interference to a neighboring cell during precoding. The difference is that the former is based on PMI feedback and the latter based on uplink sounding. Compared with PMI coordination, interference nulling doesn’t need to exchange channel state information between BSs, and thus is potentially more robust to delay of backhaul network transmission or MAC messaging.
In this contribution, we will give a more detailed discussion about inter-cell interference nulling, including its basic principle, benefit and cost analysis, impact on the specification, and system-level simulation results to demonstrate its advantage. Finally, corresponding amendment text is proposed for inter-cell interference nulling.

2.
Inter-Cell Interference Nulling
2.1 Basic principle
Inter-cell interference nulling through multi-BS coordination aided precoding exploits any additional spatial degrees of freedom at a single BS to reduce the interference to a neighboring cell. Fig. 1 shows an example of inter-cell interference nulling, in which each MS receives data only from its serving BS, while the neighboring BS adjusts its signal waveform to reduce the interference to this MS. 
In order to null/restrict the interference to a neighboring MS, a BS needs to know the channel state information (CSI) between itself and the neighboring MS. In TDD, this can be done through UL sounding based feedback: A BS estimates the CSI of the neighboring MS via its sounding signals, and avoids the interference to this MS via proper precoding matrix selection for its own MS.
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Figure 1. Illustration of the interference nulling technique
From the above discussion, we can see that inter-cell interference nulling shares many similarities with PMI coordination. They both perform single-cell adaptive precoding while avoiding interference to a MS served by a neighboring BS via proper precoding matrix selection. The major difference between inter-cell interference nulling and PMI coordination is that the former uses sounding based precoding while the latter uses the codebook based precoding.
2.2 Analysis

In the following, we try to analyze the cost and gain of the inter-cell interference nulling technique using Fig. 1 as an example. Denote by Hi,j the fading matrix between BS-j and MS-i. The signals received at MS-i can be represented as
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where si is the message transmitted at BS-i, wi the precoding matrix used at BS-i, and ni the additive white Gaussian noise (AWGN) at MS-i. The signal-to-interference-plus-noise-ratio (SINR) of MS-i can be expressed as
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where p is the transmission power, and (2 the noise power. 

When inter-cell interference nulling is used, each precoding matrix wj is selected such that the interference power to the neighboring MS 
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 is nulled/controlled, leading to an interference reduction gain for the neighboring MS. At a cost, the freedom that can be used to select wj is reduced, which consequently leads to a loss in the signal power 
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 to the serving MS. Consequently, interference nulling is beneficial to the aggregate throughput only when the throughput gain due to interference reduction gain is larger than the throughput loss due to signal power loss. This suggests that the inter-cell interference nulling technique is most suitable for cell-edge MSs. Since the SINR of a cell-edge MS is mainly limited by the inter-cell interference, eliminating/decreasing one major interference source will bring a considerable gain. For a cell-center MS, however, the gain from eliminating/decreasing one major interference source is much lower, which may not worth the resultant cost of signal power loss at the interfering BS. 

2.3 Impacts on the specification

The inter-cell interference nulling technique will have the following impacts on the 16m specification.
The impact on resource permutation
To achieve better performance, the inter-cell interference nulling technique requires the BSs involved in coordination to synchronize their resource permutation and allocation. For example, the two BSs in Fig. 1 is better to schedule the exactly same physical resource to the two MSs, so that their interference to each other can be nulled/controlled over the whole resource allocation.
The impact on UL sounding
When performing interference nulling, a BS needs to estimate the CSI between itself and its serving MS, as well as the CSI between itself and the neighboring MS. For this purpose, the BS must receive the sounding signals from both MSs. To avoid the inter-MS interference in the sounding transmission, orthogonal sounding channels should be used for the two MSs, which need to be negotiated between the two serving BSs of the two MSs, and signaled to the two MSs.
2.4 Simulation results
From the above discussion, we can see that the interference nulling technique is most suitable for cell-edge MSs. In our simulation, cell-edge MSs are classified by their long-term SINR. If one MS has a lower long-term SINR, it will be classified as a cell-edge MS; otherwise it will be classified as a cell-center MS. The interference nulling operation will only be applied to cell-edge MSs.
Based on simulation assumptions in Table 1, we compare system-level simulation results between single-BS MIMO and inter-cell interference nulling in Table 2. As a conclusion, we can see 29% cell-edge performance improvement with no sector average performance loss.
Table 1. Simulation condition
	User traffic model
	Full buffer
	Site layout
	7 cells, 3 sector per cell

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

	Frequency reuse
	1
	Carrier frequency
	2 GHz

	Total bandwidth
	10 MHz
	BS Tx power
	46 dBm

	Antenna gain
	17 dBi for BS, 0 dBi for MS
	MS cable loss
	0.5 dB

	PSD of noise
	-174.3 dBm/Hz
	MS Rx noise figure
	7 dB

	Antenna configuration
	Linear uniform array, BS spacing 4(
	Antenna pattern
	3 sector antenna defined in 3GPP

	Antenna number
	2/4 Tx for BS, 2 Rx for MS
	Receiver type
	MMSE for SM

	Lognormal shadowing
	Mean = 0, standard deviation = 8 dB
	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
	Channel model for interference
	Time-variable multipath SCM for 8 strongest interfering sectors, time- variable single-path spatial-white channel from other 12 weakest interfering sectors

	Channel acquisition
	Perfect channel estimation
	Modulation and coding scheme (MCS)
	QPSK 1/2 with repetition 1/2/4/6, QPSK 3/4, 16QAM 1/2, 16QAM 3/4, 64QAM 2/3, 64QAM 3/4, 64QAM 5/6, all with CTC

	Band selection for AMC
	1 CQI feedback every 2 continuous logical band (LB)
	HARQ mechanism
	Synchronous HARQ with chase combining

Max num of retransmission = 3

HARQ retransmission delay = 3 frames

	PHY abstraction
	ESM
	Feedback type
	UL sounding

	Multi-user scheduling
	Proportional fair (PF) scheduler, 1-frame scheduling delay
	
	


Table 2. Throughput comparison between single-BS MIMO and multi-BS MIMO
	MIMO mode
	Sector spectral Efficiency (bps/Hz/sector)
	Cell-edge user spectral efficiency (bps/Hz/sector)

	Single-BS SU OL SM with 2 Tx per BS  
	1.38
	0.032

	Single-BS SU CL SM with 4 Tx per BS
	1.98
	0.054

	Interference nulling with 4 Tx per BS
	1.98
	0.069


Table 3. Gain of multi-BS MIMO over single-BS MIMO
	Multi-BS MIMO mode
	Interference nulling

	Gain over single-BS OL SU SM with 2Tx
	Sector throughput
	43%

	
	5% throughput
	114%

	Gain over single-BS CL SU SM with 4Tx
	Sector throughput
	0

	
	5% throughput
	29%


3.
Proposed text for amendment working document

------------------------------------------- Start of Proposed Amendment Text --------------------------------------------
15.3.7.2.6.5. Unquantized MIMO feedback for closed-loop transmit precoding 
15.3.7.2.6.5.1. UL Sounding
To assist the BS in determining the precoding matrix to use for SU-MIMO or MU-MIMO, the BS may request the MS transmit a sounding signal in an UL sounding channel in the UL sounding zone. The BS may translate the measured UL channel response to an estimated DL channel response. The transmitter and receiver hardware of BS and MS shall be calibrated. 
The UL sounding channel defined in [refer to UL-Control part] is used in MIMO transmission. To support sounding based multi-BS MIMO, two or more neighboring BSs can coordinate their sounding channel allocation to ensure the orthogonality between sounding signals transmitted in neighboring cells.
-------------------------------------------- End of Proposed Amendment Text -------------------------------------------
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