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1. Introduction
For Non-CA based HetNet deployments, it has been shown (e.g. [1]-[3]) that, under Macro-Femto co-channel deployments, interference from HeNB to UE attached to Macro-eNB (MUE) is quite significant than the interference from Macro-eNB to UE attached to HeNB (HUE). It is understood as Coverage hole of eNB, as MUE cannot connect to the CSG HeNB. Figure 1 is one example where dual-strip model is used to describe the interference among eNB, HeNB and UE. (Parameters are listed in Table 2.) The α is the active ratio of HeNB and β is the ratio that MUE is under the coverage of HeNB. We can observe that the MUE outside apartments enjoy high SINR, while the MUE under HeNB coverage suffer from severe interference. As the number of active HeNB increases, the SINR of MUE under HeNB coverage becomes even lower. Based on this fact, this contribution proposes an idea to improve SINR of the suffering MUE.
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Figure 1: MUE are significantly interference from HeNB.
2. Layer Separation
In the case that eNB, HeNB and UE are equipped with multi-antenna, there would be several independent spatial channels, say, layers, from eNB/HeNB to UE (i.e. the number of non-zero singular values of channel matrix is larger than one). Our idea to control the interference from HeNB to MUE is to let the HeNB utilizing some of layers for transmission to HUE while to let the eNB to utilize the remained layers for transmission to MUE. We use Figure 2 as one example to describe this idea more specifically, where eNB, HeNB and UE are assumed to have 2 antennas. The channel matrix from HeNB to HUE, from HeNB to MUE, from eNB to HUE, from eNB to MUE are denoted as 
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 respectively. Since in most cases, there would be two layers between eNB and MUE, and between HeNB and HUE, we can let each of the two transmission-reception pair to utilize one of the two layers. In this example, we let the HeNB utilizes the layer 1 while the eNB utilizes the layer 2. Therefore, the transmit data vector of HeNB before precoding can be written as  
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 is loaded modulated symbols after codeword-to-layer mapping. At the same time, the transmit data vector of eNB before precoding can be written as 
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 is loaded modulated symbols after codeword-to-layer mapping. Please note, the 
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in the transmit data vector of eNB represents ‘don’t care’. It means eNB can load a dummy symbol on layer or just left it blank. For eNB, loading just one symbol to layer 2 can reduce interference to HUE but may need to modify current TS 36.211, and inducing backward-compatible problem. Since the interference from eNB is not the bottleneck of HUE as we observe by simulations (actually, inter-HeNB interference is indeed the bottleneck), allowing eNB to load dummy symbols on layer 1 is an acceptable trade-off among performance and backward-compatibility.
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Figure 2: Description of Layer Separation.
As we use the matrix 
[image: image12.wmf]1

Φ

 and 
[image: image13.wmf]2

Φ

 to denote the layer-to-antenna pre-coding at HeNB and eNB, the received signal at MUE can be represented as 
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If the matrix 
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 can be estimated at MUE, the received signal at MUE can be manipulated by
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and the desired signal can be detected without interference as 
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Please note, there is no additional coordination or feedback overhead among eNB, HeNB, HUE and MUE is needed in this method. Since there are only 2 - 4 spatial channels of HeNB, the eNB can just guess which layer is not being used by HeNB. Since there is already feedback index such as PI and CQI from MUE, eNB know the rough SINR of MUE and can judge which layer is available accordingly.
Consequently, we are proposing that,
HeNB can load modulated symbols to only some of layers.
More specifically, several configurations could be added to the codeword-to-layer mapping in Table 6.3.3.2-1 (spatial multiplexing) in TS 36.211 for HeNB as
Table 1: Proposed Codeword-to-Layer Mapping for HeNB
	Number of layers
	Number of codewords
	Codeword-to-layer mapping 
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3. Simulation

If the proposed codeword-to-layer mapping is adopted and the equivalent channel matrix 
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 can be estimated at MUE, we demonstrate the resulting SINR of MUE and HUE in Figure 3 – 4 (2 x 2 MIMO) and in Figure 5 (4 x 4 MIMO) comparing with the results without any interference control. In Figure 3, where the ratio of MUE under HeNB (β) is 35%, we can see that the SINR of the 35% MUE is quite low if there is no interference control. But the overall SINR of all MUE can be significantly improved by the proposed layer separation, whether the HeNB active ratio (i.e. α) is 25% or 50%. On the other hand, for HUE, if the eNB could adopt the proposed codeword-to-layer mapping also, there will be  ~3 dB SINR enhancement. Such a 3dB gain is disappeared if the HeNB active ratio is increased form 25% to 50%. It implies that inter-HeNB interference might be the SINR bottleneck for HUE.
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Figure 3: SINR improved by Layer Separation with 2 x 2 MIMO and β= 35%.
For the case that the probability of MUE under HeNB is 80%, similar conditions can be observed, with a difference that now there are 80% MUE suffer severe interference from HeNB.
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Figure 4: SINR improved by Layer Separation with 2 x 2 MIMO and β= 80%.
Finally, Figure 5 demonstrate the resulting SINR of HUE and MUE under α = 50% and β = 80%. The 1/4, 2/4 and 3/4 in figure denotes the number of layers that UE utilizes and the number of all layers. (Here, full rank spatial channel is assumed and thus there are 4 layers for all links). For example, the red solid line denotes the HeNB utilizes 1 of the 4 layers for transmitting to HUE and eNB utilizes 3 of the 4 layers for transmitting to MUE. It seems that the number of layers that either HeNB or eNB can utilize does not have significant impact on the UE SINR. But the proposed layer separation indeed introduces significant SINR improvement for UE.
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Figure 5: Simulation Result of Layer Separation with 4 x 4 MIMO and α = 50%, β= 80%.
4. Proposal
According to the above description, we are proposing that

“HeNB can load its modulated symbols on only some of MIMO layers, and thus the proposed Codeword-to-Layer Mappings in Table 1 shall be available for HeNB.”
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6. Simulation Setup
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 Figure 6: Simulation Layout.
Table 2: Simulation Parameters
	Simulation Parameter
	Description/Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	10 MHz

	Number of cells
	1 cells with 3 sectors

	Number of Antenna
	2 or 4 for eNB, HeNB and UE

	HeNB deployment model
	1 apartment block per sector, two stripes per apartment block each consisting of 20 apartments as described in Figure 4. 1 floor for each apartment block and each apartment has a HeNB can serve HUEs.

	Maximum HeNB transmit power
	20 dBm

	Maximum eNB transmit power
	46 dBm

	Number of users
	200 users/cell (including both MUEs and CSG HeNB UEs)

	HeNB access 
	Closed Subscriber Group (CSG)

	HeNB active ratios (α)
	25% and 50%

	Fraction of MUEs within apartments (β)
	35% and 80% 

	Penetration loss
	See Table A.2.1.1.2-8 in [4].

	Path loss
	See Table A.2.1.1.2-8 in [4].

	Lognormal shadowing standard deviation
	4dB for link between HeNB and HeNB UE.
8dB for other links.

	Channel model
	Rayleigh fading

	Min. distance between UE and HeNB
	3 meters

	Min. distance between UE and eNB
	35 meters

	Min. distance between eNB and HeNB
	75 meters

	Antenna pattern (HeNB)
	Omni-directional with 5 dB antenna gain

	Antenna pattern (Macro. eNodeB)
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