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1 Introduction
During the development of E-UTRA, many operators asked for the flexibility to customize E-UTRA to maximize the performance in specific environments. Also, during the initial discussions on Advanced E-UTRA, many suggestions were made on how to manage the interference level by the use of coordinated transmissions from different cells [1-2]. It is well known that as we decrease cell sizes in an effort to improve spectral efficiency, the interference problem increases. Here we try to provide such flexibility where the interference in a specific environment can be managed.
Beamforming has been promoted as a promising technique to increase cell coverage and to improve cell edge spectral efficiencies. However, one main drawback of beamforming is the so called flashlight effect where the channel quality changes between UE measurement and eNB transmission, due to the changes in the beam pattern of the interfering neighbouring cells. Coordinated beamforming/switching has been suggested as a possible solution to this problem in [3,4,5].  Here, a “Coordinated Beam Switching Mode” is proposed where the coordination information between the cells are very limited and typically changes slowly. Basically each eNB in a cluster would systematically cycle through its preferred set of beams, on antenna port 5. These cycling patterns can change on a slow basis and it is expected that they will be a function of the traffic distribution, where this distribution should only change on the order of seconds.  This means that the received SINR of a slow moving UE will fluctuate deterministically in time as the different eNB’s cycle through their beams. The reported CQI (measured on antenna port 5)  will therefore be valid at some known time in future given that the UE is moving slowly relative to the cycling period.
2 The Coordinated Beam Switching Mode
Cell coordination can happen at many levels. At the highest level, a central scheduler has full knowledge of all radio conditions of all UE’s in a cluster of cells and tries to find a global optimum selection of UE’s to be served at any instant in time. This solution would unfortunately require an excessive overhead on the backhaul, and may be simply impossible to implement if we consider the fundamental delays on the backhaul transmission. This necessitates that we find a simpler, less optimal solution that would be easier to implement. 
The introduction of a coordinated beam switching mode is proposed here. Consider as an example 2 eNB’s which systematically cycle though a fixed set of narrow beams while beamforming their traffic channels and their pilots as shown in Figure 1, and the UE’s reports CQI’s based on the beamformed pilots. In this mode every eNB would determine it’s own beam cycling pattern from either a predefined pattern or based on its load and user distribution, and then communicate this information over the backhaul to a cluster controller of all the eNB’s in the cluster. This pattern does not need to be communicated to the UE, only it’s period. A cluster controller will then determine an optimal period for the cluster and report this period back to all the eNB’s in the cluster.
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Figure 1 Multiple eNB’s systematically cycle through a fixed set of beams 



 
This Mode implies :
1. The RS on Antenna port 5 is always switched on

2. A UE measures CQI based on Antenna port 5.

3. The eNB’s in a cluster taking part in the coordination agree and broadcast the period of the beam cycling pattern. For example, an eNB with 8 antennas may choose a period of 8, while a eNB with 4 antennas my select a period of 4. The cluster period will be determined either by a cluster controller or some function of the reported cell periods such as greatest reported period namely 8. 

4. The UE reports the subframe where the maximum CQI was measured in the period, and reports one (or a multiple of) CQI’s per period.

Contrary to the current beamforming mode in LTE, where antenna port 5 is configured as a UE specific RS which is only switched on during data transmission on the PDSCH, it is proposed here to have a mode where antenna port 5 is configured as a cell specific RS which is permanently switched on during this mode. The proposed use of antenna port 5 as a common RS is such that all eNB’s in a cluster cycle through a set of fixed beams over a specific period of a certain number of subframes where both the RS and PDSCH use the same beams. This will cause both a predictable beam and interference pattern to a UE. Given that the UE will then measure the CQI directly from the cell specific RS on antenna port 5, there will be no ambiguity mismatch between the measured CQI and the scheduled SINR on the PDSCH. Considering that antenna port 5 will be activated primarily in correlated fading environments, it is expected that some beams will lead to much better CQI reports than others. In order to reduce the CQI feedback overhead and to avoid feeding back bad CQI’s, we propose that only good (or only the best) CQI be feedback within a certain period, which will be a fixed (or slowly varying) value within a cluster of cells. 

Some of the main advantages of this method compared to what was presented in [4,5] is:

1. The UE does not need to do a channel estimate on an interfering cell

2. The UE does not need to report a preferred PMI nor a preferred interferer PMI. 
3. The CQI calculated is a function of the complete interference environment, not only based on the strongest interferer

4. The UE does not need to know the configuration of the other eNB’s in the cluster. For example some eNB’s could have different numbers of antennas, and different configurations. Some eNB’s may not even take part in the coordination and the UE does not need to know that. If a neighbouring eNB has an uncorrelated antenna configuration, and does not operate in this CBS mode (it may do spatial multiplexing or transmit diversity), then the CQI will be a function of the data transmitted in the RE’s where the antenna port 5 RS would normally be.  
2.1 Signaling for Coordinated Beam Switching Mode
The Coordinated Beam Switching Mode requires some signalling to utilize it efficiently:
1. The eNB needs to indicate to the UE the existence of the Coordinated Beam Switch Mode. This will be a L3 message.

2. The eNB’s within a cluster needs to report their cycle period to a cluster controller. Note that each eNB can decide independently on the cycling pattern which does not need to be communicated among the eNB’s. Each eNB then needs to communicate the cycling period to the UE’s. This typically changes very slowly (due to changes in traffic distribution) and can therefore be done as a L3 message. Also the eNB needs to indicate how many CQI’s the UE needs to report within a cycle period (the default is one).  

3.  If the eNB indicated that the UE should report less number of CQI’s than the cycle period, then the UE needs to report together with it’s CQI, the subframe in which that CQI was measured.

2.2 Effect of Cyclic Period Delays

Given that a UE needs to delay feedback of the CQI until the end of the period, this will have an impact on the highest UE speed that can be accommodated. Given that generally a 3ms CQI delay is expected, now a delay of (Period +3)ms is expected. Therefore with a period of 4 or 8, the CQI delay will be between 7ms and 11ms. A UE moving at 3km/h has a Doppler period of 179ms (with 2 GHz Carrier) and a UE moving at 30km/h will have a Doppler period of 17.9ms. This means that a reasonable performance degradation is expected at 30km/h, while no significant degradation is expected at 3km/h. 
3 Numerical evaluations

System simulations were done to determine the performance gains of using a coordinated network vs. an uncoordinated network as well as vs. the baseline 1 Tx case. In these simulations the users are uniformly distributed in the cells and therefore a predefined beam cycling pattern is selected which covers the entire area of the cell. The beams in the cycling pattern is shown in Figure 2 and the cycling pattern is (Beam1, Beam2, Beam3, Beam4). The performance when the UE implements an MRC as well as an MMSE-IRC receiver is also investigated.
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Figure 2 Beam Patterns from 4 correlated antennas using a DFT precoder
3.1 System Simulation Parameters
The following table summarizes the system simulation settings.

Table 1 System Simulation settings
	Number (Tx,Rx)
	(1/4,2)

	Antenna Separation (Wavelength)
	(0.5,0.5)

	Channel Model
	SCM (Urban Macro, 8 degree spread)

	Scheduler
	Proportional Fair

	Users per Cell
	10

	Control Overhead 
	None

	HARQ
	None

	Receiver Processing
	MRC / MMSE-IRC

	FFT size, Bandwidth
	1024, 10MHz

	STS Distance
	500m

	Link to System
	Effective SNR/Mutual Information

	Shadow Fading
	8dB

	Penetration Loss
	12dB

	eNB Tx Power
	40W

	Rank Adaptation
	None – only Rank 1 transmissions

	UE Speed
	1 km/h

	Traffic Type
	Full Buffer, Best Effort


3.2 Numerical results: Discussion
Some experiments have been performed to compare the simple beam cycling method with the baseline and with  uncoordinated beam switching. In Table 2  the results are summarized and the CDF of the user throughput results in bps/Hz is presented in Figure 3. In Figure 4 the Cell Edge vs. Cell AVG spectral efficiencies are plotted. Note the improvements in Cell  AVG and cell edge performances over the uncoordinated case. This is expected since this method focuses on interference management. It is interesting to note that the performance gain with an MMSE-IRC receiver is more than with an MRC receiver. One explanation is that a UE normally sees 2-3 strong interferers, while with the beam switching method it typically sees only one dominant interferer. Therefore, given that an MMSE-IRC receiver can have the most impact when there is only one dominant interferer, this may explain this relatively large IRC-gain. 
Table 2. Simulation Results (All MRC).
	
	Cell AVG
	Cell Edge

	Base 1x2 
	1.5117
	0.0608

	Uncoordinated Beam Switch 4x2
	1.6586
	0.0668

	Coordinated Beam Switch 4x2
	1.9934
	0.0804

	Coord Gain over 1x2
	32%
	32%

	UnCoord Gain over 1x2
	10%
	10%
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Figure 3 CDF of User Throughput (bps/Hz)
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Figure 4 Cell Edge (y-axis) vs Cell AVG (x-axis) spectral efficiency (bps/Hz)
4 Conclusions 
This contribution proposes a coordinated beam switching method to manage the interference in small cells. Since this method uses the UE specific RS for CQI calculation, it scales seamlessly to any number of transmit antennas. A method is proposed to coordinate the eNB’s over the backhaul such that each eNB can independently decide on a beam cycling pattern. This beam cycling pattern can be changed on a slow scale as the traffic density changes. The UE needs to measure a CQI from antenna port 5 and also indicate the subframe in which it was measured. The only information that the UE needs is the cluster cycling period. Our initial system simulations shows a reasonable performance improvement in both cell average and cell edge throughput.
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