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1 Introduction
DL-CoMP has been established as a Work Item in 3GPP RAN #53 [1], and three main areas of focus have been identified:
· The work for specifying CoMP support in Rel-11 should focus on
· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming (CS/CB), including dynamic point blanking

Specifically, the CS/CB schemes were studied and evaluated in various deployment scenarios and, generally, throughput performance gains were observed. To realize these gains in practical situations, some conditions need to be satisfied, such as a certain backhaul link capacity / latency. It is worth mentioning that the RAN1 chair in RAN1 #66 noted that:
· Performance of CoMP schemes relying on spatial information exchange is sensitive to the delay between two transmission points.

· Level of sensitivity depends on the CoMP schemes.
This implies that, when backhaul link constraints are present and limit the degree of coordination among transmission points as well as the accuracy of CSI feedback information exchanged over the backhaul link, CS/CB schemes that do not require fast backhaul need to be employed. Therefore, in addition to the traditional Coordinated Beamforming (CBF) applicable in fast backhaul scenarios, it is meaningful to provide CS/CB schemes that can offer robust throughput performance gain under backhaul link constraints.  
In this contribution, a form of CS/CB scheme, referred to as Coordinated Beam Blanking (CBB), is described, which is specially customized to address the HetNet deployment.  Most of the CBB design and operations fit in well with the current CS/CB framework and hence the potential additional impact on the ongoing Rel-11 standards development will be minor as we will show. The performance evaluation will be presented to demonstrate the benefits of the CBB approach.
2 Coordinated Beam Blanking
2.1 General description
Coordinated scheduling/beamforming (CS/CB) consists of a set of techniques effective for improving the coverage and throughput performance, ranging from ones with low backhaul requirements such as coordinated beam switching (CBS) [2] to ones with high backhaul requirements such as the traditional CBF.
Under the HetNet deployment scenario, another CS/CB approach, called Coordinated Beam Blanking (CBB), can be used.  Over the time-frequency resources configured to use CBB, the Macro (normally the dominant aggressor transmission point in HetNet) performs interference avoidance in the spatial domain towards the cell edge UEs (normally the victims) of Picos within the Macro’s coverage area. This can be viewed as the Macro sends a blank beam towards the Pico UEs and hence the name CBB. To perform CBB, the Macro can utilize the relevant statistical, long-term information concerning its interference toward the Pico UEs, which can be obtained via the (not necessarily fast) backhaul link. 

Similar to CBS, CBB does not rely on fast backhaul between the transmission points. However, different from CBS, long-term CSI regarding the interference from Macro to Pico UEs is utilized for interference coordination. Moreover, similar to the traditional CBF, CBB provides interference avoidance capability in spatial domain, but CBB does not require the sharing of instantaneous scheduling / precoding information among the transmission points as CBF does.
To compare to the ABS based TDM muting, CBB does not impose time-domain blanking constraint as ABS does. Additionally, in CBB, the scheduling/transmission constraints on the Macro can be used to flexibly reduce or turn off the dominant aggressors’ power on a certain set of time/frequency resources, and thus CBB is considered to be more general than the ABS based TDM muting.

In CBB, the Macro beam blanking patter is semi-static and does not vary as quickly as in dynamic point blanking with CS/CB. However, CBB does not impose the either on or off power-domain restriction, but it can lead to such an on / off effect naturally by beam-level blanking.
In summary, it is emphasized that in CBB, the interference avoidance is performed only in the spatial domain and only by the Macro, and is typically based on long-term information of the interference. This is closely related to but also different from CBS and tradition CBF. It also has higher flexibility in scheduling than ABS based TDM muting and CS/CB with dynamic point blanking. In short, CBB does not require fast backhaul link and does not impose hard restriction in the time or frequency domain. For more detailed description of CBB, refer to Appendix B.
2.2 Standards impact
Most of the ingredients needed for CBB are already included in the current framework of CS/CB and any addition is considered as very minor.  The following is a list of ingredients needed for CBB, not included in Rel-10 but having been proposed to be included in Rel-11 to support CS/CB schemes:

· Measurement and reporting of long-term CSI from a transmission point interfering with the UE. A transmission point can indicate its UE to measure the CSI-RS from another transmission point and report the measurement.
· Multiple CSI measurements and feedback reports for a UE. The different measurements correspond to different interference scenarios such as those associated with Macro in beam blanking or in muting or in transmission.  The transmission points send signals to the UEs to make resource-specific and beam-specific measurements.
· Victim / aggressor awareness mechanism.  Often the CBB (and CBS, ABS) is needed only if some UE is identified as a victim of a certain transmission point.  Afterwards, the dominant aggressor needs to be identified.  Information exchange between the victim UE and its serving transmission point, and between the serving transmission point and candidate aggressors need to be supported.
The backhaul link needs to support the transmission of Macro’s beam pattern to the Picos (so that the Picos can configure PUE’s measurement and reporting accordingly), and transmission of long-term CSI information from Pico to Macro. This requires only minor additional standards change or it can be left to implementation.
3 Simulation results

To evaluate the potential performance gain of CBB, system level simulations have been conducted under the HetNet deployment scenario. The detailed simulation assumptions are provided in Appendix A. 
Simulation assumptions applicable to baseline simulations:
· No CoMP scheme is used
Simulation assumptions applicable to all simulations:
· SU-MIMO

· Up to two layer per UE

· TM9

· PMI feedback based on Rel-8 codebook

· PUSCH mode 3-2 for enhanced CSI feedback 
· MMSE Option 1 [3]
· Fairness was adjusted so that it is sufficient to compare the throughput performance by only considering cell edge throughput gain while cell average performance remain the same
Figures 1 and 2 show the gain of CBB over baseline throughput performance, for both Cfg 1 and Cfg 4b.  Both 0dB range extension (RE) and 3dB RE results are presented.
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Figure 1 – Cell edge user throughput gain (%) vs antenna configuration for Cfg 1
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Figure 2 – Cell edge user throughput gain (%) vs antenna configuration for Cfg 4b

Observations:
· CBB outperforms the Baseline and Baseline + 3dB RE in both Cfg 1 and Cfg 4b

· CBB + 3dB RE has higher gain than CBB + 0dB RE
· CBB leads to higher gain in Cfg 1 than Cfg 4b

· CBB leads to higher gain in 4x2 antenna configuration than 2x2 antenna configuration

· CBB + 3dB RE gain: 26% (2x2, Cfg 1), 46% (4x2, Cfg 1), 8% (2x2, Cfg 4b), 22% (4x2, Cfg 4b),
The detailed simulation results are summarized in Table 1.
Table 1 – Throughput performance for Baseline and CBB with/without 3dB RE, MMSE Option 1
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4 Conclusions
One of the DL-CoMP focus areas identified by 3GPP is coordinated scheduling/beamforming (CS/CB), including dynamic point blanking. A CS/CB approach, called Coordinated Beam Blanking (CBB), was discussed for the HetNet deployment scenario.  In CBB, the Pico UEs measures and reports interfering Macro long-term CSI, and when the CSI is made available to the Macro, the Macro performs beam blanking towards the Pico UEs.  This approach can be applicable in situations with slow backhaul connections between the Macro and Picos, and does not impose hard restriction on the scheduler. The potential additional impact on the current standards development is very minor since it mostly reuses elements from other candidate CS/CB solutions including CBS, CBF, and dynamic point blanking as well as concepts from eICIC.
Simulations demonstrated the throughput performance gains using CBB.  In the SU-MIMO case, CBB can provide about 26% ~ 46% cell edge throughput gain in Cfg 1 and 8% ~ 22% in Cfg 4b, while keeping the cell average throughput same as the baseline Rel-10 technique.
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5 Appendix A – System level simulation assumptions

	Parameter
	Value

	Channel models
	ITU UMa for Macro, UMi for low power node

	Central Frequency
	2GHz

	Fading Scenario
	ITU UMa for Macro, UMi for low power node

	Antenna configuration
	4 Tx at eNodeB with 0.5 lambda spacing ULA 

	
	2 Rx at UE with 0.5 lambda spacing ULA

	System Bandwidth
	50RBs

	Subband size
	6RBs for PUSCH mode 3-2 

	Scheduler
	Proportional Fair scheduling in the frequency and time domain. 

	Number of UEs per cell
	25 for Cfg 1, 30 for Cfg 4b

	SU-MIMO 
	maximum 2 layers per UE

	MCS
	according to transport formats in LTE R8

	Channel estimation
	Ideal

	Receiver
	MMSE receiver Options 1

	Subband CQI feedback
	according to CQI Table in LTE R10

	Feedback Delay
	4ms

	Feedback 
	Under the assumption of SU–MIMO transmission with rank adaptation

	
	For PUSCH 3-2: CQI reporting triggered per 5ms

	
	For victim PUE R feedback: 40ms

	Overhead
	3 symbols for DL CCHs and DM-RS with 12 REs per PRB.


6 Appendix B – CBB description
The applicable deployment scenario for CBB is mainly the HetNet, in which Macro cells co-exist with low-power nodes (LPNs) such as RRHs or Picos.  The LPNs often transmit at a much lower power (e.g. 16 dB lower).  Thus, the Macros are typically the main sources of the dominant interference and the Pico UEs (PUEs) are the main victims.  The connections among the LPNs and Macros may be slow backhaul links which makes semi-static coordination appealing.
· Pico UE operations

· The cell edge UE of the Pico measures its channel to the dominant interfering Macro, and reports the interfering long-term CSI measurement to the Pico. 
· Apart from measuring the interfering CSI, the PUE may also measure the CSI from its serving Pico when CBB is performed and when CBB is not performed, namely the PUE may be configured to report resource-specific CSI. 

· Furthermore, similar to CBS, the PUE may be configured to measures the CSI periodically for each time-frequency resource unit according to the dominant interfering Macro’s CBB pattern, e.g. CSI for each subframe in a CBB cycle.
· Pico operations

· The Pico collects the CSI feedback from its cell-edge UEs and sends the compiled statistical CSI to the Macro. This statistical CSI reflects the overall spatial subspace/direction (beam) that the Macro may avoid interfering to, so that is called beam blanking.  

· Macro operations
· The Macro can operate in a normal transmission fashion or a CBB transmission fashion. 
· On the time-frequency resources to be used for normal transmission, the Macro performs its scheduling and precoding without accounting for Picos’ CSI information, and therefore no interference avoidance towards the Pico areas. 
· On the time-frequency resources to be used for CBB transmission, Macro performs interference avoidance based on statistical (longer term) CSI information between the Macro and the cell edge PUEs under its coverage.  In other words, the Macro adjusts its scheduling and the PMI reported by its MUE so that the adjusted scheduling / precoding of  the Macro UE (MUE) leads to low interference to PUEs that contribute to generate the CSI information. This can be seen as the Macro sending a blank beam towards the PUEs per PUEs’ feedback. 

· The Macro may determine the time-frequency resources to perform beam blanking. When multiple blank beams are needed (for example, each blank beam is to be used for one Pico area), the Macro can partition its time-frequency resources to accommodate the multiple blank beams, such as TDM and/or FDM among the multiple blank beams.

· The Macro can send the decision to the related Picos. Alternatively, these time and frequency resources could be coordinated among the Macro and Picos on a semi-static basis or pre-defined.











































































