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1 Introduction

As we know, coordinated multi-point transmission/reception can improve the coverage of high data rates and system spectral efficiency, but at the cost of increasing the interference between coordinated cells. Thus coordinated scheduling and/or beamforming has been regarded as an important technique branch in DL CoMP system[1]. Until now, several companies have proposed schemes that manage interference by some means of cooperation between eNB’s. As described in appendix B, a coordinated beamforming scheme was proposed to solve the 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.
This beam cooperation could be done either explicitly where the UE is aware of the cooperation (closed-loop), or implicitly where the UE is not aware of the cooperation (open-loop). The implicit option is clearly the simpler option and can be implemented with very little standards impact. More specifically, the implicit options in [2-4] relies on the eNB arbitrarily changing beam patterns and relying on the UE’s CQI reporting to determine the UE’s preference without the UE “knowing” about the beam patterns. This requires a tight linkage between the CQI report and a specific subband of a specific subframe where the measurement was taken. Indeed this relationship has already been loosely specified for Rel.8 in[7]:
· 7.2.3
Channel quality indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1.

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CQI reference resource, could be received with a transport block error probability not exceeding 0.1. 

A combination of modulation scheme and transport block size corresponds to a CQI index if:

· the combination could be signaled for transmission on the PDSCH in the CQI reference resource according to the relevant Transport Block Size table, and 

· the modulation scheme is indicated by the CQI index, and 

· the combination of transport block size and modulation scheme when applied to the reference resource results in the code rate which is the closest possible to the code rate indicated by the CQI index. If more than one combination of transport block size and modulation scheme results in a code rate equally close to the code rate indicated by the CQI index, only the combination with the smallest of such transport block sizes is relevant.

The CQI reference resource is defined as follows:

· In the frequency domain, the CQI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.

· In the time domain, the CQI reference resource is defined by a single downlink subframe n-nCQI_ref,
· where for periodic CQI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;
· where for aperiodic CQI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CQI request in a DCI format 0.

· where for aperiodic CQI reporting nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe received after the subframe with the corresponding CQI request in a Random Access Response Grant.
To enable enhanced coordination techniques between eNB’s which require only minimal specification, we propose text here which is aligned in spirit with the original text in [7] above, but specifies it more strongly in order to facilitate the coordination.  Unfortunately, the text above is very restrictive in that it limits the CQI report to pertaining to a specific subframe 4ms prior to the report.
2 Evaluation results

2.1 Evaluation Description
System simulations were done to evaluate the performance gain when using coordinated techniques. In these simulations, we implemented a coordinated eNB cluster as described in appendix B. This is a SU-MIMO simulation with instant CQI feedback. The beams are identical to the first 8 elements of the LTE R8 codebook. Furthermore, the beam cycling is done in both time and frequency where the temporal beam cycle period is 4. Each eNB independently selects the beam cycling pattern based on its user load and user spatial distribution, while maintaining the common cycling period of 4 and switching the beam synchronously. To simply the comparison, we use wideband PMI feedback from the UEs to determine the cyclic beams for each eNB. The reference case is an uncoordinated LTE eNB, with 4x2 codebook-based precoding using the Rel.8 codebook and signalling structure, the CQI and PMI configuration are the same as in the coordinated case. Further simulation assumptions are shown in the Appendix A. 
2.2 Simulation Results and Analysis 
The CDF of the user distribution of the coordinated and uncoordinated reference case is shown in Figure 1. The relative gains of coordination are summarized in Table 1.
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Figure 1 Throughput CDF of a Coordinated cluster of eNB’s and an uncoordinated reference cluster
From the simulation results, it is clear that both cell edge UE throughput and cell average throughput are improved when using coordinated eNB’s. Note that due to the presence of shadow fading and HARQ, it is not necessarily the cell edge UE’s that benefit most from coordination, but rather all the UE’s.  Furthermore, the simulations showed that the coordinated eNBs could almost entirely remove the flashlight effect which so seriously reduces the performance of the uncoordinated eNBs. Further performance improvements should be possible by introducing further coordination between eNBs, such as where eNBs could exchange information about their respective beam cycling patterns. These increased coordination schemes could be FFS.
Table 1 Coordination Gain (20users per cell)
	
	AVG Cell Throughput
	5% Edge Throughput

	Uncoordinated–LTE (bps/Hz)
	1.92
	0.0484

	Coordinated LTE (bps/Hz)
	2.22
	0.0551

	Coordinated Gain
	15.4 %
	13.7 %


3 Conclusion

This contribution analyzes the CQI report issue in coordinated beamforming and gives a simulation result of the proposed coordinated beam switching scheme, which shows that coordinated scheduling technique can achieve an obvious gain, and it’s an effective method to manage the interference in small cells. So in order to facilitate the coordination in CoMP system, it’s a necessary to add a specific CQI report mechanism in LTE-Adv.
4 Text Proposal
--------------Start Text----------------- 
8.1
Downlink coordinated multi-point transmission

Downlink coordinated multi-point transmission implies dynamic coordination among multiple geographically separated transmission points. Examples of coordinated transmission schemes include

· Coordinated scheduling and/or beamforming

· data to a single UE is instantaneously transmitted from one of the transmission points

· scheduling decisions are coordinated to control e.g. the interference generated in a set of coordinated cells.

· Joint processing/transmission

· data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs

Downlink coordinated multi-point transmission should include the possibility of coordination between different cells. From a radio-interface perspective, there is no difference from the UE perspective if the cells belong to the same eNodeB or different eNodeBs. If inter-eNodeB coordination is supported, information needs to be signalled between eNodeBs.

Potential impact on the radio-interface specifications is foreseen in mainly three areas:

· Feedback and measurement mechanisms from the UE

· Reporting of dynamic channel conditions between the multiple transmission points and the UE

· For TDD, channel reciprocity may be exploited

· A specific CQI report can relate to a specific subband of a specific subframe

· Reporting to facilitate the decision on the set of participating transmission points

· For TDD, channel reciprocity may be exploited
--------------End Text----------------- 
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Appendix A: Simulation Assumption

Table 2 Simulation Assumption

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	Average 20 UE per sector uniformly dropped 

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm

	Noise figure at UE
	9dB

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Channel model
	Spatial Channel Model (SCM)

	UE speeds of interest
	3Km/h

	Number of antenna elements (BS, UE)
	(4, 2)

	Antenna separation (BS, UE) [times of wavelength]
	(0.5, 0.5) 

	Traffic model
	Full buffer

	Link to system interface
	Mutual information

	Scheduler
	Proportional Fair

	HARQ
	HARQ-CC;

8 processes

Maximum 3 transmission times

	Receiver algorithm
	MMSE

	Channel Estimation
	Ideal

	Scheduling and Reporting SubBand size
	5 RB’s

	Control Overhead
	31%


Appendix B: Coordinated Beam Switching Mode
In this section, we describe the coordinated beam switching mode which is mentioned above. Assume that several coordinated eNBs composes a cluster, each eNB in the cluster would determine its 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. The cluster controller will then determine an optimal cycling period for the cluster and report this period back to all the eNB’s in the cluster. All eNBs systematically cycle through a fixed set of selected narrow beams, the beam set could be changed on a slow basis. 
Regarding the CQI reporting, UE measures the CQI based on CRS and reports it to eNB for scheduling. Each UE could report one (or a multiple of) best CQI’s per period and the subframes where the maximum CQI was measured in the period. TheUE does not need to be aware of the beam cycling pattern of its eNB, only its cycling period, and need to keep its CQI reporting period consistent with the beam cycling period. Then eNB would know the best subframes in a period to schedule a particular beam for this UE, where the reported CQI for this UE is a most accurate value given that the UE is moving slowly relative to the cycling period. The beam switching can happen in both time and frequency with a same or different cycling period, in this case the UE need to report CQI according to a specific time-frequency slot. 
A 2 cell example of periodic CQI report is shown in Figure 2, the cycling period is 4 subframes in time domain and 4 subbands in frequency domain. It shows how the SINR fluctuates as the beams are switched in the serving eNB as well as the interfering eNB and also shows the CQI value reported by each UE, as well as the CQI experienced after scheduling.

[image: image4.emf]10 7 3 2 10 7 3 2

3.5 5 1 1.5 3.5 5 1

3 2 10 7 3 2 10

20 30 70 100 20 30 70

1.5

7

100

UE1

UE2

UE3

UE4

Reported CQI

Scheduled UE 

Experienced 

Data CQI

Interference Beam

Signal Beam

Subframes (ms)/Subbands(Hz)

Measured CQI

10 7 3 2 10 7 3 2

3.5 5 1 1.5 3.5 5 1

3 2 10 7 3 2 10

20 30 70 100 20 30 70

1.5

7

100

UE1

UE2

UE3

UE4

Reported CQI

Scheduled UE 

Experienced 

Data CQI

Interference Beam

Signal Beam

Subframes (ms)/Subbands(Hz)

Measured CQI


Figure 2 An Example of periodic CQI report by UEs and scheduling in time or frequency
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 temporal 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. 

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/subband in which that CQI was measured.
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