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1 Introduction
From RAN1#74 meeting, study item on CoMP with non-ideal backhaul was started.  Scenarios and evaluation assumptions for CoMP with non-ideal backhaul was discussed and agreements were captured in [1].    Agreed scenarios for evaluation are CoMP scenario 2, SCE scenario 1 and SCE scenario 2a. 
In RAN1#74bis meeting, some initial evaluation results were provided [4-12] but the performance gains of CoMP schemes with non ideal backhaul vary in a large range from different companies even with a common set of agreed simulation assumptions.  In [13] , further alignment of simulation assumptions and metrics are agreed.  
Our results with semi-static point selection/muting (SSPS/M) were provided in [2] in RAN1#74bis.  In this contribution, we provide the evaluation results with coordinated scheduling (CS) with rank coordination under SCE scenario 1.
2 Performance evaluation of coordinated scheduling with non-ideal backhaul
In our simulation, we investigate the performance of coordinated scheduling for non-ideal backhaul.  Reference scheme we used for performance comparison is  Rel-11 feICIC with time domain ABS for SCE scenario 1.  We focus on macro-small cell coordination with high load case under SCE scenario 1.
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Figure 1:  CS with rank coordination  
For CS with rank coordination, eNBs coordinate with each other to schedule victim UEs under resources which have less interference through rank coordination and power reduction.   Figure 1 shows that the aggressor macro cell operates  under reduced power ABS with a cell-center UE (UE2).  Coordinated scheduling is done so that macro-cell center UEs are scheduled in ABS with reduced power.  Reduced power of 6dB is used in our simulation.  The macro cell transmits only one layer in these protected subframes so that coordination on DMRS allocation can be done and orthogonal DMRS resources for the victim cells can be ensured. 
DMRS information (e.g. initialization sequence, scid) of macro cell is informed to small cells under the same macro area.    The restriction of using DMRS port (e.g. port 7) under reduced power ABS is also informed to small cells so that the small cells under the same macro area can use another  DMRS port  to achieve orthogonal DMRS port allocation.  This restriction is done through the whole simulation drop.   Therefore, it can be seen as a rather slow coordination that works with slow backhaul (e.g. ≥50ms).

2.1  Small cell Scenario 1 with NIB
In this scenario, we consider 4 small cells per macro cell.  Performance results of this scenario are shown in Table1.   It can be observed that  some gain can be obtained by doing CS with rank coordination.  8.2%  of gain can be observed on cell edge UE throughput.  
Table 1 Performance of CS with rank coordination with slow backhaul for small cell scenario #1
	Traffic Load
	Coordination

Scheme
	Served cell Tput (Mbps)
	1st TX success rate
	Mean UPT

(Mbps)
	5% UPT

(Mbps)
	50% UPT

(Mbps)
	95% UPT

(Mbps)

	High

(RU = 65%)
	Reference scheme
	14.6432
	91.04%
	14.2678
	0.8560
	9.0882
	42.9293

	
	CS with rank coordination
	14.7210
	91.01%
	14.4390
(+1.2%)
	0.9262
(+8.2%)
	9.3520
(+2.9%)
	42.9010
(0%)


The performance gain mainly comes from two aspects:

·  Channel estimation accuracy can be increased with orthogonal DMRS port allocation.

·  More accurate interference estimation can be achieved.  Better interference suppression can be used at the receiver.
This can also be supported by link level simulation shown in [14].  Significant gain can be achieved with orthogonal DMRS allocation for inter-cell coordination.  This gain is relatively easier to achieve in practical small cell deployment considering this simple scheme which is not delay sensitive.   This scheme can be applied to coordination among small cells for SCE scenario 2a.  Gain is also expected especially for the interference limited scenario in dense small cell deployment.

3 Conclusion
In this contribution, performance evaluation is performed to investigate the gain of coordinated scheduling (CS) with rank coordination.    By doing orthogonal DMRS port allocation under reduced power ABS, good performance gain can be obtained with simple coordinated scheduling.
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Appendix A.1
Table A.1 Simulation parameters for small cell Scenario #1 deployment
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, wrap‑around
Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Number of small cell clusters per macro cell area
	1

	Number of small cells per cluster
	4

	Number of UEs dropped within each macro geographical area
	30

	Channel Model
	ITU UMa for Macro, UMi for small cell

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	46dBm for macro and 30dBm for Small cell

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at macro eNB, 2Tx cross-polarized antenna at LPN RRH
Receiver: 2Rx cross-polarized antenna at UE

	Cell selection criteria
	RSRP for cell selection with 9dB CRE

	CQI/PMI reporting interval and frequency granularity
	5ms for CQI/PMI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Traffic model
	FTP model 1 as in TR 36.814
File size is 0.5MByte

	Feedback Assumption
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation
based on IMR for Interference

	CRS interference
	CRS interference and non-ideal CRS interference cancelling is modelled











1
3

_1444886710.vsd
macro


Small
cell


UE1


UE2


v2 on port 7


v1 on port 8


Small cell


v3 on port 8


UE3


Reduced
Power



