3GPP TSG RAN WG1 Meeting #67                                                
R1-113755
San Francisco, USA, 14th - 18th November 2011
Source:
ZTE

Title:
PDSCH performance evaluations on FeICIC with CRS interference
Agenda Item:
7.3.1

Document for:
Discussion and decision

1. Introduction  
In RAN1#66, it was agreed to have further performance evaluations on non-CA based Heterogeneous Networks (HetNet). And the simulation assumptions for cell range expansion (CRE) and UE receiver types were discussed and agreed as summarized in [1].

Many contributions on HetNet performance with CRE were presented in RAN1#66bis. However, there’s no consensus on the optimal CRE bias value and whether large CRE bias value should be supported. It was agreed to study further on the value of CRE bias value.      

In this contribution, we present our system simulation results with combined usage of ABS and range expansion technique in non-CA based HetNet for a range of CRE bias value.
2. CRS interference modeling
In Rel-10, time domain Inter-Cell Interference Coordination (ICIC) schemes such as Almost Blank Subframe (ABS) were introduced as non-CA based scheme to solve the issues of HetNet interference. However, even in ABSs, CRS has to be transmitted to ensure backward compatibility to legacy UEs if the ABSs are non-MBSFN subframes. Then, the CRS from the macro cell can be seen as interference to the UEs served by the pico cells within the coverage of the macro cell. Note that, in this contribution, only the effect of the macro cell CRS transmitted in the PDSCH region (OFDM symbols on which PDSCH is transmitted) of the ABS is considered. The performance impact of CRS interference on control channels (e.g., PDCCH) and the consequent performance degradation is not considered.

In our simulation, TM9 is assumed. Thus, only non-colliding CRS is considered. All RS overhead are considered in the statistics of our performance metrics. The following three cases of CRS interference modeling were simulated.
· CRS interference to Rel-10 receiver
· Total CRS interference to the target PDSCH is averaged over the whole PDSCH symbols to calculate effective interference level.

· CRS interference to CRS canceling receiver
· At first, the base interference level is obtained the same way as for Rel-10 receiver. Then, the CRS interference of three strongest (in terms of their interference level) interfering macro cells is assumed to be cancelled out to calculate the final effective interference level.
· CRS interference to TX RE muting
· The victim pico cell rate-matches PDSCH around the CRS of the aggressor cells. In our simulation, the REs corresponding to the two strongest (in terms of their interference level) interfering macro cells’ CRS are muted. Then the remaining CRS interference from other macro cells to the target PDSCH is averaged over the whole PDSCH symbols to calculate effective interference level. The same Rel-10 receiver is assumed for TX RE muting. 
3. Simulation results
We present simulation results for both full buffer and non-full buffer traffic models for ITU model with UE distributions of Configuration 1 and 4b for Pico as in [2]. For each UE distribution configuration, four cell selection bias values are chosen: 6, 8, 10 and 12 dB, respectively. All simulation parameters are according to [1] and detailed system level simulation parameters are listed in Table A.1 in Annex-A.
For each CRE bias, the ABS configuration is the same for every macro cell and static per simulation drop. The ABS muting ratio is chosen according to the pico UE association ratio for each simulation drop. Note that to optimize the performance; the ABS muting ratio can be one of two values for a given CRE bias. The ABS ratio we used in our simulation and the corresponding pico UE association ratio are listed in Table 1. 
 Table 1: ABS ratio and pico UE association ratio
	CRE bias (dB)
	ABS ratio
	Pico UE association ratio

	
	
	Config 1
	Config 4b

	6
	1/8 or 2/8
	64.95%
	79.82%

	8
	2/8 or 3/8
	68.54%
	82.49%

	1
	2/8 or 3/8
	72.45%
	85.03%

	12
	3/8 or 4/8
	75.77%
	87.56%


3.1 Full buffer traffic model results

Table 2 and 3 show the simulation results of full buffer traffic model for Configuration 1 and 4 b respectively. Note that to model CRS canceling error, the same CRS cancellation error modeling as in [3] is used in our simulation for full buffer traffic model. The cancellation error factor table is the same as in [3] and also listed in Table B.1 in Annex-B.
Table 2: Full buffer, UE DL performance in Configuration 1
	CRE bias (dB)
	Receiver type
	Area average S.E. (bps/Hz)
	5%-ile edge UE S.E. (bps/Hz)
	Median UE Tput (Mbps)
	95% UE Tput (Mbps)

	6
	Rel-10
	9.35
	0.0433
	2.31
	11.54

	
	CRS canceling
	9.85
	0.0471
	2.49
	12.25

	
	RE muting
	9.75
	0.0467
	2.49
	12.12

	8
	Rel-10
	9.20
	0.0420
	2.31
	11.34

	
	CRS canceling
	9.76
	0.0482
	2.48
	11.94

	
	RE muting
	9.75
	0.0473
	2.51
	12.14

	10
	Rel-10
	9.05
	0.0366
	2.32
	10.87

	
	CRS canceling
	9.62
	0.0439
	2.56
	11.48

	
	RE muting
	9.70
	0.0473
	2.63
	11.46

	12
	Rel-10
	9.04
	0.0306
	2.38
	10.86

	
	CRS canceling
	9.55
	0.0380
	2.58
	11.25

	
	RE muting
	9.72
	0.0436
	2.66
	11.40


Table 3: Full buffer, UE DL performance in Configuration 4b

	CRE bias (dB)
	Receiver type
	Area average S.E. (bps/Hz)
	5%-ile edge UE S.E. (bps/Hz)
	Median UE Tput (Mbps)
	95% UE Tput (Mbps)

	6
	Rel-10
	12.31
	0.0595
	3.12
	10.81

	
	CRS canceling
	12.82
	0.0682
	3.35
	10.86

	
	RE muting
	12.77
	0.0683
	3.38
	10.90

	8
	Rel-10
	12.27
	0.0510
	3.16
	10.61

	
	CRS canceling
	12.79
	0.0618
	3.38
	10.68

	
	RE muting
	12.81
	0.0650
	3.47
	10.58

	10
	Rel-10
	12.23
	0.0470
	3.15
	10.60

	
	CRS canceling
	12.80
	0.0608
	3.43
	10.73

	
	RE muting
	12.93
	0.0652
	3.56
	10.56

	12
	Rel-10
	12.15
	0.0401
	3.16
	10.64

	
	CRS canceling
	12.77
	0.0509
	3.42
	10.71

	
	RE muting
	12.99
	0.0627
	3.62
	10.50


3.2 Non-full buffer traffic model results

Non-full buffer traffic model is assumed to be FTP traffic model 1 with 2.0 Mbyte file size, and user arrival rates (λ) of FTP traffic model 1 are considered to be 2 [2]. Table 4 and 5 show the simulation results of non-full buffer traffic model for Configuration 1 and 4 b respectively. Due to time constraint, results of TX based RE muting in non-full buffer traffic model are not presented. Note that no CRS canceling error was modeled and hence an ideal CSR cancelation is assumed in the following results.
Table 4: Non-full buffer, UE DL performance in Configuration 1
	CRE bias (dB)
	Receiver type
	Area Tput (Mbps)
	5%-ile edge UE Tput (Mbps)
	Median UE Tput (Mbps)
	95% UE Tput (Mbps)

	6
	Rel-10
	28.21
	0.85
	6.80
	33.87

	
	CRS canceling
	28.34
	0.98
	8.37
	36.94

	8
	Rel-10
	28.34
	0.94
	7.02
	33.14

	
	CRS canceling
	28.53
	1.05
	8.85
	35.08

	10
	Rel-10
	28.32
	0.83
	7.28
	31.43

	
	CRS canceling
	28.37
	0.99
	8.99
	34.76

	12
	Rel-10
	27.89
	0.76
	6.99
	31.28

	
	CRS canceling
	28.35
	1.00
	9.25
	37.31


Table 5: Non-full buffer, UE DL performance in Configuration 4b

	CRE bias (dB)
	Receiver type
	Area Tput (Mbps)
	5%-ile edge UE Tput (Mbps)
	Median UE Tput (Mbps)
	95% UE Tput (Mbps)

	6
	Rel-10
	27.41
	2.64
	16.67
	52.21

	
	CRS canceling
	27.38
	3.08
	18.41
	52.14

	8
	Rel-10
	27.32
	2.20
	17.81
	53.40

	
	CRS canceling
	27.28
	3.15
	19.74
	53.62

	10
	Rel-10
	27.38
	2.32
	16.53
	52.14

	
	CRS canceling
	27.32
	2.65
	18.72
	53.23

	12
	Rel-10
	27.25
	2.04
	16.77
	52.63

	
	CRS canceling
	27.34
	2.53
	19.35
	53.19


Highlights we observed from the results in Table 2 to 5:

· For both UE configuration 1 and 4b, there’s no clear optimal value of CRE bias value when all performance metrics considered.  
· Large CRE bias does help improving the median UE throughput especially for TX based RE muting and CRS canceling receiver.  On the other hand, cell edge performance tends to become worse with large CRE bias.
· We also observe that the cell-edge performance can be improved when CRE bias values are used in combination of optimum ABS ratio settings with TX based RE muting or CRS interference cancellation. 
· For Rel-10 type receiver, the performance obtained with 6 dB bias is overall the best when all performance metrics considered.  
· Both TX based RE muting and CRS cancelling receiver provide significant performance benefits over Rel-10 type receiver.  The performance difference between Rel-10 receiver and any of these enhancement schemes becomes larger as CRE bias value increases.

· TX based muting outperforms CRS cancelling receiver considering most of the metrics in large bias values.  In medium bias values like 6dB and 8dB, two schemes provide comparable performance.
· Under non-full buffer traffic, CRS canceling receiver provides some gain over Rel-10 receiver in terms of cell average spectral efficiency, edge UE spectral efficiency and median UE throughput. 
4. Conclusions

In this contribution, we have presented system level simulations of heterogeneous network scenarios with eICIC based on the RAN1#66 simulation assumptions in [1]. Based on our simulation results, we have the following observation and conclusion:

· Both TX based RE muting and CRS cancelling receiver provide significant performance benefits over Rel-10 type receiver. 
· TX based RE muting should be supported in Rel-11 as it provides the best performance in most of the cases.
· For Rel-10 type UE receiver, 6 dB CRE bias has the overall best performance.
· When further enhancement of eICIC (e.g. TX based RE muting and/or CRS cancelling receiver) utilized, a maximal CRE bias around 8 dB may be a good trade-off among all performance metrics. 
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Annex-A

Table A.1 Simulation parameters for macro-pico deployments
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 19 sites, 3 Macro cells per site, wrap‑around

	LPN Configuration
	Configuration #4b with 4 low power nodes per macro cell
Configuration #1 with 4 low power nodes per macro cell

	Number of UEs dropped within each macro geographical area
	Config 4b:  30

Config 1:   25

	Channel Model
	ITU UMa for Macro, UMi for low power node (Outdoor modeling)

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	46 dBm for macro and 30 dBm for LPN

	UE Speed
	3 km/h

	Association bias
	[6 8 10 12] dB

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

Receiver: 2 Rx cross-polarized antenna at UE
ITU: 12 degrees for Macro, 0 degrees for Pico

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

	Feedback scheme
	Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook

	Delay for scheduling and AMC
	6 ms

	Scheduler
	Proportional Fair

	Traffic Model
	Full buffer and non-full buffer

	Receiver
	MMSE-Option1

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3


Annex-B
Table B.1: CRS interference cancellation factors [3]
	SNR (dB)
	-16
	-12
	-10
	-6
	0
	2
	8
	12
	16
	20
	28

	Cancellation factor (linear)
	0
	0.206
	0.369
	0.602
	0.842
	0.874
	0.968
	0.984
	0.990
	0.994
	0.995









































3

