3GPP TSG RAN WG1 Meeting #61
   











    R1-102808
Montreal, Canada, 10th – 14th May 2010




Agenda Item:
6.8

Source: 
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

Title:
 


DL Pico/Macro Het Net Performance: Cell Selection

Document for:
Discussion 

1 Introduction

Heterogeneous networks consist of deployments of low power nodes (i.e. small cells such as RRH, Hotzone, femto/HeNB and relay nodes) within a macro-cell deployment to serve additional capacity needs. In [1], we have provided our views on the requirements for interference mitigation techniques and cell selection. In Rel-8/9, the cell selection criterion is based on the UE’s received signal power or quality, i.e. RSRP, as follows:
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However, due to the low transmission power of the small cells, if the same principle is applied in HTN deployments, (1) would result in the macro cell being loaded much more heavily than the small cells. Because of the smaller coverage area only a few users would be connected to the small cells. Thus the available resources of the small cells would not be fully exploited while at the same time in the macro cell the competition for the available resource would remain high.

In order to combat the above problem, the following biased cell selection [2] has been proposed for heterogeneous networks: 
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where 
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bias

 is zero for the macro cell and has a non-negative value for the small cells, resulting in more users being transferred to the small cells.

In this contribution, the downlink performance of the macro+Hotzone scenario is first studied under different cell selection biases in a co-channel deployment of heterogeneous cells. Then we discuss the problem of the biased algorithm with some enhancements.
2 Downlink Performance Evaluation
2.1 Multi-cell hexagonal layout
Five heterogeneous network deployment scenarios are defined in the evaluation methodology [5], and the Outdoor Hotzone cells with configuration #1 and #4 are listed as the second priority. Here we only investigate the scenario of outdoor hotzone cells with configuration #1 for a 10MHz co-channel macro/hotzone deployment.  In this configuration, twenty-five UEs are uniformly dropped within each macro cell. And two fixed hotzone deployment positions in the macro cells are considered, i.e., cell-center deployment and cell-edge deployment, as shown in Fig. 1.  As described in [5], fast fading is disabled in our simulations for the relative performance comparison. More simulation assumptions are shown in appendix A.
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(1a) cell-center deployment                                                               (1b) cell-edge deployment
Fig.1   Layout of hotzone cells deployed at the cell center (left) and cell edge (right)
2.2 Performance under different cell selection bias values

For cell selection, we adopt different bias values. 
2.2.1 Model 1
 (1) Case 1 (ISD=500m)
The Cell selection statistics as a function of Cell selection biases is shown in Figure 2, where more UEs will be attached to the Hotzone cell as the bias value is increased. The increase is greater in the case of cell-edge deployment than that in the cell-center deployment due to the stronger interference from the macro-eNB in the latter case.

Fig. 3 shows the corresponding average UE throughput CDF under different Cell selection bias values in one cell. Fig. 4 provides further data by showing the various trends: edge (5%), median (50%), mean, and the performance corresponding to the different curves in Fig. 3. From these results, we observe the following as the bias value increases:
1) The mean performance gets worse in cell-edge deployment, while for cell-center deployment, it increases for small to moderate bias values but starts to decrease at large bias values.

2) The median performance of both center and edge deployments increases. 
3) The 5%-ile performance of both center and edge deployments improves when the bias value is lower than 10dB. This means that by deploying Hotzone cells, cell-edge performance could be improved provided that the bias used is not too high.
4) The standard deviations of UE throughput in both cell-center and cell-edge hotzone cell deployments reduce (with varying degrees of fluctuation). The smaller the standard deviation is, the more fair the UE throughput is, i.e., the obtained throughputs of different UEs are more similar.
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(2a) cell-center deployment                                                               (2b) cell-edge deployment
Fig. 2 Cell selection statistics (case 1)
[image: image8.png]CDF

08}
0.6 ——bias=0dB
—bias=2dB
——bias=4dB
04r ——bias=6dB
~—bias=8dB
02l —— bias=10dB |
~ bias=15dB
——bias=20dB
o ; ———maret
10° 10? 10" 10°

Normalized User Throughput(bps/Hz)



   [image: image9.png]CD.F

10
Normalized User Throughput(bps/Hz)




(3a) cell-center deployment                                                               (3b) cell-edge deployment
Fig. 3 User throughput CDF under different Cell selection statistics (case 1)
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      (4a) cell-center deployment                                                  (4b) cell-edge deployment
Fig. 4 User throughput variation under different Cell selection statistics (case 1)

(2) Case 3 (ISD=1732m)
From Figs. 5, 6, and 7, similar observations can be made as for Case 1 except that the trend in the standard deviations of UE throughput is more obvious,especially in the cell-center deployment. The minimum standard deviation for both cell-center and cell-edge deployments reaches its minimal value at 15-dB bias.
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(5a) cell-center deployment                                                               (5b) cell-edge deployment
Fig. 5 Cell selection statistics (case 3)
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(6a) cell-center deployment                                                               (6b) cell-edge deployment
Fig. 6 User throughput CDF under different Cell selection statistics (case 3)
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          (7a) cell-center deployment                                            (7b) cell-edge deployment
Fig. 7 User throughput variation under different Cell selection statistics (case 3)
2.2.2  Model 2
In this section, we give the performance evaluation for outdoor hotzone model 2.
(1) Case 1 (ISD=500m)
From Figs. 8, 9, and 10, similar observations can be made as for Model 1 except that in cell-edge deployment, the three performance metrics, 5%, 50% and mean have an obvious peak at 8-dB bias.
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(8a) cell-center deployment                                                               (8b) cell-edge deployment
Fig. 8 Cell selection statistics (case 1)
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(9a) cell-center deployment                                                               (9b) cell-edge deployment
Fig. 9 User throughput CDF under different Cell selection statistics (case 1)
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      (10a) cell-center deployment                                                  (10b) cell-edge deployment
Fig. 10 User throughput variation under different Cell selection statistics (case 1)
(2) Case 3(ISD= 1732m)

From Figs. 11, 12, and 13, similar observations can be made as for Model 1 except that the Hotzone Cell selection ratio is far smaller. Also the cell mean performance decreases as the bias value is increased.
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(11a) cell-center deployment                                                               (11b) cell-edge deployment
Fig. 11 Cell selection statistics (case 3)
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(12a) cell-center deployment                                                               (12b) cell-edge deployment
Fig. 12 User throughput CDF under different Cell selection statistics (case 3)
[image: image28.png]03500

03000

0.2500

0.2000

01500

0.1000

0.0500

R —— e T P
4 —E-s0%Ubps/HY)
i 5% UE(bps/He)

Ay,

0dB 2dB 4dB 6dB 8dB 10dB 15d820d8



                  [image: image29.png]03000

02500

02000

01500

01000

00500

CellMeanlbps/Hz)
8- 50% UE(bps/Hz)
i 5% UE(bps/He)

0dB 2dB 4dB 6dB 8dB 10dB 15dB20dB




      (13a) cell-center deployment                                                  (13b) cell-edge deployment
Fig. 13 User throughput variation under different Cell selection statistics (case 3)
Fig. 8 Illustration of dominant interference for some UEs

It may therefore be useful to use different bias values for different cells, depending on the scenario. It is also possible to enhance the biased cell selection algorithm to expand small cell coverage with cooperative scheduling to mitigate the dominant interference. Thus with enhanced cell selection, more UEs can be connected to the hotzone cells even if the hotzone cells are deployed in the center of the macro cell; the UE load can therefore be balanced between the macro cell and the pico cell with a small bias value. 
3 Conclusions
In this contribution, we have presented evaluations of biased cell selection to expand the coverage of small cells in various scenarios. The results indicate the importance and yet the difficulty of optimizing the cell selection bias. A one-size-fits-all bias is impractical as it is dependent on several factors, such as the number of hotzones, user distribution, channel conditions and interference. We therefore propose that the potential benefits of expansion of small cells should be studied further.
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5 Appendix A
Table3  System simulation parameters [1]
	Parameter
	Value

	HTN scenario
	3GPP, Pico/Hotzone, configuration 1, model 1

	Cellular layout
	Hexagonal layout with wrap around, 7 eNodeBs, 3 cells per eNodeB

	System frequency
	2GHz carrier, 10 MHz bandwidth

	ISD
	500m (case 1), 1732m (case 3)

	eNodeB Tx power
	46 dBm

	Pico Tx power
	30 dBm

	Number of Picos per cell
	2

	Number of UE per cell
	25

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	Scheduling delay
	6ms

	Scheduling granularity
	5PRBs

	Downlink HARQ
	Asynchronous HARQ with CC, Maximum three retransmissions

	Number of eNodeB antenna
	1 Tx antenna 

	Number of PicoeNB antenna
	1 Tx antenna

	Number of UE antenna
	2 Rx antennas 

	Antenna configuration
	eNodeB antenna pattern: 14dBi antenna gain, sectorized 
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Pico antenna pattern:  5dBi antenna gain, Omni,  
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UE antenna pattern:  0dBi antenna gain, Omni

	Downlink receiver type
	MRC

	Path-loss model
	Macro to UE
	Model 1:

PL= 128.1+37.6log10(R), R in km
Model 2:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
R in km
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	
	Pico to UE
	Model 1:

PL=140.7+36.7log10(R), R in km 
Model 2:
PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

	Penetration loss
	20dB for both macro to UE and Pico to UE

	Channel estimation error
	None

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs, overhead for demodulation reference signals






















































































































































































































































































































































































































































































































































































































































































































































- 7 -


_1330424437.unknown

_1330424544.unknown

_1327146821.vsd

_1330424429.unknown

_1326794837.unknown

_1327146775.vsd
eNB


Pico


2/9 ISD


Pico


Pico


Pico


Pico


25o


Pico


cell I


cell II


cell III



_1311746728.unknown

