
3GPP TSG RAN WG1 Meeting #73

R1-131890
Fukuoka, Japan, 20th – 24th May 2013
Source:
CATT

Title:
Study on small cell DTX
Agenda Item:
6.2.5.2.1
Document for:
Discussion and Decision
1 Introduction
In RAN1 #72bis, some initial simulation results of interference analysis on small cell DTX were provided in [1], which indicates that the DL geometry for small cell UEs is improved as the number of active small cells reduces in dense small cell deployments. And it was also pointed out that small cell DTX should consider the balance among energy saving, inter-cell interference, and system throughput. In this contribution, we provide some further evaluation results of small cell DTX, focusing on its packet throughput performance.
2 Performance evaluation for small cell DTX
In this contribution, two evaluation schemes in the following are assumed and compared :
· Ideal DTX: In this scheme, a small cell does not transmit any singal including CRS if there is no traffic in the cell (i.e. OFF state), and the small cell is switched ON immediately when there a packet arrived. This is to model the subframe level dynamic cell ON/OFF, which represents the best performing DTX scheme.  
· Non-DTX: In this scheme, small cell DTX is not applied, i.e. CRS is always transmited by a small cell even if there is no traffic in the small cell.
DL User Packet Throughput (UPT) is used as the performance metric. System level simulations are performed based on the assumptions listed in the Appendix. The UPT performance with packet arrival rate λ=7.5 is shown in Table 1. It is observed that ideal DTX only provides marginal improvements compared to non-DTX. It is also noted that with the simulated packet arrival rate, the resource utilization is not high. For larger packet arrival rate (hence higher resource utilization), the gain of ideal DTX is expected to be even smaller since the small cells have traffic to transmit in more subframes. Hence, we have the following observation:

Observation: Small cell DTX is not motivated from the packet throughput perspective. 
Table 1: UPT performance of ideal DTX and non-DTX, 4 small cells, 1 cluster, λ=7.5
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	Ideal DTX
	7.01
	7.91
	7.50
	20.73
	27.03
	24.54
	35.09
	35.09
	35.09
	21.36
	25.10
	23.94

	Non-DTX
	6.93
	7.59
	7.29
	20.51
	26.14
	24.10
	35.09
	35.09
	35.09
	21.24
	24.57
	23.53

	Gain of DTX
	1.05%
	4.15%
	3.00%
	1.04%
	3.38%
	1.84%
	0%
	0%
	0%
	0.58%
	2.13%
	1.75%


Small cell DTX is expected to be useful in terms of energy saving, especially for low packet arrival rates. It shall be noted that long term cell DTX is largely a network implementation. Current specification already supports the mechanisms for which a cell can handover its UEs to neighboring cells in preparation to turn off. For small cells, the corresponding DTX is expected to be short term, given the bursty traffics in small cells. On the other hand, energy saving in a short term time scale can also be achieved by new carrier type (NCT), where the eNB does not need to transmit any signaling in most of the subframes when there is no traffic in the cell. Hence, the additional benefits of small cell DTX over the existing energy saving mechanisms and NCT shall be identified. We have the following proposal:
Proposal: Further study the benefits of small cell DTX in terms of energy saving, taking into account the existing energy saving mechanisms and also the Rel-12 work on new carrier type.
3 Conclusion

In this contribution, we provide initial packet throughput results on small cell DTX. It is observed that small cell DTX does not provide much gain in terms of packet throughput over non-DTX scheme. However, it is noted that the small cell DTX is expected to provide benefits in terms of energy saving. Hence we have the following proposal for future work on small cell DTX:
Proposal: Further study the benefits of small cell DTX in terms of energy saving, taking into account the existing energy saving mechanisms and also the Rel-12 work on new carrier type.
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5 Appendix
Table 1: Simulation assumptions for system level evaluation 

	
	Scenario #2a

	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, 19 Macro sites 
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1 

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm, 

	Distance-dependent path loss
	ITU UMa[referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)
An additional 3 dB wall penetration loss for 3.5 GHz on top of the 20 dB loss for 2 GHz is used

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi[referring toTable B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU Umi

	Antenna configuration
	2Tx2Rx in DL,  Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	4

	Number of small cells per Macro cell
	4*Number of clusters per macro cell geographical area

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m
	　

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE :35m
	　

	
	cluster center-cluster center: 2x Radius for small cell dropping in a cluster

	Traffic model
	Baseline: FTP Model 1 as in TR 36.814
File size: 0.5Mbytes

Packet arrival rate λ per macro area: 7.5

	Cell selection criteria
	Baseline: RSRQ  (w/o bias)

	Network synchronization
	Baseline is synchronised

	Overhead
	PDCCH: 1 OFDM symbol

CRS: 2 antenna ports 

	MBSFN subframe configuration
	Subframes {1,2,3,6,7,8} are MBSFN subframes

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Performance metrics
	Mean, 5%/50%/95% UPT
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