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Discussion
1
Introduction

A Study Item on physical layer aspects of Small Cell operation has been approved [1]. One of the aspects to be studied include “mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters”. 

This contribution discusses the evaluation methodology and show preliminary results for mechanisms enabling discontinuous transmission of small cells. Such mechanisms may yield energy savings benefits for the network as well as throughput benefits through reduction of interference. The contribution focuses on evaluating the latter benefit.

2
Background
Practical networks experience significant traffic variations both in time and geographic location. For instance, daily traffic distribution profiles exhibit peak-to-trough ratios of up to (6:1) [2]. Techniques that can exploit these variations for energy saving purposes have already been studied in Release 10 [3]. These techniques can be expected to operate over a relatively long time scale and may be implemented with limited or no impact to the UE.

Within a small cell, it can be expected that traffic variations will be observed over an even shorter time scale considering the smaller coverage. This calls for more dynamic mechanisms allowing a cell to turn off its transmissions when there is no UE to be served under its coverage and turn back on (within a reasonable time frame) when one or more UE enter(s) its coverage. The ability to more dynamically turn transmissions on and off according to need may yield significant benefits not only from an energy saving standpoint but also from a system throughput perspective since less interference is generated to UE’s under coverage of neighboring small cells.
As interference reduction is expected to constitute a significant benefit, evaluation assumptions need to be agreed upon to enable comparison between different candidate schemes. In this contribution we present a methodology focusing on potential gains from a geometry (SINR) perspective.
3
Evaluation methodology
The potential interference reduction benefit of discontinuous transmission techniques is most relevant for deployment scenarios where the density of small cells is relatively higher. In a companion contribution [4] a set of representative deployment scenarios is proposed. Within this proposed set of scenarios the most appropriate would correspond to what is referred to “outdoor-dense” in [4], where 4 small cells per macro cell are deployed outdoors. This scenario also corresponds to the same density as that of RRH’s in CoMP scenarios 3 and 4. An example of potential UE and small cell placement for such scenario is illustrated in Figure 1. Another scenario where significant gains could be expected to be observed is the “indoor-cluster” scenario.
In addition, it can be expected that interference reduction gains should be observed when a small cell may contribute to a significant extent to the overall interference seen by UE’s in neighboring small cells. However, in deployments where the macro cell operates on the same frequency as the small cell the intercell interference is generally dominated by the macro cell. For this reason it is recommended that the evaluations for these techniques focus on the non-co-channel case.

Recommendation 1: Focus evaluations of discontinuous transmission techniques for small cells to scenarios representative of the following types of deployment:
· Medium-to-High density outdoor and/or indoor
· Non co-channel deployments
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Figure 1. Example of small cell and UE placement in an outdoor-dense small cell scenario.
As an initial assessment of the potential interference reduction benefits yielded by discontinuous transmission techniques, the distribution of the SINR for a population of UE (in the “outdoor-dense scenario” [4]) has been simulated. In these simulations one considers the following cases for a Small Cell not serving any traffic (Inactive Small Cell):
a) Two CRS ports always transmitted
b) No transmission

The distribution of the SINR is determined for random UE locations and (for each UE location) random inactivity states for the set of neighboring Small Cells. The inactivity states of different Small Cells are independent, and are determined according to a probability of inactivity.
The estimation of SINR presents some difficulties since the interference from a Small Cell not serving any traffic is not spread out uniformly over a resource block. One approach that can be taken is to estimate an effective SINR based on a combination of SINR or interference levels experienced over groups of resource elements. In this contribution the effective SINR is estimated based on the capacity formula, i.e. determining the SINR that would result in the channel capacity value corresponding to the sum of capacities obtained from groups of resource elements that have the same SINR:
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Where SINRi is the SINR experienced over a group of Ni resource elements. This method is essentially equivalent to log-averaging for high SINR.
The distribution of effective SINR for the different cases and different probabilities of inactivity (20%, 50% and 80%) is shown in the following Figures. Unsurprisingly, a significant difference is observed between full activity and inactivity levels as low as 20% even if CRS is still transmitted. Additional gains from discontinuous transmission appear to be quite modest for lower percentiles (low SINR) and for inactivity levels below 50%. On the other hand, more significant gains (up to 5 dB, assuming that realistic SINR cannot go much over 40 dB) are observed for a significant portion of UE’s with an inactivity level of 80%. Taking advantage of these higher SINR would most likely require introduction of support for 256 QAM in the DL.
Observation: Interference reduction benefits from discontinuous transmission in a small cell deployment scenario are mostly significant for inactivity levels higher than 50% and for effective SINR values above 20 dB.
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[image: image3.png]SINR distribution for 50% probability of Small Cell inactivity
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[image: image4.png]SINR distribution for 80% probability of Small Cell inactivity
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Figure 2. Distribution of effective SINR for different probabilities of inactivity with and without discontinuous transmission.
3.
Conclusions and Recommendations

This contribution discussed the evaluation methodology and showed preliminary results for mechanisms enabling discontinuous transmission of small cells, focusing on interference reduction benefits.

The following recommendation is made:

Recommendation 1: Focus evaluations of discontinuous transmission techniques for small cells to scenarios representative of the following types of deployment:

· Medium-to-High density outdoor and/or indoor
· Non co-channel deployments
Preliminary results obtained over the methodology presented in this contribution led to the following observation:

Observation: Interference reduction benefits from discontinuous transmission in a small cell deployment scenario are mostly significant for inactivity levels higher than 50% and for effective SINR values above 20 dB.
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Appendix A – Evaluation assumptions
Table 1: Summary of small cell evaluation assumptions

	Parameter
	Value

	Duplex and system bandwidth
	FDD 10 MHz

	Deployment type and carrier frequency
	Non co-channel deployment

Macro cells: 2 GHz,

Small cells: 3.5 GHz

	BTS Tx power
	Macro cells: 46 dBm

Small cells: 30 dBm

	Cell layout and user drop model
	Macro cells: 7 macro sites with 3 macro cells per site
Small cells 

- Scenario 1a (outdoor sparse)with 1 small cell per macro cell

- Scenario 1b (outdoor dense): 4 small cells per macro cell
- Scenario 2 (indoor cluster): 1 cluster per macro cell with 2 small cells

Note: User drops for small cells modeled as in 36.814 Config. 4b (clustered UE distribution with p=2/3)

	Scheduling
	Full buffer traffic

Wideband SINR

	Macro cell ISD
	500 m

	Minimum distance between small cells
	40 m

	Minimum distance between macro and small cell
	75 m

	Minimum distance between macro-UE and macro cell
	35 m

	Minimum distance between small cell UE and small cell
	10 m for Scenarios 1a,1b

3 m for Scenario 2

	Antenna patterns 
	Macro cells: TR.36.814 3D with antenna down tilt 12 degrees

Small cells: TR 36.814 2D (omni)

	Antenna gain
	Macro cells: 17 dBi
Small cells: 5 dBi

	Antenna height
	Macro cells: 25 m

Small cells:

- 10m for Scenarios 1a and 1b

- 6m for Scenario 2

	Pathloss model
	Macro cells:

- ITU UMa with 25 m Tx antenna height for Scenarios 1a, 1b

- ITU UMa with 25m Tx antenna height and penetration loss for Scenario 2 

Small cells:

- ITU UMi with 10 m Tx antenna height for Scenario 1a, 1b

- ITU InH with 10 m Tx antenna height for Scenario2

	Shadowing standard deviation
	Macro cells: ITU UMa
Small cells: ITU InH

	Shadowing correlation
	Macro cells: 0 between macro-cell sites; 1 between macro-cells

Small cells: 0 between small cells

	Handover margin
	1 dB

	UE height
	1.5 m

	UE noise figure
	9 dB

	UE speed
	3 km/h
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