3GPP TSG-RAN WG1 Meeting #72-bis
R1-131149
Chicago, USA, 15th April – 19th April 2013
Agenda item:          7.2.5.3.1
Source:
   Hitachi Ltd.
Title:
   Interference Reduction in Small Cells with DTX
Document for:
Discussion and Decision
1

Introduction
Small cell deployments are a major area of emphasis in Rel-12 LTE [1], [2]. Various scenarios for small cell deployments have been outlined in [2] and assumptions for evaluation are documented in [3]. The high density, clustered nature, and time-varying user traffic loads of small cells can lead to challenging interference characteristics of these deployments. According to [4], it is therefore recommended to study 
“mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on considering multi-carrier deployments in the small cell layer and, dynamic on/off switching of small cells, and enhanced interference measurements”. 
In this contribution we study the justification and high-level impact of small cell on/off switching or discontinuous transmission (DTX) on the initial cell selection phase, via coupling loss and SINR evaluations for deployment scenarios of various small cell densities without CRE.
2

Small Cell DTX
In [2], dense small cell deployments have been recommended for evaluation, with up to 4 clusters comprising 10 small cells each within a macro cell area. Due to UE mobility and time-varying traffic loads, it is reasonable to expect that at various time instants, subsets of small cells may be associated with a very limited number of UEs. As an example, for a full-buffer traffic model, a histogram of the number of UEs associated per small cell is shown in Figure 1 for a moderately-dense deployment scenario ‘2a’ [3] with 57 macro cells and 60 UEs per macro cell, assuming full interference from all small cells during RSRQ computation. It is observed that approximately 40% of small cells do not have any associated UEs after the conclusion of the initial cell selection phase.
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Figure 1 – Histogram of number of UEs per small cell, scenario 2a with 4 clusters/macro cell and 4 SCeNBs per cluster
Therefore, small cell DTX is a viable alternative for interference mitigation in dense deployments. There is currently no agreement on the duration and precise definition of small cell DTX regarding whether only PDSCH transmissions are muted, or if common/broadcast channels are also suspended [5]. The impact of CRS interference can be substantial during initial cell selection; therefore it is recommended that suspending such transmissions be studied in evaluations. 
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Figure 2: Small cell DTX
Proposal 1: Small cell DTX mechanisms where the transmission of common broadcast channels/CRS is suspended should be considered for initial cell selection and system-level throughput evaluations.
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DTX Evaluation Results for Scenario 2a
Evaluation 1: The first DTX evaluation consists of the following steps, with topology generated according to [3]: 
1. Perform initial cell selection for a given topology realization, assuming full interference from all small cells. 
2. Switch off all small cells that have zero associated UEs. 
3. Redo cell selection phase for all UEs, and compute coupling loss/SINR percentiles for UEs.

Thus, after the DTX cell selection phase, it is expected that a fraction of macro-associated UEs will switch over to small cell coverage due to the improvement in small-cell RSRQ. A more realistic assumption would be to introduce UEs into the network sequentially, and accurately model interference from partially-loaded small cells – this issue is treated in a companion contribution [6]. 
Coupling loss and SINR percentiles aggregated over 10 UE drops with and without DTX are shown in Figures 3-6.
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Figure 3 – Coupling loss with and w/o DTX, scenario 2a, 40 SCeNBs per macro cell
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Figure 4 – Geometry with and w/o DTX, scenario 2a, 40 SCeNBs per macro cell
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Figure 5 - Coupling loss change with and w/o DTX, scenario 2a, 8 SCeNBs per macro cell
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Figure 6 – Geometry with and w/o DTX, scenario 2a, 8 SCeNBs per macro cell
Observations: 
DTX with deactivation of small cells with zero associated UEs provides a significant improvement in UE geometry in dense deployments, since a significant fraction of SCeNBs (up to 74%) is switched off. For sparse deployments, the performance gains are marginal since very few SCeNBs are switched off. The same trend can be seen for average macro association ratios with and without DTX, shown in Table 1. Therefore, DTX is an effective method for load balancing and offloading in dense small cell deployments.
Table 1 - Average macro association ratios with and without DTX, Evaluation 1
	No. of small cells/macro cell
	Macro assoc. ratio w/o DTX
	Macro assoc. ratio with DTX

	4
	0.5905
	0.5851

	8
	0.6714
	0.6196

	16
	0.7411
	0.5928

	20
	0.7844
	0.583

	40
	0.8410
	0.541


Evaluation 2: In sparse small cell deployments, e.g., 1 cluster with 4 SCeNBs per macro cell, the number of small cells without any associated UEs will be negligible. Therefore, the following DTX evaluation is considered: 
1. Perform initial cell selection for a given topology realization. 

2. Switch off all small cells that have at most one associated UE. 

3. Redo cell selection phase for all UEs, and compute coupling loss/SINR percentiles for UEs.
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Figure 7 – Geometry with and w/o DTX, scenario 2a, 8 SCeNBs per macro cell, Evaluation 2

Observations:
For the deployment scenario of 8 SCeNBs per macro cell, it is observed that the geometry CDF of Evaluation 2 stochastically dominates the CDF of Evaluation 1, with an improvement of 10% in the tail portion. The macro association ratio was approximately the same as the corresponding deployment in Table 1. Similar trends were observed for other deployment densities.

Proposal 2: Small cell DTX with multiple deactivation criteria should be investigated for both sparse and dense deployment scenarios.
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Conclusion
In this contribution we have investigated the coupling loss and geometry characteristics of small cell deployments with DTX. Specifically we note the following
Proposal 1: Small cell DTX mechanisms where the transmission of common broadcast channels/CRS is suspended should be considered for initial cell selection and system-level throughput evaluations.

Proposal 2: Small cell DTX with multiple deactivation criteria should be investigated for both sparse and dense deployment scenarios.
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Appendix 

Table 2. Simulation assumptions.

	Parameter
	Setting

	Cell selection criteria
	RSRP for intra-frequency; 

RSRQ for inter-frequency

	Number of UEs per macro cell
	60 

	Scenario
	2a

	Traffic Model
	Full buffer

	Macro sites
	19

	Small cell transmit power
	30 dBm
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