3GPP TSG RAN WG1 #72
        

              R1-130301
St Julian’s, Malta, January 28 – February 1, 2013
Agenda item:
7.3.5.3
Source: 
Samsung 

Title: 



Evaluation assumptions for Interference control among small cells
Document for:
Discussion and Decision
1 Introduction

Evaluating the impact of interference is one aspect of the new study item created for Rel-12 on potential physical-layer enhancements for small cells [1]: 

“Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes: 

· 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.”
This contribution discusses deployment scenarios and resulting interference environments as well as relevant evaluation assumptions and performance metrics at a high level.
2 Deployment scenarios
Interference environments in a same carrier deployment and multi-carrier deployment are depicted in Figure 1 and Figure 2, respectively. In Figure 1 and Figure 2, FDD or TDD (assuming that TDD UL-DL configuration is the same between Macro cell and Small cells) can be applied. In the same carrier deployment scenario between a Macro cell and Pico cells of Figure 1, small cell interference situations are classified as follows:
1. Interference from DL signal of one Small cell eNB to DL reception of the other small cell UE.
2. Interference from UL signal of one Small cell UE to UL reception of the other small cell eNB.
3. Interference from DL signal of Macro eNB to DL reception of small cell UE.
4. Interference from UL signal of Macro UE to UL reception of small cell eNB.
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Figure 1: Interference situations in same carrier deployment.
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Figure 2: Interference situations in multi-carrier deployment.
On the other hand, due to no interference from Macro cell, small cell interference situations in the multi-carrier deployment scenario between a Macro cell and Pico cells of Figure 2 are classified as follows:
1. Interference from DL signal of one Small cell eNB to DL reception of the other small cell UE.

2. Interference from UL signal of one Small cell UE to UL reception of the other small cell eNB.
Considering that interference situations between Macro cell and low power nodes (small cells) in the same carrier deployment has been extensively studied in Rel-11 and earlier, only interference situations corresponding to 1 and 2 in Figure 1 and Figure 2 are evaluated for interference mitigation among small cells. But, if the interference situations corresponding to 3 and 4 in Figure 1 are confirmed to be needed due to differences from ones studied in Rel-11 and earlier by RAN1, they can be further evaluated.
Proposal 1: Interference situations between Small cells are considered for evaluation for interference control.
3 Evaluation assumptions
Consideration for dynamic ON/OFF switching of Small cells was presented in the SID [1]. In contrast to Macro cells, Small cells can be dynamically ON/OFF depending on either the existence of UEs in the vicinity of Small cells or the existence of data to be serviced to the UEs. 
A need for dynamic OF/OFF switching operations of Small cells is justified by the following reasons:
· Energy saving of Small eNBs

· Traffic adaptation in Small cells

· Interference control in Small cells

If a Small cell is ON according to dynamic ON/OFF switching, data transmission by the Small cell UEs and eNB may interfere with neighbor Small cell UEs and eNBs. It is noted that this interference situation is almost same as the interference situation discussed for CoMP. Accordingly, the ratio of ON/OFF of Small cells can be considered for interference evaluation in environments where many small cells are deployed in a spot (e.g., dense urban, large shopping mall). 
Regarding dynamic ON/OFF switching modelling among Small cells, factors such as discovery procedures for Small cells, dual connectivity of UEs to Small cells and Macro cells and interference modelling using the non-full buffer traffic model considered for CoMP can be considered to decide a condition and a time of ON/OFF switching for Small cells. However, it should be further discussed in RAN1 because how dynamic ON/OFF switching can be modelled is not clear.
In case that Small cell is ON, a conventional traffic model (e.g., full buffer traffic model, non-full buffer traffic model) can be reused. On the other hand, only the non-full buffer traffic model can be considered for modelling of dynamic ON/OFF switching among Small cells, since in that case that it is assumed that a Small cell is ON if there exists data to be served and a Small cell is OFF if there does not exist data to be served.
Additionally, the following can be assumed for simplicity of evaluation:
· ON/OFF switching time in activation/deactivation of Small cells is not considered for evaluation.
· Discovery mechanism for Small cells is not considered for evaluation.
· Macro cell and Small cells are synchronized.
Proposal 2: For dynamic OF/OFF switching of Small cells, the ratio of ON/OFF Small cells and the conventional traffic model are considered for evaluation for interference control among small cells.
4 Performance metrics 
Cell throughput and UE throughput are normal metrics to estimate performance in system level simulations. The CDF of UE throughput is still needed to see how much gain can be obtained when UEs are connected to Small cells. However, regarding cell throughput, it is not clear how cell throughput for Small cells can be defined considering dynamic ON/OFF switching of Small cells. Accordingly, overall throughput within the Macro area rather than cell throughput for Small cells can be helpful to see an impact on both victim Small cell UEs and eNBs from interference by aggressor Small cells. Therefore, the following metrics can be considered for interference evaluation among Small cells:
· Macro area throughput (e.g., bps/km2)
· User throughput CDF
Proposal 3: For performance metrics, Macro area throughput and user throughput CDF are considered.
5 Conclusions
This contribution discussed deployment scenarios and evaluation assumptions for interference among small cells at a high level. From the discussions earlier in this contribution, the following proposals may be considered:
Proposal 1: Interference situations between Small cells are considered for evaluation for interference control.
Proposal 2: For dynamic OF/OFF switching of Small cells, the ratio of ON/OFF Small cells and the conventional traffic model are considered for evaluation for interference control among small cells.
Proposal 3: For performance metrics, Macro area throughput and user throughput CDF are considered.
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