3GPP TSG RAN WG1 Meeting #73
 R1-132089
Fukuoka, Japan, 20th – 24th May 2013

Source: 
ZTE

Title:                     Interference Analysis on Small Cell On/Off Switching

Agenda Item:
6.2.5.2.1

Document for:
Discussion and Decision

1. Introduction
In 3GPP TSG RAN #58 meeting, the study item of Small Cell Enhancements (SCE) in physical layer aspects was approved [1]. One focus area of the study is as follows:

· 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 multi-carrier deployments in the small cell layer and, dynamic on/off switching of small cells

In 3GPP TSG RAN1#72bis meeting, a way forward on ICIC in small cell scenarios was agreed [2]. Main candidate techniques for further study are as follows:
· Small cell on/off

· Enhanced power control/adaptation (for both downlink and uplink)

· Enhancement of frequency domain power control (e.g., RNTP) and/or ABS to multi-cell scenarios, including consideration of EPDCCH

· Load balancing/shifting (including cell association) 

· Coordinated scheduling and beamforming with non-ideal backhaul

Among them, small cell on/off has been shown to provide performance gain if dynamic on/off is supported [3, 4]. However, the impact to the system during on/off transition is not known. In this contribution, we discuss some issues of small cell on/off switching.

2. Small cell on/off 
Increasing the number of small cell nodes in hot spot deployment is an effective mechanism to increase network capacity and reduce coverage holes, but it also brings a lot of problems, such as inter-cell interference, increased handover and signalling, energy consumption etc. especially in high density SCE deployment scenarios. Therefore, when the additional capacity is not needed or no UE connection in a small cell, the small cell can be turned off (deactivate), in order to save power consumption and reduce the interference to the adjacent cells. On the other hand, when the additional capacity is needed, the small cell can be turned on (reactivate). This scheme is called small cell on/off [3, 4].

To enable small cell on/off, solutions of on/off triggering have been proposed. For example, the dormant small cell sends a discovery signal in a certain period. The UE receives the discovery signal, and then reports the discovery and measurement information to macro cell (if exist) or other activated small cell which determines whether or not to activate the dormant small cell [5, 6]. Considering interference and power consumption of such discovery signal, the discovery signal should have a large periodicity (may be a few hundreds of milliseconds) and a minimum duration in time.

3. Considerations on small cell on/off switching

3.1 The impact to the system
In dense deployment of small cells, interference exists not only between macro and small cell, but also among small cells. Thus small cell can be adaptively turned on or off to mitigate such interference. When a small cell is turned on, it can transmit data channels as well as common channels. Once a small cell is turned off, the PDSCH will be muted, and all or part of the common channels will be suspended too. There may be only a few common signals or discovery signal kept such that UEs can detect the dormant cells. Without loss of generality, we refer to discovery signal (DS) here. The deactivated small cell can transmit discovery signal in period, thus UEs in the network can detect and report the DS information to the network, e.g. macro cell or a small cell in a cluster. The network will consider the feedback from UE and other factors (e.g. the traffic load of the whole network) to make an on/off decision. For example, if a strong discovery signal is detected by a UE and a dormant small cell node is needed for increasing traffic load, the network will decide to activate the dormant small cell. The on/off decision can be made in centralized or distributed manner, i.e. with or without a node acts like a central unit.

Once a dormant small cell is activated by the network, it will start transmit common channels, e.g. CRS, PBCH, SCH, etc. Nearby UEs are configured to measure the newly activated small cell, and report the measurement result to their serving cell. The serving cell makes handover decision based on the measurement result and other factors. If the decision is positive, the UE will be handed over to the newly activated small cell. Obviously, it will take a considerable delay for the transition. During the transition time, the common signals from the newly activated small cell can be a strong interference to the UE, as the UE has been in the coverage of it. In the worst case, the UE is in the centre of the newly activated small cell. In such case, both PDSCH and PDCCH will be affected, and may not be decoded correctly. 

Small cell on/off performance was evaluated in [3, 4] under some ideal assumptions that the dormant small cell can be turned on and off on a subframe level (i.e. dynamic on/off operation), and a small cell which has no UE associated with it can be turned off immediately. However, the on/off transient time may last several milliseconds to a few hundreds of milliseconds. And small cell on/off switching during this period can potentially introduce interference issues as discussed above. Further study is needed on the impact to the system.
Proposal 1: The impact to the system during small cell on/off switching should be studied.
3.2 Coordination of small cell on/off switching
In [3], characteristics and time scales of small cell on/off scheme is discussed. Transient time, is defined as the duration between the moment that a “turn on” (or “turn off”) decision is made and the moment that the small cell start (or stop) transmit PDSCH. It is stated that it may be desired to have sufficiently shorter transient time as it is viewed as “overhead”. However, as discussed above, there’s an impact during the transient time of small cell on/off switching. Too short a transient time may make coordination impossible, which in turn may degrade the system performance.
Figure 1 shows a typical small cell enhanced scenario 2a, i.e. the small cells are deployed in the presence of an overlaid macro network which is deployed in separate frequency from small cells. The region in thick solid line is macro cell coverage area, and the regions in thin dashed line and in thin solid line are the coverage areas of small cell 1 and small cell 2, respectively. At the beginning, when there is no UE connection in the coverage of small cell 1, small cell 1 is turned off in order to reduce interference and/or improve network energy efficiency. Small cell 1 moves to dormant state and starts sending discovery signal in a certain period.  At this moment, both UE1 and UE2 are served by small cell 2. When UE1 and UE2 are moving to the direction of small cell 1 and sequentially entering the coverage region of small cell 1, UE1 detects the discovery signal which is transmitted by small cell1 and reports the discovery information; but UE2 has not yet detected the discovery signal. If small cell 1 is turned on immediately, it will cause strong interference to UE2 which is still served by small cell 2. In other words, if dormant small cell is activated without consideration of nearby UEs, it will cause strong interference to the UEs under its coverage but served by neighbour cells. 

Similarly, we can consider another scenario as the inverse process of the example shown above. Firstly, UE1 is served by small cell 1. After a period of time, if UE1 leaves the coverage area of small cell 1, it is served by small cell 2 instead of small cell 1. Small cell 1 may be turned off if there is no other UEs and the system has a relax requirement of capacity at this moment. However, “ping-pong” effect may arise if UE1 moves back and forth. In turn, frequent node on/off will cause high interference fluctuation.

If not properly coordinated among cells, such small cell on/off switching will cause high interference fluctuation to the neighbouring cells. It is a challenge for interference measurement and scheduling for all the cells. To avoid the above issues, the on/off procedure and necessary information coordination should be carefully designed such that the network and/or the node has enough information to make on/off decision. 

Proposal 2: Coordination among cells for small cell on/off switching should be studied.
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Figure 1. Example of small cell on/off scheme in SCE scenario 2a

4. Conclusions
In this contribution, we discuss some issues of small cell on/off switching. The following are proposed:

Proposal 1: The impact to the system during small cell on/off switching should be studied.
Proposal 2: Coordination among cells for small cell on/off switching should be studied.
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