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1. Introduction 
Small cell enhancement is identified as one of the most important topics for R12 and onward. The mutual interference problem between densely deployed small cells needs to be carefully handled to enable efficient operation. Small cell on/off scheme is considered as a promising solution to handle the interference problem. In the RAN1 73rd meeting [1], the following conclusions were made on small cell on/off scheme:

Performance observations from the results presented to this meeting (not yet for TR):

· Significant UPT benefits are observed relative to a baseline without CRS interference mitigation or MBSFN subframes, with FTP models 1 and 3 at least when idealised dynamic (i.e., subframe-level) small cell on/off is assumed and with low/medium load 

· Lower gains are also observed with FTP model 3 when semi-static adaptation is assumed
· Gains are due to reduced interference from CRS and common control channels

· FFS performance benefits with feasible time scale

· Potential impacts on other system performance
· Legacy UEs cannot be supported on cells operating dynamic on/off, and legacy Idle UEs cannot be supported in the vicinity of such cells on the same carrier. 

· Mobility: FFS (related to RAN2 Het-Net mobility study and RAN2 small cell study)

· Energy consumption: reduction of energy consumption is expected

Guidance on timescales to be taken into account in simulations until RAN1#74:

· Baseline value of the feasible time scale to be used for further evaluation of network adaptation, if using currently existing procedures, is as follows:

· Time before a UE can use a just turned on small cell: [400] ms

· Time before a new arrived UE (as in FTP 1) can use an already on small cell: [200] 

· Time needed to turn off a cell after turn-off is triggered [200ms]. 

· For faster time scale (e.g., subframe-level), companies need to show the performance along with the feasible procedure(s) (e.g., dual connectivity) to handle the following aspects:
· Cell detection/configuration and attachment

· Time/frequency synchronization

· CSI/RRM measurement and report

· Legacy user handling

Supporting mechanisms for small cell on/off

· Further study the following mechanisms in evaluations for RAN1#74:

· UL/DL signal and measurement enhancements for network adaptation decision making

· Enhancements for cell association and load balancing/shifting

· Signaling (e.g. RRC) to inform UE the network adaptation

· Mechanisms to cope with or avoid disruptive interference/measurement jumps due to network adaptation

· Backhaul signaling and coordination enhancements

In this contribution, some further discussion on the mechanisms to support the small cell on/off scheme is presented in section 2. The conclusion is given in section 3.
2. Small cell on/off scheme
In small cell deployment, as the density of small cells could be high, and deployment may not be properly planned, the inter-cell interference could be quite severe.  Among various solutions to reduce such interference, small cell on/off scheme is considered as a promising solution.  In this solution some small cells are turned off when there is no traffic or there is no UEs to be served in their coverage area, or if  requirement on capacity  is low, the small cell is not required to be on for some period of time.  This is particularly true, for example at night, when there is no UE around a particular small cell,  or a few UEs are in the area where a number of small cells are deployed, in which case one small cell is enough to provide the service.  Turning off a small cell would not only reduce the mutual interference to other nearby small cells, but also save energy. 

There are different ways to turn on and off small cells. One way is to turn on and off small cell on a longer period of time,  for example, turning off some small cells at nights, while turning them back on during daytime.  Such turn on and off operation could be configured on semi-static basis, e.g. in terms of  at least hundreds ms. In the other alternative, the small cell on/off could also be performed dynamically, e.g. on per subframe basis. This method would allow small cell adapt to the traffic requirement or interference condition in a much shorter timescale.
2.1. Semi-static small cell on/off scheme

The transition of a small cell from “on” state to “off” state needs to be accomplished without impacting UEs either in RRC connected state or in idle state within the coverage area of the small cell. The small cell would decide to enter an “off” state when the last one or few associated UEs in a small cell don’t need any service any more.  To facilitate this process, some procedures may be needed, for example, the last active UE(s) could be handed over to another cell. Turning off a small cell abruptly can cause the paging message loss to an idle state UE camping on the small cell. It could also trigger the cell reselection for the associated UE in idle mode which have impact on the UE’s battery life. Thus, how to reduce the impact on the UEs should be further studied for transition from an “on” to “off” state for a small cell.
Proposal 1:

· Further study the mechanism to reduce the impact on the UEs for the transition from an “on” to “off” state for a small cell

When a small cell is in “off” state, the UE in the system could be served by other small cells in the system.  To turn on a small cell, some mechanism should be in place.  For example, mechanisms for the small cell to detect how many UEs are in proximity of an “off” (sleeping) small cell, or mechanisms for the UE to detect if there is a sleeping small cell nearby. Such information could be collected by the small cell or the system and help with the decision to turn on a sleeping small cell.   Currently, two alternatives [2] have been proposed to support the transition of a small cell from “off” to “on” state.

· DL signaling based solution
In this solution, even though the small cell does not serve any UE, it may still need to transmit some signals, e.g., discovery signals, to facilitate the detection of its existence by the UE. The discovery signal could be a signal modified from the existing signals in LTE such as reference signals or synchronization signals.  It could also be a newly designed signal. In order to reduce the impact to the standard, the utilization of existing signals with possible modification should be assessed first in term of detection performance such as accuracy and time duration. If this cannot meet the requirement, a newly design discovery signal should be considered. 
The other issue for the DL signaling based solution is the interference problem on the discovery signal. When the small cell that is in an “off” state transmits the discovery signal, it would be interfered by the transmission of other cells. In order to address this problem, some coordination on the resource/sequences to carry the discovery signal should be made between the cells with mutual interference.
· UL signaling based solution

In this solution, the small cell that is in an “off” state doesn’t need to transmit any signal, instead, it would continuously monitor the UL transmission from the UE nearby  to see if a UE enters  its  coverage area,.  For this solution, a couple of issues needs to be resolved, which include:  what type of UL signals a small cell in “off” state should monitor and how does a small cell determine that a UE is within its coverage. As UL power control is performed in existing LTE system design, and the system and small cell do not know the actual transmit power at the UE, this imposes some difficulty for a small cell to assess if a UE is close to it based only on monitoring its UL transmission.
Proposal 2:

· For the DL signalling based solution

· The feasibility of utilizing the existing signals should be assessed first to reduce the impact on the standard

· The interference issue  on the discovery signals should be addressed 

· For the UL signalling based solution

· It should be further studied what type of UL signals  a small cell in “off” state should monitor and how does a small cell determine that a UE is within its coverage
2.2. Dynamic small cell on/off scheme

The small cell on/off could also be performed dynamically [3], e.g., on a per subframe basis, if only new advanced UEs are served by the small cell. The small cell could dynamically turn on/off its transmission based on the traffic or interference condition. For example, if a small cell has a UE to serve in a subframe, it will transmit in the subframe to the UE, while, in another subframe, if it has no UE to serve, it will not transmit anything, not even cell specific reference signals (CRS) or CSI reference signals (CSI-RS). However, the following problems need to be addressed for the dynamic small cell on/off scheme:
· Cell detection/configuration and attachment
Similar with the issues raised in the semi-static small cell on/off scheme, the mechanism to enable the UE or small cell detection should be investigated. 
· Time/frequency synchronization
In the dynamic on/off scheme, the small cell may not transmit anything in some subframes, this will have negative impact on the tracking of the time/frequency synchronization for the UE.
· CSI/RRM measurement and report
The abrupt change of the power level in different subframes would result in a dynamic change of the interference level among the neighboring cells. This would increase the complexity to perform accurate CSI/RRM measurement and report.
 In addition, it is still not clear if the dynamic small cell on and off scheme can bring much benefit from the viewpoint of interference avoidance due to its abrupt power change. For example, even when there is only one UE served by the small cell, the small cell may still need to transmit the reference signals such as cell specific reference signals at full power to serve the UE, and this may cause unnecessary interference to the neighboring cells. In order to mitigate this problem, dynamic DL power control scheme could be considered to realize the dynamic on/off scheme.

Proposal 3:

· Dynamic DL power control could be further investigated to realize the dynamic on/off scheme.

3. Conclusions

In this contribution, we discussed the mechanism to enable the small cell on/off scheme. Based on our analysis, we have the following proposals:
Proposal 1:

· Further study the mechanism to reduce the impact on the UEs to support the transition from an “on” to “off” state for a small cell

Proposal 2:

· For the DL signalling based solution

· The feasibility of utilizing the existing signals should be assessed first to reduce the impact on the standard

· The interference problem on the discovery signal should be addressed 

· For the UL signalling based solution

· It should be further studied what type of UL signals  a small cell in “off” state should monitor and how does a small cell determine that a UE is within its coverage
Proposal 3:

· Dynamic DL power control could be further investigated to realize the dynamic on/off scheme.
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