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1 Introduction
Small cell on/off is one of the techniques studied for efficient small operation as captured in [1]. The open issues for small cell on/off were captured in [2] as following:
· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.
In this contribution, we discuss further the small cell on/off mechanisms.
2 Discussion
Small cell on/off can be supported by the following mechanisms:
· Handover based procedure – on/off with UE-Cell association
· SCell activation/deactivation based procedure

· Dual connectivity based procedure

· Handover based procedure – on/off with packet arrival/completion
In the following, we discuss the four mechanisms above.
2.1 Handover based procedure – on/off with UE-Cell association
Small cell on/off with the handover based procedure is supported by the current specification, more specifically by the energy saving mechanism developed by RAN3. A source eNB (e.g. a macro eNB) can activate an OFF small cell via the Cell Activation procedure [3]. Once the small cell is activated, the source eNB can hand the UE over to the small cell. The decision for a small cell to switch off is autonomous. The small cell shall handover its RRC_CONNECTED UEs (if any) to other cell before switching off and shall also inform other cells about the switch-off action over X2 interface [3].
This small cell on/off mechanism can be applied to UEs not configured with or capable of carrier aggregation. It also applies to deployment scenarios with both ideal and non-ideal backhaul between the network nodes. In this section, the handover procedure is used in combination with small cell on/off with UE-Cell association [1], i.e. the small cell remains ON if there are UEs connected to it. Due to the Cell Activation procedure and handover procedure, the time before a UE can use the small cell is on the order of seconds. However, after the small cell is ON, there is no extra delay for the transmission of each packet. For an ON small cell, the small cell operates in a backward compatible manner. Hence, assuming the small cell on/off with the handover based mechanism is not very dynamic, legacy UEs can be supported in an ON small cell.
Although the current specification supports small cell on/off with the handover based procedure, enhancements in terms of OFF cell detection and measurement can be pursued. In other words, an OFF cell can transmit some signals to allow cell detection and RRM measurement performed by UEs. With such information, the network can find the most suitable OFF cell to activate for a particular UE. Otherwise, unnecessary Cell Activation procedures for many OFF cells are required, or a suboptimal OFF cell is activated for the UE.
2.2 SCell activation/deactivation based procedure

Small cell on/off with SCell activation/deactivation based procedure is applicable to UEs configured with carrier aggregation, at least in the downlink. Ideal backhaul between the involved network nodes is assumed. Both the small cell and another cell (e.g. a macro cell) shall be RRC configured for the UE, with the small cell being a secondary cell. The small cell can be activated and deactivated depending on whether there is a packet that needs to be transmitted to the UE from the small cell. Hence small cell on/off with SCell activation/deactivation based procedure is suitable for small cell on/off with packet arrival/completion [1]. The latency to activate/deactivate a small cell can be similar to that required to activate/deactivate a secondary cell by a UE, e.g. about 30ms which is the extra latency applied to each packet. Legacy UE support is not expected in a small cell configured with on/off with packet arrival/completion, since the small cell on/off can be very dynamic, e.g. on the order of hundreds of ms. Note that small cell can be activated or deactivated without requiring extra specification support, since the backhaul is assumed to be ideal.
The main specification impact to support small cell on/off with SCell activation/deactivation based procedure is to enable cell detection and RRM measurement for an OFF small cell by UEs, similar to the enhancements required for small cell on/off with the handover based procedure in section 2.1 
2.3 Dual connectivity based procedure

The dual connectivity based procedure is very similar to the SCell activation/deactivation based procedure in section 2.2, except the following aspects:

· The applicable UE shall be capable of and configured with dual connectivity. While the minimum UE capability for dual connectivity is still being studied, it is expected that DL and UL inter-band carrier aggregation is required, i.e. the capability to simultaneous transmission on multiple bands and the capability to simultaneous reception on multiple bands.
· The small cell on/off mechanism based on dual connectivity is applicable to deployment scenarios with non-ideal backhaul between the involved network nodes.

· Due the non-ideal backhaul property, the latency applied to a packet due to small cell on/off is larger for the dual connectivity based procedure than the SCell activation/deactivation based procedure, e.g. by 20ms.
2.4 Handover based procedure – on/off with packet arrival/completion
Comparing the schemes in sections 2.1 – 2.3, the scheme in section 2.1 is preferable from the perspective of applicable UEs and backhaul properties. The schemes in section 2.2 and 2.3 are preferable from the perspective of cell on/off dynamics and the associated more energy saving and interference reduction. The procedure in this section aims to combine the benefits of the procedures in sections 2.1 – 2.3.
The procedure in this section is based on the handover procedure as discussed in section 2.1, which ensures that non-CA UEs and non-ideal backhaul can be supported. Furthermore, the procedure shall support cell on/off with packet arrival/completion. In other words, once an RRC_CONNECTED UE is handed over to the small cell, the UE shall perform RLM even when the small cell is OFF, which is the additional specification work required compared to the schemes in sections 2.1 – 2.3. In order to support UE RLM when the small cell is OFF, a certain amount of DL subframes shall be active and known to the UE. The periodicity of the active DL subframes for RLM is for further study. It is preferable that the set of active DL subframes for UE RLM purpose is also used for cell detection and RRM measurement.
Table 1 summarizes the comparison between the small cell on/off mechanisms discussed in this contribution. To maximize the benefit of small cell on/off, the following proposal is made:
Proposal 1: The mechanism of small cell on/off in Rel-12 shall support non-CA capable UEs in a small cell configured with on/off.
Proposal 2: The mechanism of small cell on/off in Rel-12 shall enable UEs to perform cell detection, RRM measurement, and RLM when the small cell is in OFF state.
In [4], we present our views on cell detection and UE RRM measurement associated with small cell on/off.
Table 1: Comparison of small cell on/off mechanisms
	
	Handover based procedure – on/off with UE-Cell association
	SCell activation/deactivation based procedure
	Dual connectivity based procedure
	Handover based procedure – on/off with packet arrival/completion

	Applicable UEs with minimum requirements
	RRC_CONNECTED UEs without CA configured
	RRC_CONNECTED UEs with CA configured
	RRC_CONNECTED UEs with dual connectivity configured
	RRC_CONNECTED UEs without CA configured

	Applicable cell on/off type
	Cell on/off with UE-cell association
	Cell on/off with packet arrival/completion
	Cell on/off with packet arrival/completion
	Cell on/off with packet arrival/completion

	Applicable backhaul between network nodes
	Both ideal and non-ideal
	Ideal
	Non-ideal
	Both ideal and non-ideal

	Time before a UE can use small cell
	On the order of seconds for the packets arriving before handover is completed

0 ms for packets arriving after handover is completed
	e.g. ~ 30 ms for each packet
	e.g. ~ 50 ms for each packet
	On the order of seconds for the packets arriving before handover is completed
e.g. ~ 30 ms for packets arriving after handover is completed

	Dynamics of cell on/off
	Cell stays ON if there are RRC_CONNECTED UEs in it, hence less dynamic
	Cell stays ON when there is traffic, hence can be very dynamic, e.g. on the order of hundreds of ms
	Cell stays ON when there is traffic, hence can be very dynamic, e.g. on the order of hundreds of ms
	Cell stays ON when there is traffic, hence can be very dynamic, e.g. on the order of hundreds of ms

	Support of legacy UEs
	Legacy UEs can access the small cell when it is ON, assuming the cell on/off is not dynamic, e.g. on the order of second or tens of seconds or even longer.

Legacy UEs needs to be handed over to another cell before the small cell is off
	Legacy UEs is very likely not supported since cell on/off is dynamic, e.g. on the order of hundreds of ms
Note(1)
	Legacy UEs is very likely not supported since cell on/off is dynamic, e.g. on the order of hundreds of ms
Note(1)
	Legacy UEs is very likely not supported since cell on/off is dynamic, e.g. on the order of hundreds of ms 

Note(1)

	Specification impact
	Already supported

Potential specification impact depending on the signal(s) to be transmitted by a small cell in OFF state to ensure cell detection and RRM measurement
	Potential specification impact depending on the signal(s) to be transmitted by a small cell in OFF state to ensure cell detection and RRM measurement
	Potential specification impact depending on the signal(s) to be transmitted by a small cell in OFF state to ensure cell detection and RRM measurement
	Potential specification impact depending on the signal(s) to be transmitted by a small cell in OFF state to ensure cell detection, RRM measurement, and RLM


Note(1): A legacy RRC_CONNECTED UE may be supported if a) the cell on/off pattern can match the Active Time for the legacy RRC_CONNECTED UE configured with DRX and b) the UE does not use any subframe outside of the Active Time for RRM measurement and RLM. 
3 Conclusions
In this contribution, we discuss the small cell on/off mechanisms with the following proposals:
Proposal 1: The mechanism of small cell on/off in Rel-12 shall support non-CA capable UEs in a small cell configured with on/off.
Proposal 2: The mechanism of small cell on/off in Rel-12 shall enable UEs to perform cell detection, RRM measurement, and RLM when the small cell is in OFF state.
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