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1. Introduction
RAN1 discussed semi-static small cell on/off mechanism and discovery signal design in last meeting, and agreed the following [1].
Agreements:
· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme

· The enhancements for transition time reduction may include support of:
· Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring

· Continue to investigate RAN1 related procedure of small cell on/off transition time reduction until RAN1 #75 meeting

In this contribution, we discuss small cell on/off mechanism and discovery signal design aspects for small cell on/off transition time reduction.
2. Discussion
2.1. Small cell on/off mechanism
The small cell on/off operation is mainly applicable for scenario#2, where there is always macro cell coverage to avoid coverage holes due to small cell off, and for UEs in RRC_CONNECTED states. The idle mode UEs may need to be barred to camp on the small cell that is being switched on/off semi statically. In fact, the practical small cell deployment under macro cell coverage will prefer to bar UEs camping on small cell in order to minimize paging and to minimize frequent cell re-selection for moving UEs. Therefore, discovery and measurement enhancements could focus scenario#2 with UEs in RRC_CONNECTED states.
The main objective of discovery and measurement enhancement is to reduce transition time for small cell on/off, according to last RAN1 agreement. The following two options are possible for discovery signal transmission.
· Option-1: Discovery signal transmitted during “off” period only
This option could help to reduce the transition time for “cell off” to “cell on” states by enabling faster detection of off cells. Discovery signal design for this case is also much flexible since other legacy signals are not transmitted during the off period.
· Option-2: Discovery signal transmitted during “on” and “off” period

This option would not directly reduce the transition time for “cell on” to “cell off” state, which could only be reduced by fast transfer (ie., handover or deactivation) of connected UEs in the small cell to other cells. Nevertheless, new discovery signal could improve the number of detectable small cells, and the time to detect the cell, depending on the discovery signal design, compared to available legacy PSS/SSS/CRS signals. If there are cell detection performance benefits with new discovery signal in “cell on” state in scenario#2, then such benefits could be expected for small cell scenario#3 as well.
The specification impacts and implementation complexity of the above option may depend on the discovery signal (DS) type. If the DS is based on PSS/SSS/CRS or CSI-RS or PRS, then both options might require interference coordination and/or interference cancellations, and have similar level of specification impacts. However, option-1 has less specification impacts if new DS is supported. We think option-1 is preferable considering the DS required to reduce on/off transition time.
Observation 1: Discovery signal transmission and measurements in cell off state only is preferable to reduce small cell on/off transition time.
· If new ddiscovery signal transmission in cell on state is supported, then it needs to support all small cell scenarios.
The other approach to reduce small cell on/off transition time is to use carrier aggregation (CA) or dual connectivity mechanism to add and remove UE from the on/off cell.
· SCell activation procedures are used to quickly enable the UE for data transmission and reception from the “just turned on” cell.
· SCell deactivation procedures are used to quickly remove the UE from the “about to turn off” cell.
This approach requires at least downlink CA capability for UE. However, uplink CA capability is not necessary to reduce small cell on/off transition. It is also important to have more UEs capable of supporting small cell on/off feature in the network in order to realize small cell on/off benefits in terms of network energy savings and system performance improvements.
Observation 2: Minimum UE capability to support small cell on/off is downlink CA and single uplink.
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Figure 1: Discovery signal and measurement mechanism for “cell off” to “cell on” state
We consider the small cell on/off mechanism as shown Figure 1, considering the reduced small cell on/off transition time.

1. The small cell transmits the discovery signal (DS) during the “off” period or part of the “off” period. The discovery signal could be transmitted with fixed periodicity (TPeriodicity) and an offset (TOffset) from the end of “cell on” period or from the time macro decide to transmit the DS. The offset could basically indicate the beginning of DS transmission. This is illustrated in Figure 2 below.
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Figure 2: Small cell on/off and discovery signal transmission
2. UE detects the small cell and perform RRM measurements based on the DS.
3. UE sends the measurement reports to the macro cell.
4. The macro cell evaluates whether to switch on the small cell or not based on UE reports.  

5. If the small cell is switched on, the macro cell uses “SCell activation” procedure to enable the UE for data transmission and reception from small cell.     

2.2. Discovery signal design consideration

Synchronized network with synchronized transmission of PSS/SSS was considered in the performance evaluation of small cell on/off and discovery mechanism [2]. However, in practice the received signal at UE from macro cell and small cell are not synchronized due to different propagation delay. It is possible that the propagation delay difference between macro cell and small cell for a particular UE could be up to 0.3 milliseconds since the maximum value possible for timing advance is 0.67 milliseconds, whereas the minimum is 0.52 microseconds. In the small cell on/off scenario, UE is RRC_CONNECTED with macro cell, and is searching for the small cells, which could be either in “cell on” state or in “cell off” state. The macro cell does not know the propagation time between the UE and the small cell, unless UE is mandated to report location information. In this case, macro cell may not be able to signal the exact timing of the discovery signal from small cell. Therefore, the discovery signal design should consider minimizing search window to simplify UE implementation and reduce UE power consumption. It is also useful to consider small cell on/off operation scenarios such as non-synchronized network and network deployment without macro coverage, when designing the discovery signal.  
Observation 3: Discovery signal design should consider the time difference of the received signal from macro and small cell at UE in order to minimize UE implementation complexity and UE power consumption.

Some contribution proposed legacy PSS/SSS/CRS with interference cancellation (IC) receiver as a small cell discovery signal [3-6]. One drawback with this approach is the mandatory requirement for PSS/SSS IC, considering UE implementation complexity and cost. Optional PSS/SSS IC capability will limit the benefits of small on/off features. It should be also noted that PSS/SSS IC for Rel-11 FeICC is optional for FDD and is still FSS for TDD [7]. Therefore, it could be beneficial to consider transmitter based enhancements for PSS/SSS/CRS to handle inter-cell interference, if decided to support new discovery signal to reduce small cell on/off transition time. 

 Observation 4: It could be beneficial to consider transmitter based enhancements for PSS/SSS/CRS to handle inter-cell interference.
3. Conclusion

We presented our view on small cell on/off transition time reduction, and we observe the followings: 

Observation 1: Discovery signal transmission and measurements in cell off state only should be considered to reduce small cell on/off transition time. 

· If new ddiscovery signal transmission in cell on state is supported, then it needs to support all small cell scenarios. 
Observation 2: Minimum UE capability to support small cell on/off is downlink CA and single uplink. 

Observation 3: Discovery signal design should consider the time difference of the received signal from macro and small cell at UE in order to minimize UE implementation complexity and UE power consumption.

Observation 4: It could be beneficial to consider transmitter based enhancements for PSS/SSS/CRS to handle inter-cell interference.
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