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1. Introduction

In TR36.872, it has been concluded that reduced transition time of small cell on/off operation can increase the performance based on company’s results.  According to the results in [1], significant gain can be observed when the transition time of small cell on/off is around 10ms.  Enhancements on cell discovery and measurement can already reduce the transition time of small cell on/off operation from hundreds to tens of milliseconds but further transition time reduction requires procedure enhancement.  However, it’s still not clear whether existing mechanisms, such as carrier aggregation activation/deactivation and handover procedure, can provide transition time around 10ms if the backhaul between macrocell and small cell is non-ideal.
In this paper, we first investigated whether existing mechanisms can provide transition time around 10ms and then proposed two methods for procedure enhancements.  The state of “off” of a small cell means the state with no downlink transmission except the transmission of discovery reference signal throughout this paper.


2. Issues in Existing Mechanisms 
In this section, we consider two existing mechanisms as candidate solutions to facilitate fast small cell on/off operation – 1) handover; 2) carrier aggregation.
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Figure 1.  Handover procedure supporting small cell on/off operation
According to [2], handover procedure consists of 9 steps as shown in Figure 1.  In the figure, the steps marked by blue color are L3 signaling and others are L1/L2 signaling.  To support small cell on/off operation, small cell eNB has to be turned on at the time between Step 6 (handover request Ack) and synchronization/RACH.  However, due to unpredictable non-ideal backhaul latency, it’s not easy for a small cell eNB to control the turn-on time immediately before synchronization/RACH by existing mechanism.  After starting synchronization, UE needs to take additional 18ms for intra-frequency and 28ms for inter-frequency to complete the handover procedure so it may require more than 50ms in total for the state transition from off to on.   In addition, backhaul signaling overhead of frequent handovers due to small cell fast on/off operation can be another concern.  Therefore, handover procedure is not feasible to support small cell fast on/off operation without any enhancement.
Observation #1: It’s not easy to reduce the transition time less than 50ms by handover procedure due to non-ideal backhaul latency and the time for UE to complete synchronization and RACH procedure.  In addition, backhaul signaling overhead of frequent handovers for small cell on/off operation can be large.
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Figure 2.  Procedure of carrier aggregation activation/deactivation supporting small cell on/off operation

Compared to handover procedure, carrier aggregation activation/deactivation seems to be a more feasible candidate solution to support small cell fast on/off operation.  Figure 2 shows the procedure of carrier aggregation activation/ deactivation to support small cell on/off operation.  From the figure, a small cell eNB should be turned on between the step of turn-on + data forwarding and step of first DL allocation from the small cell eNB to an UE.  However, due to unpredictable non-ideal backhaul latency, it’s not easy for a small cell eNB to control the turn-on time to synchronize with the time UE’s transceiver gets ready for both the best UE power efficiency and the maximal user packet throughput.  If a small cell eNB is turned on too early, CRS transmission without data transmission would introduce unnecessary inter-cell interference and thus degrade the user packet throughput.  If an UE starts DCI monitoring and SRS transmission too early, limited UE power would be used for unnecessary activities and thus degrades UE power efficiency.  In carrier aggregation activation/deactivation procedure, UE is required to get its transceiver ready for DCI monitoring on/for Scell, SRS transmission on Scell and PHR for Scell within 8~24ms after receiving MAC CE activation command and turn off its transceiver within 4~8ms after receiving MAC CE deactivation command.  If a macrocell eNB or the core network can control small cell turn-on and turn-off at the time of 8ms after the served UE receives MAC CE activation command and 8ms after the served UE receives MAC CE deactivation command, respectively, the transition time can be reduced to 16ms for off-to-on and 4ms for on-to-off.  However, due to unpredictable backhaul latency, either longer transition time (if a small cell is turned on earlier or turned off later) or more UE power waste (if a small cell is turned on later or turned off earlier) is expected.  Considering system performance, a bit more UE power waste may be acceptable when the packet size is sufficiently large.  To resolve this issue, direct communication between UE and small cell eNB may be needed before the 1st downlink allocation.
Observation #2: It’s possible to reduce the transition time less than 20ms by carrier aggregation activation/ deactivation mechanism if MeNBs or core network can predict non-ideal backhaul latency accurately and take the predicted latency into account to activate/ deactivate SeNBs . However, it may be difficult.
Observation #3: Due to the lack of direct communication between UE and SeNB, there is trade-off between UE power efficiency and user packet throughput when applying carrier aggregation activation/ deactivation mechanism to support small cell on/off operation.
From the discussion above, carrier aggregation activation/deactivation mechanism should be the baseline for the benchmark of any further enhancement.  To achieve both reduced transition time and UE power efficiency, additional enhancements based on carrier aggregation activation/deactivation mechanism are needed.  Two methods of enhancements are discussed in Section 3.
Proposal #1:  Carrier aggregation activation/deactivation mechanism should be the baseline for the benchmark of any further enhancement to support small cell fast on/off operation.


3. Methods of Procedure Enhancement
Two candidate methods for further enhancement based on carrier aggregation activation/deactivation mechanism are considered in this section – 1) Small cell on/off operation with MeNB assistance; 2) Small cell on/off operation without MeNB assistance.
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Figure 3.  Small cell on/off operation with MeNB assistance
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Figure 4.  Example illustration of small cell on/off operation with MeNB assistance

Figure 3 illustrates the concept of the first method.  In the figure, MeNB signals carrier aggregation activation/ deactivation command to activate/deactivate UE’s transceiver for the connection with SeNB.  Since SeNB may serve more than one UE, UE activities for the connection with SeNB don’t need to synchronize with SeNB active state.  Figure 4 further illustrates an example for the first method.  In the figure, three types of new signaling are proposed for the enhancements based on carrier aggregation activation/deactivation mechanism.  The RRC-layer signaling of activation latency is utilized to indicate the difference between the time MAC CE activation command is received by an UE and the time SeNB is turned on.  With this information, UE can turn on its transceiver immediately before SeNB is turned on and thus improves its power efficiency if the activation latency is longer than the latency UE gets its transceiver ready.  If the activation latency is shorter than the latency UE gets its transceiver ready, uplink ACK layer-1 signal is utilized to notify an SeNB so that it can turn on its downlink transmission at the right time.  The activation latency can be different in different networks so it’s signaled to an UE through RRC-layer configuration.  The signaling of Tx deactivation time, which can be either layer-1 or higher-layer signaling, is utilized to notify an UE the time an SeNB is turned off to reduce unnecessary UE power consumption.
[image: image5.emf]MeNB is always in Active State

UE

MeNB

On Pcell

SeNB

On Scell

Scell Activation Scell Deactivation

UE Activities for SeNB

SeNB is in Active State

UE Activities for SeNB

SeNB is in Active State

Activation Deactivation Activation Deactivation

Time


Figure 5.  Small cell on/off operation without MeNB assistance
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Figure 6.  Example illustration of small cell on/off operation without MeNB assistance
Figure 5 illustrates the concept of the second method.  In the figure, UE’s transceiver for the connection of SeNB is activated/deactivated by the direct signaling from SeNB and carrier aggregation activation/deactivation command from MeNB is utilized to activate Scell measurements or other necessary UE activities.  In order to enable small cell fast on/off operation, layer-1 signaling is preferred for the direct signaling from SeNB to UE.  Figure 6 further illustrates an example for the second method.  In the figure, three types of new signaling directly from SeNB are proposed to reduce the transition time of small cell on/off operation.  The signaling of transmission activation time is utilized to notify an UE when an SeNB will be turned on and the UE can start to make connection with the SeNB.  Uplink ACK signal is utilized for an UE to acknowledge an SeNB that it is ready for reception so as to reduce the waiting time of either side for power efficiency improvement and inter-cell interference control.  The signaling of transmission deactivation time is utilized to notify an UE when an SeNB will be turned off and UE can turn off its transceiver for power saving.  With the proposed signaling, the transition time of small cell on/off operation can be around 10ms due to the direct communication between UE and SeNB.  However, because of long transmission periodicity of transmission activation time, which aligns with discovery reference signal, there may be latency with tens of milliseconds.  Since small cells are usually used for non-real-time data offloading, latency with tens of milliseconds should be acceptable.
Observation#4:  Two methods are proposed to enhance carrier aggregation activation/ deactivation mechanism and both of them can achieve less transition time than legacy mechanisms.
· Method #1: Small cell on/off operation with MeNB assistance
· It requires enhancements on both higher-layer and layer-1 signaling
· Signaling to an UE via MeNB’s assistance when SeNB is off

· Signaling to an UE via direct communication between UE and SeNB when SeNB is on
· Method #2: Small cell on/off operation without MeNB assistance 

· It requires enhancements on layer-1 signaling only
· Signaling to an UE via direct communication between UE and SeNB no matter whether the SeNB is on or off
Proposal #2: Enhancements on the signaling via direct communication between UE and small cell eNB is beneficial and should be considered for transition time reduction and should be considered at least when small cell eNB is turned on.


4. Conclusion
Based on the discussion is in Section 2 and 3, observations and proposals are summarized as follows.
Observation #1: It’s not easy to reduce the transition time less than 50ms by handover procedure due to non-ideal backhaul latency and the time for UE to complete synchronization and RACH procedure.
Observation #2: It’s possible to reduce the transition time less than 20ms by carrier aggregation activation/ deactivation mechanism if MeNBs or core network can predict non-ideal backhaul latency accurately and take the predicted latency into account to activate/ deactivate SeNBs . However, it may be difficult.
Observation #3: Due to the lack of direct communication between UE and SeNB, there is trade-off between UE power efficiency and user packet throughput when applying carrier aggregation activation/ deactivation mechanism to support small cell on/off operation.
Observation#4:  There are two methods proposed to enhance carrier aggregation activation/ deactivation mechanism and both of them can achieve less transition time than legacy mechanisms.

· Method #1: Small cell on/off operation with MeNB assistance

· It requires enhancements on both higher-layer and layer-1 signaling

· Signaling to an UE via MeNB’s assistance when SeNB is off

· Signaling to an UE via direct communication between UE and SeNB when SeNB is on

· Method #2: Small cell on/off operation without MeNB assistance 

· It requires enhancements on layer-1 signaling only
· Signaling to an UE via direct communication between UE and SeNB no matter SeNB is on or off
Proposal #1:  Carrier aggregation activation/ deactivation mechanism should be the baseline for the benchmark of any further enhancement to support small cell fast on/off operation.
Proposal #2: Enhancements on the signaling via direct communication between UE and small cell eNB is beneficial and should be considered for transition time reduction and should be considered at least when small cell eNB is turned on.
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