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1.

Introduction
The agreements from RAN1#75 include [1,2]:
· Dormant mode based on the current RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off.
· 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 gain increases with decreasing transition time. 

· The small cell on/off with reduced transition time can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures

· New L1 procedure for activated SCell operating on/off can further reduce transition time depending on the detailed solutions

· To support an enhanced transition time reduction, discovery procedure/signal(s) is needed:
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL

· This may include support of discovery and measurement enhancement(s) in DL and its usage in related procedures.
The baseline RAN3 long-term on/off mechanism has the following approximate on/off transition times [3]:

· Off-to-on time of 2000ms.

· On-to-off time of 150ms.

In RAN1#62, dual connectivity is also approved to be a new Work Item [4]. The work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilize radio resources provided by two distinct schedulers, located in Master eNB (MeNB) and Secondary eNBs (SeNB). Functions and procedures to realize C-plane and U-plane protocol and architectures supporting alternatives 1A and 3C should be introduced.
This contribution compares possible reduction of transition times in semi-static small cell on/off switching, based on discovery signals and dual connectivity procedures.
2.

Reduced transition times for non-CA case
In small cell on/off study, the criteria used for semi-static small cell on/off  may be the traffic load increase/decrease, UE arrival/departure (i.e. UE-cell association), and packet call arrival/completion. For example, when UE data arrives, the MeNB will select the small cell with best RSRQ for data transmission; if it is in off state, it will be activated by the MeNB. The time scale reduction methods of traditional handover case and CA case were proposed by companies in the SI phase.
Discovery signals (DS) may be transmitted by small cells in off state [2], where the DS can be existing SS/RS such as PSS/CSI-RS/PRS, or can be modified SS/RS or some new signal. Regardless of the structure of the DS, since OFF cells transmit DS, it is assumed that no additional delay is incurred due to intra-frequency or inter-frequency cell detection and acquisition for such cells. Cell acquisition times range from up to 800ms for intra-frequency case and 3840ms for inter-frequency case [5], and eliminating these delays significantly reduces on/off transition times.
The major delay in off-to-on activation is therefore due to the following steps as shown in Fig. 1: 

· UE measurement report to serving cell (2ms)

· Handover preparation and execution, (inter-eNB case is around 50ms)

· Preamble detection and first PDSCH transmission (8ms); may be higher if contention-based random access is used
Therefore, for a UE without CA capability, with DS the approximate on/off transition times are
· Off-to-on time of at least 60ms.

· On-to-off time of 50ms [5].
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Fig. 1 – Off-to-on transition process when small cells transmit discovery signal in OFF state.
Observation 1: For small cells transmitting discovery signals, on/off switching has off-to-on transition time of at least 60ms, and on-to-off transition time of 50ms for UEs without CA capability.
3 
Reduced transition times with Dual Connectivity
The new work item [4] on dual connectivity operation considers a given multiple Rx/Tx UE in RRC_CONNECTED which is configured to utilize radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. It is assumed small cells are configured as SeNBs which may be turned on or off based semi-statically. Dual connectivity may allow a faster transition by reducing/eliminating the need for handover to and from a small cell performing on/off [6], since the MeNB serves as a mobility anchor. Once dual connectivity between a UE and a small cell is configured, the activation/deactivation of the cell based on a procedure similar to carrier aggregation may be used. Based on Sec. 2.1, it is assumed that on/off switching methods based on dual connectivity continue to utilize discovery signals by cells in OFF state so as to eliminate the cell detection delay.
Considering the dual connectivity case, different U-plane architecture and different serving cell (DCell) configuration /activation schemes will result in different on/off transition time scales.
3.1

On/off applicable to all SeNB cells 

In case of multiple carriers deployed by a SeNB, RAN2 has already agreed that “The SeNB has to have one special cell containing at least PUCCH, and potentially also some other PCell functionality” [6]. As a baseline, it is first assumed that on/off switching is applicable to all SeNB cells, including the special SeNB cell. For off-to-on transition for architecture 1A, assuming one-way backhaul delay of 10ms, the major components are: 
· Special SeNB cell configuration (20ms) and activation (24ms) by the MeNB

· SCell activation delay (24ms)

· Delay from preamble detection to the first transmission of DL data without contention-based RA (8ms). 
Additional delay may be incurred if contention-based RA is used in the last step. For on-to-off transition, the major delay component is the SCell deactivation time. 

Therefore, the approximate transition times with dual connectivity procedures are
· Off-to-on time of at least 75ms.

· On-to-off time of at least 10ms.

In the case of architecture 3C, additional delays are introduced due to data forwarding from MeNB to SeNB.

Observation 2: For small cells configured with dual connectivity, when on/off switching is applied to all SeNB cells including special SeNB cell, the off-to-on transition time is at least 75ms, and on-to-off transition time of at least 10ms.

3.2
Special SeNB cell always on 

When considering dual connectivity, the selected small cell in SeNB needs to be configured as a DCell for data transmission to UEs. We think the special SeNB cell plays an important role for DCell configuration and control in SeNB, and it is preferred to be always-on to perform frequent management activity. The other SCells in SeNB can be semi-statically turned on and off. 
3.2.1
Small cell off–on transition time

We will next analyze the small cell off-to-on procedure with dual connectivity based on Fig. 2. The procedures related to architecture 1A are shown with dashed lines.
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Fig. 2 – An example of small cell off-on procedure with dual connectivity when special SeNB cell is always ON.
· STEP1: CONFIGURE/ACTIVATE SPECIAL SeNB CELL AS DCELL IN SENB 

When considering dual connectivity, the selected small cell in SeNB needs to be configured as a DCell for data transmission to UEs. The special SeNB cell is always-on to perform frequent management activity. The other SCells in SeNB can be semi-statically turned on and off. Before the UE data actually arrives, the special SeNB cell can be configured as a DCell by MeNB if e.g. its signal quality or of its co-located SCells is good enough according to UE’s measurement report. By this way, when UE data arrives, only the SCells need to be configured and activated. The time for DCell configuration/activation of special SeNB cell can be saved, which is around 50ms considering round-trip backhaul delay (20ms) and MAC activation time (24ms).
Observation 3: Small cell off-on transition time could be greatly shortened if special SeNB cell will be always-on and can be configured and activated as a DCell in advance.

After this procedure, UE is on dual connectivity status with MeNB and SeNB and it can be configured in DTX status. For 1A case, the update of UP path towards the EPC can be performed before data arrive to minimize service delay.

· STEP2a: CONFIGURE SCELL AS DCELL IN SENB / STEP2b: ACTIVATE SCELL IN SENB

When UE data arrives, the SCell with the best RSRQ quality will be activated by special SeNB cell. The SeNB will determine the resources, allocates L1&L2 and and provides dedicated RACH configuration for synchronization based on the situation of its SCell, QoS information, UE capability information and UE radio resource configuration. The SeNB can exchange the UE configurations with MeNB by RRC container. If MeNB accepts this configuration, it will send the RRC reconfiguration message to UE.

In order to further reduce the time scale, Step2a can be performed together with step1. That means the SCell(s) with good channel quality can be configured as a DCell in advance by RRC signaling. Any of the small cells can be activated by special SeNB cell at any time when necessary such as data arrival, which is step2b.
For activating the SCell, there are two methods for sending MAC CE to UE:

· Method 1: MAC CE will be send from SeNB to UE directly. By this way, only SCell activation delay is considered for transition time scale, around 20ms.

· Method 2: MAC CE will be send from MeNB to UE. In this case, SeNB will send the MAC CE to MeNB then the MeNB delivers the MAC CE to UE. Besides the SCell activation delay, the doubled X2 delay should be also included in the transition time scale. That is around 40ms if we consider 10ms X2 delay.

Observation 4: Small cell off-on transition time could be further reduced by

· Configuring the SCell(s) as DCell(s) in advance.

· Activation/deactivation of SCell can be controlled by SeNB and the MAC CE can be send from the SeNB to UE directly.

When the SCell is activated, the UE will perform random access procedure. In this scheme, a contention based random access is used and this process will take around 14.5ms. Now, UE is ready for data assignment. In case of 1A, SeNB can get the data through S1 from EPC directly. There is no need to route the traffic to MeNB and the requirements on the backhaul link between MeNB and SeNB are low. In case of 3C, MeNB should route the traffic to SeNB, therefore the X2 delay should be considered. In order to reduce the transition time scale, some methods for buffering the data in SeNB beforehand may be considered.
As a conclusion, the reduced on-to-off transition times for 1A and 3C will be:
· Reduced Transition Time (1A) = Special SeNB cell configuration/activation time (can be ignored) + SCell configuration (can be ignored) /activation time (24ms) + random access (14.5) = 38.5ms

· Reduced Transition Time (3C) = Special SeNB cell configuration/activation time (can be ignored) + SCell configuration (can be ignored)/activation time (24ms) + random access (14.5) + data transmission delay (assuming 20ms)= 58.5ms

Observation 5: By using the optimized DCell configuration/activation procedure, the transition time scale for small cell off-on can be around 40ms and 60ms for 1A and 3C case respectively. At this level, small cell on-off can achieve moderate to large throughput gain according to [2].
3.2.1
Small cell on–off transition time

When there is no data transmission under the small cell, small cell can be deactivated and turned off. In RAN2 discussion, it is FFS whether the MeNB requests the SeNB to release a serving cell for one of its UE or whether the SeNB initiates and creates a container that will result in the release of serving cell. Or, whether the MeNB can by itself releasing a serving cell maintained by the SeNB. Generally, the on-off transition time will take around 10~30 millisecond for these cases, considering 8ms deactivation delay and different X2 requirements.

Observation 6: The on-off transition time will be reduced to around 10ms when SeNB can initiate and create a container that will result in the release of serving cell.
4.

Conclusion
We have the following observations:
Observation 1: For small cells transmitting discovery signals, on/off switching has off-to-on transition time of at least 60ms, and on-to-off transition time of 50ms for UEs without CA capability.

Observation 2: For small cells configured with dual connectivity, when on/off switching is applied to all SeNB cells including special SeNB cell, the off-to-on transition time is at least 75ms, and on-to-off transition time of at least 10ms.

Observation 3: Small cell off-on transition time could be greatly shortened if special SeNB cell will be always-on and can be configured and activated as a DCell in advance.

Observation 4: Small cell off-on transition time could be further reduced by

· Configuring the SCell(s) as DCell(s) in advance.

· Activation/deactivation of SCell can be controlled by SeNB and the MAC CE can be send from the SeNB to UE directly.

Observation 5: By using the optimized DCell configuration/activation procedure, the transition time scale for small cell off-on can be around 40ms and 60ms for 1A and 3C case respectively. At this level, small cell on-off can achieve moderate to large throughput gain according to [2].
Observation 6: The on-off transition time will be reduced to around 10ms when SeNB can initiate and create a container that will result in the release of serving cell.
References

[1] Chairman’s notes, RAN1-75, San Francisco, 2013.
[2] 3GPP TR 36.872, Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects (Release 12), v12.1.0, Dec. 2013.

[3] R1-135405, Discussion of transition time in dormant mode on-off switching, Hitachi Ltd.
[4] RP-132069, “New Work Item Description: Dual Connectivity for LTE,” RAN#62, NTT DOCOMO, INC., NEC Corporation, Dec. 2013.

[5] R1-133790, Discussion on the time scales for evaluations of small cell ON/OFF, Panasonic.

[6] 3GPP TR 36.842, Study on Small Cell enhancements for E-UTRA and E-UTRAN; Higher layer aspects, v12.0.0, Nov. 2013.

_1452514796.vsd
テキスト�

UE


Adjacent Small Cell


Serving Cell


SC = OFF


(Discovery Signal) 


Measurement Report


Preamble detection


UE connected to active small cell or macro


SC = ON


HO Command


HO Accept


First DL transmission


HO Request


Measurement gap



_1453536664.vsd
テキスト�

UE


SeNB


Measurement Report


SeNB Addition Complete


SCell = OFF


(Discovery Signal) 


MeNB


Measurement Report


Random Access Procedure


UE Data arrives


UE connected to MeNB
(UE=DTX)


SCell = ON


Data assignment for 1A


Data assignment for 3C


 SeNB Addition Request


SeNB Addition Command


 RRC connection reconfiguration 


Measurement Report


Random Access Procedure


 RRC connection reconfiguration Complete 


 RRM Decision


S-GW


MME


E-RAB Modification Confirmation


Bearer Modication


E-RAB Modification Indication


MAC CE


UE connected to MeNB and SeNB
(UE=DTX)


SeNB reconfiguration


 RRC connection reconfiguration 


 RRC connection reconfiguration Complete 


MAC CE


MAC CE


 RRM Decision


 RRM Decision


Special SeNB Cell = ON



