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1 Introduction
One of the objectives of the work item on small cell enhancements recently approved in the RAN plenary [1] is to enhance efficiency of small cell on/off operation through reduced transition time:
Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· 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
· Discovery procedure/signal(s) are 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. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.

As indicated in the WID, small cell on/off procedure can be performed using existing procedures such as handover, CA activation/deactivation as well as any new dual connectivity procedure. Performance of small cell on/off depends largely on on the transition time of small cell on/off , as captured in the TR [2]
· 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
The overall latency can be roughly divided into three parts: 

a) latency for the network to obtain the necessary information about channel condition e.g. through RRM measurement procedure, before deciding to trigger a procedure. This latency can be significantly reduced through discovery signal based RRM measurement; 
b) latency for signalling over backhaul or network decision, e.g. inter-eNB coordination delay, this latency is mainly contributed by backhaul delay especially for non-ideal backhaul; 
c) latency to carry out the procedure itself (handover, cell configuration/activation).  Minor enhancements are possible to minimize latency.
In this contribution, we discuss the possible small cell on/off procedures and compare the latency of different procedures.
2 Overview of small cell on/off scenarios and procedures
From the study phase, it was concluded that discovery signal (DS) is beneficial to provide cell detection and RRM measurement capability for cells that are off as well as to provide enhanced cell detection and RRM measurement capability for densely deployed small cells, which is better than the PSS/SSS.
In this section, we provide an overview of possible small cell on/off procedures assuming DS is transmitted from the small cells by reusing the handover procedure, carrier aggregation and dual connectivity procedure. 
2.1 Handover
Handover procedure is one option available to the network for operating small cell on/off. UEs can be handed over to, or from, a cell that is just turned on, or about to be turned off, respectively. Cell on/off is already supported by the current specification, i.e. cell activation procedure as given in [3]. The cell activation procedure is just defined by X2 signaling without any enhanced measurement supports so it operates on a long term basis. Therefore the current cell activation procedure can be used only for the energy saving purposes.
However, by reducing the transition time of small cell on/off, we can additionally achieve cell throughput enhancement as well as energy saving. An effective way to reduce the transition time is to introduce the discovery signal. The introduction of the discovery signal makes it possible that an RRC CONNECTED UE which is close to an off cell can perform the measurement reporting of the off cell. By having the measurement reporting of off-cells, the network can perform the handover procedure of the UE to the off cell. Prior to the handover procedure, cell activation procedure could be triggered for off to on transition of the target cell.
The cell deactivation procedure is not defined by X2 signaling. Therefore, transition from off to on may be done autonomously by the small cell. One simple example is that if a small cell remains without any connected UEs for a while, it can change to off by itself. Before the cell goes to off state, it can notify its neighboring cells that it is deactivated via eNB configuration update signaling [3].

Handover scenario based on/off is pretty much same as the normal handover scenario except the support of discovery signal. Therefore, we can say that this scenario can be applicable for mobility and traffic load control just like the existing handover.

Figure 1 is showing the possible handover scenarios with small cell on/off. Figure 1-(a) is the inter-frequency handover from a macro eNB to a small cell eNB where the small cell eNB changes its status from off to on. Figure 1-(b) is the intra-frequency handover between small cell eNBs, where the target small cell eNB changes its status from off to on and possibly the source small cell eNB changes from on to off. 
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(a) Inter-frequency handover






(b) Intra-frequency handover

Figure 1: handover based small cell on-off scenario
Small cell on/off using handover procedure is illustrated in Figure 2. 
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Figure 2: Small cell on/off with handover procedure
Observation
· The handover based small cell on/off is applicable for mobility, load balancing and load aggregation.
Proposals
· Discovery signal is to be transmitted from small cell to support cell detection and RRM measurement for off cells.
· Off cell can change to on by the current cell activation procedure based on UE measurement report for discovery signal

· On cell can change to off autonomously
2.2 CA activation/deactivation

Unlike the handover scenario, small cell on/off based on CA activation/deactivation needs a PCell which is always on. If a CA-capable UE is in CA configuration as shown in Figure 3(a) and (b), there can be multiple SCells configured for the UE and the serving cell can activate or deactivate SCells if required. The small cell on/off can be linked with this SCell activation/deactivation. If a SCell is deactivated for a UE and it does not serve any other UEs, then this SCell can be off. Conversely, if an off SCell is activated for a UE, then it should become on again.

In CA based small cell on/off scenario, only SCell can become off since PCell cannot be deactivated. And since the small cell on/off can be triggered by the SCell activation/deactivation, the transition time could be faster than handover scenario. The on/off can be applied based on packet arrival/completion and for the traffic load control.

Figure 3(a) is showing the CA operation inside a small cell and Figure 3(b) is showing the CA operation between macro cell and small cell which are connected with ideal backhaul. 

For this scenario, RRM measurement based on discovery signal is also supported, which could be used for triggering addition/release of SCell for carrier aggregation.
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         (a) Intra-eNB CA
(PCell is a small cell)


(b) Inter-eNB CA with ideal backhaul (PCell is macro cell)
Figure 3: Carrier aggregation (CA) based small cell on-off scenario
Small cell on/off using SCell activation/deactivation procedure is illustrated in Figure 4. 
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Figure 4: Small cell on/off with SCell activation and deactivation procedure

Observation
· The CA based small cell on/off can be applied based on packet arrival and completion

Proposals
· Discovery signal is to be transmitted from the small cell to support cell detection and RRM measurement for SCells.

· On cell changes to off by SCell deactivation

· Off cell changes to on by SCell activation
2.3 Dual connectivity

Another procedure to operate small cell on/off is the dual connectivity procedure. Figure 5 is showing the dual connectivity scenario where there are MeNB and SeNB that are connected via non-ideal backhaul. 

Even though dual connectivity based on/off can also be applied based on packet arrival/completion like the CA scenario, the procedure is a bit different from the CA activation/deactivation. In dual connectivity, there is a primary SCell (P-SCell) in SeNB and it cannot be treated as the normal SCell e.g. it can be configured with PUCCH and it may not be deactivated (pending RAN2 decision). Therefore, CA-like activation/deactivation may not work for small cell on/off in this scenario as it is. One simple option is to link the on/off mechanism with the SeNB addition/release. However, SeNB addition/release is an RRC procedure which is not as fast as the CA activation/deactivation. Other solutions are also possible based on MAC or L1 procedure with some modifications which will be discussed later.

For this scenario, discovery signal is also transmitted at least for cell detection and RRM measurement for SeNBs.
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Figure 5: Dual connectivity (DC) based small cell on-off scenario
Proposal
· Discovery signal is to be transmitted from the small cell to support cell detection and RRM measurement for SeNBs.
2.3.1 SeNB addition and release
In this approach, to connect to a new SeNB, existing SeNB configuration (if any) is RRC released before the new SeNB is RRC added. For dual connectivity, P-SCell be activated by default upon RRC configuration (i.e. SeNB should be ON), to remove activation latency. During connection with the SeNB, SeNB can be turned off and on. Before the SeNB is turned off, SeNB configuration at UE is RRC released. After the SeNB is turned on again, SeNB is RRC configured at the UE. For this procedure, P-SCell can be assumed always activated. The procedure is illustrated in Figure 6. Note that MeNB also plays a role in the small cell on/off operation through sending SeNB addition RRC message before the UE can use the just turned on small cell, therefore coordination over backhaul between the SeNB and the MeNB is required.
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Figure 6: Small cell on/off with SeNB addition and release procedure 
2.3.2 SeNB activation and deactivation
In this approach, to connect to a new SCell, existing SeNB configuration (if any) is RRC released before the new SeNB is RRC added. For dual connectivity, P-SCell can be activated by default upon RRC configuration (i.e. SeNB should be ON), to remove activation latency. During connection with the SeNB, SeNB can be turned off and on. Before the SeNB is turned off, the cell is deactivated, but may not need to be RRC released. After the SeNB is turned on again, the cell can be re-activated and RACH can be initiated by the UE to acquire UL sync. This procedure is illustrated in Figure 7. Note that MeNB also plays a role in the small cell on/off operation through sending SeNB addition RRC message or SeNB MAC activation CE before the UE can use the just turned on small cell.
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Figure 7: Small cell on/off with SeNB activation and deactivation procedure
2.3.3 Layer 1 on/off signaling procedure
In all the previous procedures, either RRC configuration or MAC act/deact CE to control ON/OFF status of cells, and another eNB (MeNB) needs to be involved for RRC signalling or MAC signalling. As a result, there can be large latency due to the need for inter-eNB coordination over non-ideal backhaul. It seems possible to avoid this backhaul delay by allowing the small cell to inform the UE directly about the on/off state of the cell. There are two possible ways:
1. On/off status of a cell is indicated by the discovery signal it transmits. 

2. On/off status of a cell is determined by the UE, e.g. through PSS/SSS/CRS detection by the UE.
Since DS should offer more reliable and more power efficient cell detection and measurement performance than that of PSS/SSS/CRS, it seems that on/off indication by DS is preferable if on/off status signalling of a cell is supported.  

The general procedure of this approach is illustrated in Figure 8.
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Figure 8: Small cell on/off with L1 on/off signalling procedure
2.4 Discussion on latency of various procedures
In this section, we discuss the latency involved for various procedures described in the previous section:

a) Rel-10 CA based procedure (ideal backhaul)

b) Dual connectivity procedure

i. SeNB addition/release procedure

ii. SeNB activation/deactivation procedure

iii. L1 on/off signalling procedure (DS based) 

We shall pay particular attention to small cell on/off using dual connectivity procedure since non-ideal backhaul is a priority assumption for Rel-12 small cell enhancements. 

Time before a Rel-10 CA capable UE can use a just turned on small cell as SCell, upon receiving measurement report from the UE (i.e. detection and measurement delay excluded) is given in Table 1.
Table 1: Latency for Rel-10 CA based procedure (ideal backhaul)
	Cases
	Latency components
	Total latency

	Switch on new SCell
	Network coordination time (intra-eNB) + RRC message processing time + MAC activation delay + UL initiated RACH procedure
	5 + 15 + 24 + 14.5 = 58.5ms

Note: Reference for UL initiated RACH procedure delay is obtained from TS 36.912 B1.2.1.2 

	Switch on existing SCell
	Network coordination time (intra-eNB) + MAC activation delay + UL initiated RACH procedure
	5 + 24 + 14.5 = 43.5ms

	Switch off SCell
	Network coordination time (intra-eNB) + MAC deactivation delay
	5 + 8 = 13ms


Time before a UE with dual connectivity capability can use a just turned on small cell as SeNB, using SeNB addition/release procedure, upon receiving measurement report from the UE (i.e. detection and measurement delay excluded) is given in Table 2. Non-ideal backhaul is assumed.
Table 2: Latency for dual connectivity procedure – SeNB addition/release procedure
	Cases
	Latency components
	Total latency

	Switch on new SeNB / existing SeNB
	Network coordination time (inter-eNB) + RRC message processing time + RF preparation time + UL initiated RACH procedure 
	50 + 15 + 18 + 14.5 =97.5ms

Note: RF preparation time is derived from SCell MAC activation delay specified in RAN4: 24ms – 6ms (MAC processing delay) = 18ms 

	Switch off SeNB
	Network coordination time (inter-eNB) + RRC message processing time
	50 +15=65ms


Time before a UE with dual connectivity capability can use a just turned on small cell as SeNB, using SeNB activation/deactivation procedure, upon receiving measurement report from the (i.e. detection and measurement delay excluded) is given in Table 3. Non-ideal backhaul is assumed.
Table 3: Latency for dual connectivity procedure – SeNB activation/deactivation procedure
	Cases
	Latency components
	Total latency

	Switch on new SeNB
	Network coordination time (inter-eNB) + RRC message processing time + RF preparation time + UL initiated RACH procedure
	50 + 15 + 18 + 14.5 =97.5ms

	Switch on existing SeNB
	Network coordination time (inter-eNB) + MAC activation delay + UL initiated RACH procedure


	50 + 24 + 14.5 =88.5ms

	Switch off SeNB
	MAC deactivation delay (from SeNB)
	8ms


Assuming DS periodicity of 20ms, time before a UE with dual connectivity capability can use a just turned on small cell as SeNB, upon receiving measurement report from the UE (i.e. detection and measurement delay excluded) is given in Table 4. Non-ideal backhaul is assumed.
Table 4: Latency for dual connectivity procedure – L1 procedure
	Cases
	Latency components
	Total latency

	Switch on new SeNB / existing SeNB
	Averaging waiting time for DS + UL initiated RACH procedure
	10 + 14.5 = 24.5ms

	Switch off SeNB
	Averaging waiting time for DS
	10ms


It is observed from the tables that transition time based on RRC or MAC procedure is significantly higher for dual connectivity scenario compared to the Rel-10 CA scenario mainly due to the backhaul delay as signalling needs to come from e.g. the MeNB. On the other hand, L1 on/off procedure has the potential to significantly reduce the transition time for dual connectivity by enabling the SeNB to handle on/off procedure on its own. We propose that SeNB addition/removal, SeNB activation/deactivation and L1 on/off procedure should be further studied before making a decision on which small cell on/off procedure should be supported for Rel-12 dual connectivity.
Observations

· Transition time based on RRC or MAC procedure is significantly higher for dual connectivity scenario compared to the Rel-10 CA scenario mainly due to the difference in backhaul delay.

· L1 on/off procedure has the potential to significantly reduce the transition time by avoiding signaling over non-ideal backhaul.
Proposal

· SeNB addition/removal, SeNB activation/deactivation and L1 on/off procedure should be further studied for operating small cell on/off with dual connectivity.
3 Conclusions
In this contribution, we discussed the possible small cell on/off scenarios, procedures and compare the latency of different procedures. 

Observations
· The handover based small cell on/off is applicable for mobility, load balancing and load aggregation
· The CA based small cell on/off can be applied based on packet arrival and completion
· Dual connectivity based small cell on/off procedures include:
· SeNB addition/release procedure

· SeNB activation/deactivation procedure

· L1 on/off signalling procedure (e.g. DS based) 
· Transition time based on RRC or MAC procedure is significantly higher for dual connectivity scenario compared to the Rel-10 CA scenario mainly due to the difference in backhaul delay.

· L1 on/off procedure has the potential to significantly reduce the transition time by avoiding signaling over non-ideal backhaul.

Proposals
· For handover scenario:
· Discovery signal is to be transmitted from small cell to support cell detection and RRM measurement for off cells
· Off cell can change to on by the current cell activation procedure based on UE measurement report for discovery signal

· On cell can change to off autonomously

· For CA scenario:
· Discovery signal is to be transmitted from the small cell to support cell detection and RRM measurement for SCells.

· On cell changes to off by SCell deactivation

· Off cell changes to on by SCell activation
· For dual connectivity scenario:
· Discovery signal is to be transmitted from the small cell to support cell detection and RRM measurement for SeNBs.
· SeNB addition/removal, SeNB activation/deactivation and L1 on/off procedure should be further studied for operating small cell on/off with dual connectivity.
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