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1.
Introduction
The Activation/Deactivation functionality is used for the UE with CA, i.e. the UE configured with one or more SCells. In the context of SCE, the UE with dual connectivity can be seen as configured with multiple cells, and the Activation/Deactivation functionality may also be used for the UE with dual connectivity. However, the dual connectivity UE is different from the CA UE in that macro cell and small cell are managed by different eNBs and they are connected via non-ideal backhaul. This paper discusses whether the Activation/Deactivation functionality used in CA can be used for the UE with dual connectivity.
2.
Activation of Small Cell
The small cell needs to be activated when DL data or UL data occurs in the SeNB or the UE, respectively.

For the DL data arrival case, there is long delay in activating the deactivated small cell. Since the small cell is deactivated, the SeNB cannot send activation command to the UE directly. Therefore, the SeNB has to send the activation command to the MeNB, and the MeNB relays the received activation command to the UE. When the UE receives a small cell activation command from the MeNB, the UE shall send the HARQ feedback of the activation command to the MeNB, and then activate the small cell. The MeNB forwards the received feedback to the SeNB. Only after this whole procedure, the SeNB can be sure that the small cell is activated in the UE, and can perform the DL transmission (potentially after RA procedure). An example of activation procedure at DL data arrival is shown in Figure 1.
In this procedure, the additional delay compared to CA case is approximately two times of the backhaul delay, which comes from backhaul transmission of activation/deactivation command (step 1) and the feedback (step 4).

Observation 1. For small cell activation at DL data arrival, additional delay compared to CA case is two times of the backhaul delay.
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Figure 1. Delay in small cell activation at DL data arrival
For UP architectures 2 and 3 series where the MeNB is aware of the amount of data transmitted by the SeNB, the delay can be reduced with smart MeNB implementation, for example, the MeNB sends small cell Activation Command to the UE when the data that will be transmitted by the SeNB appears in the MeNB (in routing entity or PDCP SDU buffer or RLC SDU buffer). Then, the step 1 in Figure 1 can be skipped, and the additional delay can be reduced to one backhaul delay, as shown in Figure 2. But this smart implementation cannot be used for UP architecture 1 series because the MeNB is not aware of the data transmitted by the SeNB.

Observation 2. For UP architectures 2 and 3 series, additional delay for small cell activation at DL data arrival can be reduced to one backhaul delay with smart eNB implementation.
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Figure 2. Reduced delay in small cell activation at DL data arrival for 2A/2C/3C/3D
For UL data arrival case, delay problem is more severe than DL data arrival case. Looking at Figure 3, additional delay compared to CA case is three times of backhaul delay, which comes from backhaul transmission of BSR information (step 2), Activation Command (step 3), and feedback of Activation Command (step 6).
Observation 3. For small cell activation at UL data arrival, additional delay compared to CA case is three times of the backhaul delay.

[image: image3.emf]MeNB SeNB

UE

1. BSR

5. ACT ACK

6. ACT ACK

5. PDCCH

UL data 

transmitted 

to the SeNB

-PDCP SDU buffer (2A/2C/3C) 

-RLC SDU buffer (3D)

4. ACT CMD

2. BSR

3. ACT CMD


Figure 3. Delay in small cell activation at UL data arrival
The delay in small cell activation at UL data arrival can also be reduced with smart eNB implementation. That is, when the MeNB receives a BSR from the UE, the MeNB activates the small cell without confirmation from the SeNB. After receiving the feedback for Activation Command from the UE, the MeNB forwards the feedback to the SeNB. Then, the SeNB knows that the small cell is activated, and can allocate UL grant. With this procedure, the additional delay compared to CA case can be reduced to one backhaul delay, as shown in Figure 4.
Observation 4. Additional delay for small cell activation at UL data arrival can be reduced to one backhaul delay with smart eNB implementation.
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Figure 4. Reduced delay in small cell activation at UL data arrival
As explained above, there is additional delay in small cell activation at least for one backhaul delay compared to the CA case. In addition to that, there is another issue of de-synchronized Activation status. 
It is likely that the UE activates the small cell earlier than the SeNB, as the feedback of activation should be forwarded from the MeNB to the SeNB. In this case, the UE would send to the SeNB the SRS/CSI/PHR if the UE is in-sync or the random access preamble if the UE is out-of-sync. Until the small cell is activated in the SeNB, this UL transmission is ignored just increasing the UL interference. 

Moreover, the de-synchronization is also caused by the sCellDeactivationTimer. The UE starts the timer when it receives an Activation Command. However, the SeNB does not know the exact time of the UE’s reception of the Activation Command. Thus, it is very likely that the implicit deactivation time of the small cell will be different between the SeNB and the UE. To overcome this problem, the SeNB may need to send an Activation Command to reactivate the small cell after the small cell is activated.
Observation 5. The activation/deactivation status of the small cell may be desynchronized between the SeNB and the UE at small cell activation. 

3.
Deactivation of Small Cell

The deactivation procedure is simple compared to the activation procedure. Since the small cell is activated, the SeNB can send the Deactivation Command to the UE at any time. Once the SeNB receives the feedback for the Deactivation Command from the UE, the SeNB may need to inform the UE status to the MeNB to synchronize the UE status between the MeNB and the SeNB. 
It is also possible for the MeNB to send the small cell Deactivation Command to the UE. In this case, however, there is a delay in forwarding feedback of Deactivation Command from the MeNB to the SeNB, so the activation/deactivation status would be de-synchronized between the UE and the SeNB.
Observation 6. The deactivation of the small cell is easily achieved by direct transmission of the Deactivation Command from the SeNB to the UE.

4.
Conclusion

In this paper, we have analyzed activation and deactivation procedures of the small cell, and found following observations.
Observation 1. For small cell activation at DL data arrival, additional delay compared to CA case is two times of the backhaul delay.

Observation 2. For UP architectures 2 and 3 series, additional delay for small cell activation at DL data arrival can be reduced to one backhaul delay with smart eNB implementation.
Observation 3. For small cell activation at UL data arrival, additional delay compared to CA case is three times of the backhaul delay.
Observation 4. Additional delay for small cell activation at UL data arrival can be reduced to one backhaul delay with smart eNB implementation.
Observation 5. The activation/deactivation status of the small cell may be desynchronized between the SeNB and the UE at small cell activation. 
Observation 6. The deactivation of the small cell is easily achieved by direct transmission of the Deactivation Command from the SeNB to the UE.

Although there is no issue in deactivating the small cell, we think there are many issues in activating the small cell. There is at least one backhaul delay (up to three backhaul delay) in activating the small cell, which is not suitable for fast varying traffic. Also, there is a risk that the activation/deactivation status is de-synchronized between the SeNB and the UE, which may lead to increase of UL interference. Moreover, if the UE uses DRX per eNB, there should be no power saving issue even without the activation/deactivation.
Therefore, we propose that activation/deactivation functionality is not used for small cell.
Proposal: Activation/Deactivation functionality is not used for Small Cell.
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