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Discussion 
1 Introduction

The SCell activation and deactivation was already discussed in Rel-10 carrier aggregation but it returns now on the table with different network architecture but similar issue we had at that time. Main reason we developed this procedure was to save power and reduce useless activity of UE about deactivated SCells. However, activation latency that has been known from realization of previous release makes us now consider it again.   In this contribution, we recall SCell activation and deactivation procedure for new inter-ENB CA architecture. 
2 Discussion
MAC activation and deactivation
In Rel-10 LTE system, an eNB can activate UE operation to SCell using MAC control element (CE). First, the eNB configures SCell to add by RRC messages and activates/deactivates according to situation. The MAC CE for activation/deactivation (A/D)  is shown as below:
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Fig. 1 MAC CE of SCell activation and deactivation

,where the Ci indicates SCell index, i, to be activated ( set by 1) or deactivated (set by 0). 
In inter-ENB CA, the MeNB and SeNB have above procedure same as Rel-10 when adding SCells via PCell of MCG and SCG. Also, the MeNB should follow the procedure to add PCell of the SCG, i.e., first time to add SeNB. Here the challenge is how correctly the MeNB and SeNB handle activation/deactivation (A/D) MAC CE for each SCell, and UE can understand it. For the A/D MAC CE format, we can separate region of MAC CE bitmap to indicate each SCell belonging to the SeNB and MeNB like in Fig. 1 if using a common MAC CE for both eNBs. For this, the MeNB should configure properly the SCell index by the RRC messages in advance. If the indicator for SeNB is shortage (e.g., 4 bits for 1 PCell and 4 SCells of SCG), then we can think about separate MAC CE for each cell group. 
We show three possible solutions:
1)  Solution 1: Xn based solution
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Fig. 2 Xn based solution procedure
As shown in the Fig. 2, the SeNB and MeNB  asks each other about the SCell status before it sends aforementioned common A/D MAC CE, which consists of possible SCells indication In the Fig.2, A/D MAC CE contains indication for activating SCell 1 and 3 and deactivating 2, where the SCell 3 can be PCell of SCG (i.e., SCell 3 and 4). Alternatively, the SeNB and MeNB reports SCell status to each other upon change. The main benefit is no impact on the UE and the UE does not need to distinguish from which eNB the MAC CE comes. However it requires control signaling overhead in Xn backhaul. Also, backhaul delay might be added to entire activation latency depending on situation.
2)  Solution 2: Cell Group specific handling approach
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Fig. 3 Cell Group specific handling approach
In this solution, the UE interprets A/D MAC CE based on from which Serving Cell it is received. As shown in the Fig. 3, the SeNB and MeNB send the A/D MAC CE separately with SCell A/D indication, where the A/D MAC CE is used as Fig. 1. The UE can activate or deactivate SCells that belongs to the eNB from which the UE receives A/D MAC CE. For this, the UE interprets bits only for the corresponding cell group (CG). As another alternative, both eNB can send separate A/D MAC CE for own CG instead of the common A/D MAC CE if UE can distinguish which eNB sends the A/D MAC CE. Thus, RRC can configure the SCell index independently for each CG. For example, if the RRC configures two SCells of MCG and SCG as ‘SCell 1’, then the UE activates/deactivate one of the ‘SCell 1’s of either MCG or SCG based on which eNB sent. This approach is simple and no impact on UE. If the UE cannot know eNB from which it receives the A/D MAC CE, a new A/D MAC CE can be introduced for SCG SCells as an alternative. But it requires specification change and UE modification. 
In summary:

·  Common MAC CE (Single format like in Fig. 1)
· SCells are still numbered by one SCell index

· When receiving an A/D MAC CE command, the UE looks at from which CG the command is received, and only uses the A/D bits for the SCells that are part of this CG

·  Separate MAC CE 

· The SCell’s are no longer index only by SCell index, but by (CG,Scell index)

· UE looks at the CG from which it is receiving an A/D MAC CE command, and considers the bits only to be applicable to cells from this CG

3)  Solution 3: Static configuration

This is simple approach that all SCells of SCG are kept as ‘Always Activated’. In detail, the SeNB shall activate SCG SCells as soon as they are configured. Or the cells can be autonomously activated after the configuration.  After then, they will never be deactivated. There is no UE impact as well.
Discussion

Proposed three solutions can be mainly categorized into two approaches; one is explicitly activating or deactivating SCells as in current specification, and the other is implicitly activation/deactivating using timers or certain rules. First 1 and 2 solutions are the first approach and solution 3 can be the later approach. There are pros and cons between those approaches. Explicit activation/deactivation can save power consumption of the UE as the UE can turn off transceiver blocks for SCells related activity. However, activation delay is known as 24 or 34 ms, which is not small value for dynamic scheduling. If the needs for offloading happen frequently, such explicit activation approach may degrade performance. In case of solution 3, appropriate DRX cycle can be applied effectively according to the traffic pattern in order to save power consumption. From this reason, solution 3 (i.e., SCG SCells are always ketp ‘activated state’) might be reasonable approach depending on schedulability. However, it could be inefficient as the number of activated SCells increases, which decreases opportunity to sleep anyway. 
<Table 1>

	
	Solution 1
	Solution 2
	Solution 3

	Pros
	· No impact to the UE design

· Common MAC CE
	· Less impact to the UE design
· Reuse current MAC CE format
	· No impact to the UE design
· No activation delay

	Cons
	· New MAC CE for 5 SCells of SCG
· Backhaul negotiation (Xn overhead)
· Activation delay
	· Able to manage SCell index separately according to eNB
· Have to distinguish MAC CE from different eNB

· Activation delay
	· Less power saving


Proposal 1: we have to consider more of each solution before deciding way forward
3 Conclusion
As we discuss in other user plane protocol issues, the cell group specific handling is reasonable approach in current specification. However, static configuration for SCells of SCG can be one of alternatives that can handle the activation latency efficiently. 
Proposal 1: we have to consider more of each solution before deciding way forward























































































































































































































































































Page 1

_1444132693.vsd
UE


SeNB (Scell 3,4)


MeNB (Scell 1,2)


Decide to activate Scell 3


Scell status query


Scell status (Scell 1 = A, Scell 2 = D)


A/D MAC CE [ b7~b0 =00001010]



_1444133245.vsd
UE


SeNB (Scell 3,4)


MeNB (Scell 1,2)


Decide to activate Scell 1


A/D MAC CE [ b7~b0 = xxxxx010]


RRCConnectionRecofiguration for SCell 1 & 2 addition (MCG indication)


RRCConnectionRecofiguration for SCell 3 & 4 addition (MCG indication)


A/D MAC CE received from MCG


Does not interpret bits for SCG


Decide to activate Scell 3


A/D MAC CE [ b7~b0 = 000001xxx]


A/D MAC CE received from SCG


Does not interpret bits for MCG



