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1 Introduction

In RAN#66 meeting, it is agreed to investigate the support of up to 32 CCs in the enhanced CA system. [1]. 
With the increase in the number of CCs to 32, there is a need to discuss how to extend the activation/deactivation MAC CE to accommodate for this increase in the number of SCells.

In this contribution, the activation/deactivation MAC CE to support up to 31 SCells are discussed. 
2 Discussion
The current Activation/Deactivation MAC Control Element has 7 Ci bit and one R bit which can support only at most 7 carriers. Even if the last R bit is used to indicate the status of SCell, one byte MAC CE can only support no more than 8 carriers. 
It is also agreed in RAN 1 that primary PUCCH group can be configured with up to 31 DL SCells so that non-UL CA UE can be supported. Hence it is not possible to reuse the per group mechanism as is used by DC (i.e. sending the activation/deactivation per PUCCH group).
Hence, in order to indicate the activation/deactivation status of up to 31 Scells, there is a need to define a new MAC CE.  
One simple way is to extend the bitmap from the current fix 1 byte to fix 4 bytes when a UE is configured with more than 8 SCells (i.e. the MAC CE includes a bitmap indicating the activation/deactivation status of 31 Scells and  1 R bit). For less than 8 SCells, the existing MAC CE for activation/deactivation can be used. Such simple scheme of extending the bitmap comes at the cost of wasting unnecessary bytes when the number of configured SCells are just more than 8 but less than 16 or 31. On the other hand, having a variable length MAC CE means that an extra 1 byte is needed to indicate the length field in the subheader normally. 

Alternatively, the length of the MAC CE can be implicitly indicated based on the number of configured SCells. For this alternative, there exists the issue of ambiguity when there is a reconfiguration of the number of SCells (particularly when the number of SCells goes from 8 to more than 8 etc.). But the network can detect when the new configuration is applied from the ACK/NACK of the reconfiguration and this issue can be solved.  If this still presents an issue, the 2 R-bits in the subheader can be used to indicate the length of activation/deactivation MAC CE (00 – existing MAC CE, 01 – 2bytes MAC CE, 10 – 3bytes MAC CE, 11 – 4bytes MAC CE)
Proposal 1: If the number of configured SCells is not more than 8, the existing activation/deactivation MAC CE format shall be used and the R-bit represents another configured SCells and represents C8.  If the number of configured SCells is more than 8 but not more than 16, an additional byte (on top of the byte of the existing MAC CE) is added to the MAC CE format. For more than 16 but not more than 24, 2-byte is added to the existing MAC CE. For more than 24, 3-byte is added to the existing MAC CE.

Proposal 2: The length of the MAC CE is implicitly indicated based on the configured number of SCells. 

Proposal 3: The same LCID can be reused for the activation/deactivation MAC CE.
In RAN 2#89, it was agreed that: “While PUCCH SCell is deactivated, the other SCells belonging to that PUCCH SCell should not be activated”. This means that when the PUCCH SCell is deactivated, the indications for the other SCells in same PUCCH group are not necessary. Only 1 bit for the PUCCH Scell is needed to  indicate the deactivation  of all the scells in the PUCCH group.
Observation: When the PUCCH SCell is deactivated, the indication for the other SCells in the same PUCCH group will not necessary.
If such optimisation based on the above observation is deemed worthwhile, the following are some options:
Option 1:  PUCCH SCell Ci is indicated first before all the SCells , the PUCCH SCell Ci can be in descending/ascending order based on the ServCellIndex , then follows by theSCells, The SCell Ci can also be in descending/ascending order based on the ServCellIndex .  Or the Scells Ci are group by group , in each group , the Scells Ci can be in descending/ascending order based on the ServCellIndex . If the PUCCH scell is deactivated, then the indication for the other scells in this PUCCH group will not occur. By this, only the 1 bit for the activation/deactivation status of PUCCH SCell is needed to indicate the status of all the scells in the PUCCH group. A new LCID is used to indicate the new activation /deactivation MAC CE. If there is only primary PUCCH group, then it is the same as Proposal 1.
Option 2: On top of Proposal 1,an additional activation /deactivation MAC CE for deactivating a PUCCH group is used. A bitmap can be used for indicating the deactivation status of each of the secondary PUCCH group. The order of the group can be in descending/ascending order based on the ServCellIndex of PUCCH SCell. Or the PSCell in the first bit, then follows other PUCCH group.  The LCID or the R bit in the MAC sub-header can be used to indicate this MAC CE.
Option 3: The activation /deactivation MAC CE is based on PUCCH group. The MAC CE format for each PUCCH group can be like Proposal 1 (i.e.use the variable length Ci bitmap for indicating the activation/deactivation of SCells per PUCCH group. . Multiple MAC CEs may need to be sent for multiple PUCCH groups in 1 TTI. The R bit in the MAC sub-header can be used to indicate PUCCH group.

We have a slight preference for Option 2 as it provides the cleanest way to indicate deactivation of the whole secondary PUCCH group 
Proposal 4: An additional deactivation MAC CE can be used for deactivating secondary PUCCH group.
3 Conclusion

It is recommended that RAN 2 discusses the following observation and proposal:
Proposal 1: If the number of configured SCells is not more than 8, the existing activation/deactivation MAC CE format shall be used and the R-bit represents another configured SCells and represents C8.  If the number of configured SCells is more than 8 but not more than 16, an additional byte (on top of the byte of the existing MAC CE) is added to the MAC CE format. For more than 16 but not more than 24, 2-byte is added to the existing MAC CE. For more than 24, 3-byte is added to the existing MAC CE.

Proposal 2: The length of the MAC CE is implicitly indicated based on the configured number of SCells. 

Proposal 3: The same LCID can be reused for the activation/deactivation MAC CE.
Observation: When the PUCCH SCell is deactivated, the indication for the other SCells in the same PUCCH group will not necessary.

If such optimisation based on the above observation is deemed worthwhile:
Proposal 4: An additional deactivation MAC CE can be used for deactivating secondary PUCCH group.
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