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1. Introduction
The Work Item “LTE Carrier Aggregation Enhancement beyond 5 Carriers” is being specified to support CA with up to 32 CCs. In this contribution, we discuss some potential impacts on MAC Control Elements (CEs) to achieve this design target. We discuss the need to extend TAG numbers and TAG MAC CE in our companion paper [1]. 
2. Discussion
2.1 Activation/Deactivation MAC CE
Currently, Activation/Deactivation MAC CE format can be used to activate/deactivate up to 7 SCells. For CA with up to 32 CCs, the existing MAC CE becomes insufficient. 
There are several possible options for solving this problem: 

· Alt.1: Extending the current CC-specific MAC CE to a fixed four byte MAC CE, as illustrated in FIG.1. Legacy LCID can be reused assuming the number of CCs configured for a UE is exactly known by the eNB and the new MAC CE is used only when the CCs number exceeds 8.  
· Alt.2: Defining a new MAC CE with variable size of two, three or four octets. 
Several ways can be considered for MAC CE size determination. The exact size of variable-sized MAC CE can be implicitly derived based on the number of configured CCs. Alternatively, it can be explicitly configured by RRC or indicated by a length field in MAC header.   
· Alt.3: The configured set of serving cells are first grouped into multi-CGs each assigning with a CG index. To reuse the current MAC CE format, it limits maximum number of allowed CGs to up to 8 so that each C-i field indicates the activation/deactivation status of all the SCells within this CG, as illustrated in FIG.1. 
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Figure 1: Activation/Deactivation MAC control element for up to 32 CCs of Alt.1 (left) and Alt.3 (right)

· Alt.4: All CCs is divided into multi-CGs. Each CG is identified with a unique CG ID.A distinction from Alt.3 is that existing Activation/ Deactivation MAC CE is used within each CG to independently activate/deactivate CCs per CC, as in Rel-12 DC. The disadvantage of this option is that it needs to carry CG ID information to UE by either MAC CE content or MAC CE subheader to identify the addressed CG. In first option, CC numbers within a CG would be limited since a number of bits within the single octet are reserved in order to indicate the CG ID. 
It is noted that all new schemes can reuse the existing LCID – that is no new LCID is needed. Table 1 briefly summarizes the different properties of these proposals.

Table 1: A summary of potential alternatives
	
	Size/Bytes
	Activation/Deactivation Granularity
	Comments

	Alt.1
	Fixed/4
	Per CC
	Least resource efficiency when only a small number of CCs are configured. 

	Alt.2
	Varied/2,3 or 4
	Per CC
	Size could be either configured by RRC, or determined according to configured CCs number, or indicated by length field in MAC header

	Alt.3
	Fixed/1
	Per CG
	Activation/deactivation for CCs is performed in a CG-based manner. 

	Alt.4
	Fixed/1 per CG
	Per CC
	May required to transmit multiple MAC CEs with individual subheader in one TTI e.g. for the cases when more than 8 CCs need to be activated. 


Alt.1 is the simplest solution while it is considered as less desirable from resource efficiency perspective. Alt.2 can be seen as an optimization of Alt.1 in terms of reduced signaling overhead since the size of resulting MAC CE is varied adapting to the addressed CC numbers. Alt.4 is less advantage compared to Alt.2 as it would result in a larger signaling overhead in some cases (e.g. to activate more than 8 CCs) due to each CG would require a separate 8-bit MAC header. Comparing the Alt.2 and Alt.3, Alt.3 has a better spectrum efficiency. On the other hand, Alt.3 has a potential drawback that it cannot allow eNB to activate or deactivate CCs on a CC basis. The design choice between Alt.2 and Alt.3 is essentially a tradeoff between efficiency vs. signaling overhead. Considering some additional standardization efforts is required by Alt.3 to form cell groups as well as to specify PHR MAC CE for CG-based PHR report, we slightly prefer Alt.2 to support activation/deactivation for up to 32 CCs.
Proposal 1: One new MAC CE with a configurable size (i.e. 2, 3 or 4 octets) is supported for Activation/Deactivation MAC CE.
2.2 Power Headroom Report 

In current LTE CA, extended PHR MAC CE has a variable size to support PH payload for up to 7 SCells. The Ci field in the first octet is used to indicate the presence of a PH field for one particular SCell. For CA with up to 32 CCs, the Ci field in PHR MAC CE needs to be extended correspondingly to accommodate the increased CCs. One simple and efficient way is to make the size of Ci field configurable to adapt to the configured CC numbers to minimize signaling overhead.   
One potential issue regarding the PHR MAC CE for 32 CCs, the number of configured CCs may not be the same as the number of uplink CCs. If the Ci field size is determined based on the number of CCs, it may not be so efficient when the subset of configured CCs has uplink. As an extreme case, when 32 CCs with SCell #1 to #31 are configured, uplink SCell may be only SCell #1 and #31. In this case, if serving cell index is directly mapped to Ci, 4 octets are required to indicate PHR of two uplink SCells. It could be addressed by eNB implementation by assigning SCells with configured uplink from SCell index #1 in an increasing order and configuring DL only SCells later. Alternatively, the size of the bitmap to indicate the presence of the PH field depends on the number of CCs configured with uplink, instead of configured CCs numbers and the serving cell index can be separately configured for uplink SCell for PHR MAC CE purpose. 

Proposal 2: RAN2 to discuss whether and how to optimize the design of Ci field indicating the presence of a PH field for a SCell
Another question related to PHR MAC CE is the number of Type 2 PHR depending on number of SCell containing PUCCH, which is being discussed in RAN1. The details of new PHR MAC CE format can wait for inputs from RAN1 on the number of PUCCH SCell. 
3. Conclusion
In this contribution, we have discussed the potential impact on MAC CEs. Our views are summarized in the following proposals:

Proposal 1: One new MAC CE with a configurable size (i.e. 2, 3 or 4 octets) is supported for Activation/Deactivation MAC CE.
Proposal 2: RAN2 to discuss whether and how to optimize the design of Ci field indicating the presence of a PH field for a SCell
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