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1
Introduction
In CA enhancements work item (RP-150277) support for more than 5 component carriers (CC) is being specified. In this contribution we discuss the impacts on MAC spec. At least activation/deactivation MAC CE and power headroom report (PHR) MAC CE are affected.
2
Activation/deactivation MAC CE
In order to activate/deactivate more than 7 SCells, a new activation/deactivation MAC CE format is needed. A straight forward solution is to specify a new MAC CE (new LCID) to activate/deactivate more than 7 SCells. Since the most likely extension of the component carriers will be up to 16 CCs, it makes sense to have a MAC CEs optimised for: 1) up to 8 CCs (current legacy), 2) up to 16 CCs and 3) up to 32 CCs. There are at least four alternatives:

1)
A fixed size four byte MAC CE
-
advantages: only one new LCID needed, simple
-
disadvantages: wastes resources especially when up to 16 CCs are configured

2)
Two new LCIDs: for a fixed size MAC CE of two bytes and for a fixed size MAC CE of four bytes

-
advantages: optimal for up to 16 CCs

-
disadvantages: requires two new LCIDs

3)
A variable size MAC CE having length of two, three or four bytes
-
advantages: adapts to any size, only one new LCID needed
-
disadvantage: requires length field

4)
A configurable fixed size MAC CE, where the size of the MAC CE is either configured explicitly or implicitly (follows the configuration of SCells)

-
advantages: optimal size, adapts to any size, no length field required, only one new LCID is needed (or even current LCID could be reused)

-
disadvantages: slightly more RRC signalling and slightly more complex implementation
Based on the brief analysis above, the fourth alternative of a configurable fixed size MAC CE looks most promising.

Proposal 1: Specify a configurable fixed size MAC CE (reuse old LCID or define one new) for activation/deactivation of SCells for CA enhancement of more than 5 component carriers.

3
PHR MAC CE
The Extended Power headroom Report MAC CE is a variable length MAC CE and as such can accommodate power headroom (PH) of even more than five component carriers. However, the first byte that indicates for which SCells the PH is being reported, needs some updates. Similar to activation/deactivation MAC CE, the first byte could be extended and the number of bytes used could be configurable.
However, since PH is reported only for SCells with configured uplink and since it is very unlikely to have more than 8 SCells configured with uplink, one byte to indicate which SCells are being reported, should be more than enough to cover almost every use case imaginable. There are at least two alternatives to achieve this:
1)
Configure the mapping between Ci field and SCellIndex of SCells with configured uplink;
-
advantages: any SCellIndex can be used for SCells with configured uplink
-
disadvantages: new RRC signalling, changes to MAC spec

2)
Rely on network implementation: SCells with configured uplink are always given SCellIndex of 1..7

-
advantages: no spec changes, Extended PHR can be reused

-
disadvantages: sets some limitations on SCellIndex for SCells with configured uplink

Both alternatives are viable but the latter is simpler from specification point of view since no spec changes are needed. With this assumption, Extended PHR can be reused as such for more than five CCs.
Observation: Extended PHR can be reused for more than 5 CCs when there are up 7 SCells with configured uplink. UE then only reports PH for SCells with configured uplink having SCellIndex of 1..7.
Anyway it seems that RAN1 is working to support more than 8 ULs and although support for so many ULs is unlikely it might be better for completeness also in RAN2 to support those scenarios. Additionally a new PHR format is needed since the existing PHR formats do not support dual PUCCH. Additionally similarly to activation/deactivation MAC CE proposals earlier in this paper, the length of Ci fields is proposed to be configurable, either explicitly or implicitly. 
Proposal 2: Specify new PHR format for more than 7 SCells configured with uplink.
Proposal 3: The new PHR format should have a configurable length for the Ci’s fields (1, 2, 3 or 4 octets).

The new PHR format should also support dual PUCCH and, therefore, separate new PHR format is not needed for dual PUCCH.

Proposal 4: The new PHR format should support dual PUCCH, i.e., two Type 2 PHs, when dual PUCCH is configured.
4
Conclusions
We have discussed the impacts of more than 5 CCs on MAC spec and propose the following:
Proposal 1: Specify a configurable fixed size MAC CE for activation/deactivation of SCells for CA enhancement of more than 5 component carriers.

Observation: Extended PHR can be reused for more than 5 CCs when there are up 7 SCells with configured uplink. UE then only reports PH for SCells with configured uplink having SCellIndex of 1..7.

Proposal 2: Specify new PHR format for more than 7 SCells configured with uplink.

Proposal 3: The new PHR format should have a configurable length for the Ci’s fields (1, 2, 3 or 4 octets).

The new PHR format should also support dual PUCCH and, therefore, separate new PHR format is not needed for dual PUCCH.

Proposal 4: The new PHR format should support dual PUCCH, i.e., two Type 2 PHs, when dual PUCCH is configured.
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