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1
Introduction
The two links in the Small Cell Enhancement (SCE) require parallel reception and transmission via MeNB and SeNB. It would appear natural to have also two MAC entities, one for each eNB. However, only one MAC entity is used in carrier aggregation (CA) although parallel data transfer through several cells is supported, so the proper number of MAC entities in SCE is not obvious and a closed look is appropriate.
2
Discussion
We will briefly check the most important MAC features and assess the ease of standardization and implementation of each MAC feature in the presence of one or two MAC entities.

	MAC feature
	One MAC Entity
	Two MAC Entities

	Random access procedure
	Two separate sets of RA context are needed, in particular, if parallel RA procedures in MeNB and SeNB are supported.
	The RA procedures in MeNB and SeNB are mostly independent of each other although some mutual co-ordination may be needed, so the implementation with two MAC entities is natural.

	Maintenance of uplink time alignment
	The concept of the timing advance group (TAG) makes it easy also with one MAC entity.
	Straightforward as the uplink time alignment is independently handled in each eNB.

	DL assignment reception
	The assignments from MeNB and SeNB must be segregated and related variables and timers must be duplicated inside the single MAC entity.
	No changes are needed as the operation of each MAC has already been specified.

	HARQ operation
	A set of HARQ processes is associated with one cell and it does not matter whether it is in the same eNB (as in CA) or in a different eNB (as in SCE).
	Straightforward according to the current MAC specification.

	UL grant reception
	The grants from MeNB and SeNB must be segregated and related variables must be duplicated inside the single MAC entity.
	No changes are needed as the operation of each MAC has already been specified.

	Logical channel prioritization
	The variables Bj for each logical channel are common to MeNB and SeNB when bearers are split, so having them inside a single MAC entity is convenient.
	The variables Bj for each logical channel are common to MeNB and SeNB when bearers are split, so their implementation requires a shared piece of memory that is common to both MAC entities.

	Scheduling request (SR) and buffer status report (BSR) procedures
	Different SR and BSR are needed for MeNB and SeNB (according to the logical allocation), so handling both of them in one MAC entity must be specified.
	No changes are needed, because SR and BSR for each eNB have already been specificed.

	BSR contents
	New definitions are needed for UL bearer splitting.
	New definitions are needed for UL bearer splitting.

	Discontinuous reception (DRX)
	The DRX may be different for each eNB, so implementation of the DRX may be inconvenient with a single MAC entity.
	The implementation of the DRX independently for each eNB is easy and natural wuth two MAC entities.

	MAC reset
	It is FFS whether a need to carry out a reset of all variables and timers associated with SeNB would also mean resetting everything associated with MeNB.
	It is FFS whether a need to carry out a MAC reset in SeNB would also mean resetting everything in MeNB MAC.

	Semi-persistent scheduling (SPS)
	It is unlikely that both eNBs need to support SPS, so it is not a problem.
	Supporting SPS in both eNBs is straightforward.

	Error handling
	An error in either link would probably require resetting the whole MAC entity.
	It may be possible to handle errors separately in each MAC entity.

	Activation/deactivation of SCells
	Handling the SCells in CA is a MAC-to-MAC peer protocol, so it is unnatural that the protocols of the two MAC entities in the eNBs are terminated to the single UE MAC entity.
	The SCell handling separately for each eNB is natural and easy.

	Dual connection management
	It is not possible to handle both eNBs simultaneously as the eNBs are not necessarily synchronized with each other, so using a single MAC entity to serve the two unsynchronized eNBs is counterintuitive.
	Two MAC entities in the UE can work independently according to the timing of each eNB.


Table 1. Assessment of the MAC features with one and two MAC entities
There are clearly more reasons to have two MAC entities in the UE than to have just one. However, none of these reasons is very heavy and a good implementation could be based on either one or two MAC entities. The present legacy implementations of the UE architectures might be more significant than the factors manetioned above. Hence, the primary point of view in this subject should be standardization, i.e. which alternative causes less modifications to the MAC specification [2].
3
Conclusion
The analysis above clearly favors two MAC entities.
Proposal 1: The standard should be based on two MAC entities in the UE when dual connection is used in SCE.

Proposal 2: The standard should not mandate a specific number of MAC entities in the UE implementation.
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