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1 Introduction

In [1] we provide a draft CR showing how the Stage-2 agreements for Carrier Aggregation can be implemented in the MAC specification [2]. As can be seen in that document, the agreements do not require any fundamental changes to existing specification text and only a few new sub-sections are required (e.g. for Activation/Deactivation). 
In section 2 of this document we provide some background information to the proposed changes made in [1]. In section 3 we list further expected modifications once the corresponding decisions in RAN2 have been taken. Also for the latter we come to the conclusion that no fundamental changes or additions are to be expected.
2 Implementation of RAN2 agreements
2.1 Section 3.1 – Definitions

It has been decided early that each Serving Cell should be represented by an individual HARQ entity and that each such HARQ entity should operate independently according to Rel-8/9 procedures. Realizing this agreement in the MAC specification turns out to be simple due to the fact that it is up to L1 to determine the Serving Cell to which the received uplink grant or downlink assignment applies. It does that based on the CIF or, if that is not present, based on the UL/DL linking configured by RRC. 
In Rel-8/9 L1 provides MAC with the HARQ information which comprises information obtained from the downlink control information (PDCCH) such as e.g. the HARQ Process ID. In order to minimize the changes throughout the MAC specification and in particular in sections 5.3 (DL-SCH data transfer) and 5.4 (UL-SCH data transfer) we propose to extend the definition of the HARQ information to comprise also the “HARQ entity”: 

HARQ information: HARQ information consists of New Data Indicator (NDI), Transport Block (TB) size and, if Carrier Aggregation is configured, the HARQ entity. For DL-SCH transmissions the HARQ information also includes HARQ process ID. For UL-SCH transmission the HARQ info also includes Redundancy Version (RV). In case of spatial multiplexing on DL-SCH the HARQ information comprises a set of NDI and TB size for each transport block.
An actual UE implementation may in fact provide an artificial HARQ Entity ID, a CIF value or a Cell Index from L1 to MAC but we think that such level of detail does not need to be captured in the MAC specification. As can be seen in [1] the changes in subsequent section of the MAC specification can be reduced to a minimum by making the “HARQ entity” part of the “HARQ information”.
2.2 Section 4.2 – MAC Architecture

In this section of the MAC specification we suggest to clarify that a UE configured for carrier aggregation may have multiple Downlink and Uplink Shared Channels. RAN2 has not explicitly decided this but to us it appears as a clean interface to L1. We propose changing figure 4.2.1-1 (MAC structure overview, UE side) and to add the following note. 
NOTE: 
In case of Carrier Aggregation there may be multiple DL-SCH and UL-SCH per UE; one DL-SCH per Serving Cell, one UL-SCH for the PCell and zero or one UL-SCH for each SCell.
2.3 Section 5.2 – Random Access procedure
RAN2 agreed that Random Access is limited to the PCell. In [1] we propose to realize this agreement by adding a note in section 5.1.1:

NOTE:
If Carrier Aggregation is configured, the UE is provided with RA parameters for the PCell only. Consequently, RA on SCells is not supported.
In the following sub-sections describing the Random Access procedure we suggest to clarify e.g. that the Random Access Response is to be expected on the PCell and that the UL grant for Msg3 is to be used on the UL PCell. 
2.4 Section 5.3 – DL-SCH data transfer
With the assumption that the HARQ information comprises the HARQ entity only minor changes are required in this section. 
For example, it should be verified in the pseudo code in section 5.4.1 that a received SPS grant does not point to an SCell. If it does it should be ignored. 

In sub-section 5.3.2.1 one should indicate that there “is one HARQ entity per Serving Cell (there may be multiple if Carrier Aggregation is configured) at the UE …”. 
2.5 Section 5.4 – UL-SCH data transfer

Similar to section 5.3, only minor changes are required for the UL-SCH data transfer. 
2.6 Section 5.13 – Activation/Deactivation of SCells

We suggest adding a new sub-section describing the Activtion/Deactivation functionality defining what a UE is expected/allowed not to do while an SCell is deactivated. This is similar to section 5.7 (DRX) where the MAC specification defines what a UE is supposed to do while (not) in Active Time.

Correspondingly, a new sub-section defining the Activation/Deactivation MAC CE must be added in section 6.1.3.
Note that the Stage-2 specification of the Activation/Deactivation feature is not yet complete. Therefore, more changes are expected to come.

3 Further expected changes

3.1 General – PCell vs. Serving Cell

It has been proposed in [3] to rename PCell as Serving Cell according to Rel-8/9 terminology. If RAN2 agrees to this change, some changes are required in [1]. 
3.2 Section 5.1.5 – Contention Resolution

Depending on the outcome of pending RAN2 decisions we either need to clarify that Contention Resolution may occur also on SCells or that only grants/assignments on the PCell resolve contention. In either way, we don’t regard this as a big change.
3.3 Section 5.2 – Maintenance of Uplink Time Alignment
In this section and in 5.4.4 (Scheduling Request) it is defined that PUCCH/SRS resources are to be released when the UE losses time alignment or when it exceeds the maximum number of D-SR attempts. This will in principle apply also for carrier aggregation but, depending on RAN1 decisions, the PUCCH resources for PUCCH ACK/NACK may be configured by RRC. In that case it needs to be decided whether the UE must release them according to Rel-8/9 rules or if it may maintain them. In case of the latter, these sections would need to be modified accordingly. 
3.4 Section 5.4.5 – Buffer Status Reporting
RAN2 has decided to introduce new BSR table(s) to allow the eNB to schedule the UE at the bitrate provided by lower layers while minimizing padding overhead. However, neither the format of the new tables nor the conditions for using them have been agreed. 
If the MAC layer decides autonomously, e.g. based on the number of bytes in its buffers, which BSR table to use, we foresee some modifications in section 5.4.5. If the applicable table is configured by RRC, the impact will be marginal if any at all. 
In any way, changes to section 6.1.3.1 (Buffer Status Report MAC Control Elements) will be needed. 

3.5 Section 5.4.6 – Power Headroom Reporting

RAN2 is currently discussing how and when to provide power headroom reports to the network. L1 will provide individual PHR values for each component carrier. Furthermore, a PHR for taking into account PUSCH and PUCCH is needed. The conditions for when to send which report and whether or not to support multiplexing are expected to be taken soon in RAN2.  
Accordingly, changes in section 5.4.6 and potentially also in 6.1.3.6 (Power Headroom MAC Control Element) will be needed.
3.6 Section 5.7 – Discontinuous Reception (DRX)
According to the current RAN2 agreements (per-UE DRX) this section does not require any changes if RAN2 agrees that the SFN and the subframe numbers are always aligned among component carriers. If this is not the case, a clarification is needed (e.g. use always the SFN / subframe number of the PCell).
If RAN2 would agree to apply per-CC DRX, quite significant changes would be required. 

3.7 Section 5.13 – Activation/Deactivation of SCells

As said in section 2.6 several decisions are still pending and modifications of this section and related sections are to be expected.
4 Conclusion

As can be seen from sections 2 and 3 as well as in [1], Carrier Aggregation can be realized with moderate changes to the MAC specification.
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