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1
Introduction

The scope as well as the purpose of this contribution is to present a proposal of the MAC architecture for E-UTRAN in accordance with [1-2].

2
Proposal of MAC architecture for E-UTRAN

Figure 1 below depicts the MAC structure of the BS for DL, where:

-
Outer ARQ first MAC function;
-
One outer ARQ entity per logical channel;

-
Segmentation and possible resegmentation performed in outer ARQ entity;

-
Outer ARQ retransmissions either at SDU or PDU (segment) level;

-
Re-ordering done at outer ARQ based on SDU sequence number (SSN) and segment numbers;

-
Scheduling and priority handling controls segmentation, HARQ and TF selection based on QoS requirements, CQI reports as well as on HARQ ACK/NAKs;

-
One shared transport channel per UE;

-
One MAC PDU and one transport block per TTI (MAC PDU is defined as shown in Figure 3);

-
MAC controls HARQ transmissions/retransmissions and allocates HARQ processes. Soft combining and ACK/NAK signalling controlled by L1;
-
Buffering: SDU transmission buffers and retransmission buffers (SDUs or PDUs) at outer ARQ, HARQ retransmission buffers either at MAC or L1 (modelling issue);

-
No resegmentation for HARQ retransmissions;

-
MAC receives SDUs of each logical channel identified by a logical channel identifier (LCID) which belongs to a UE or a group of UEs identified by a unique C-RNTI;

-
Each LCID is associated with a particular radio link service profile (RLSP) [3]; and depending on that RLSP, L2 QoS support, such as L2 data transfer mode and scheduling, is performed for the given logical channel. MAC SDUs of a particular logical channel may need to be queued up at MAC, and in this case LCID uniquely identifies the corresponding priority queue as well. LCID-indicating field is a part of MAC PDUs. This means that one LCID field is included in the header of a MAC data PDU (D-PDU); and one or several control records dedicated to one or several LCIDs which can be included in a MAC control PDU (C-PDU). Each record has one LCID field and LCID-related control information.

-
The segmentation of MAC SDUs is performed in such a way so that unnecessary segmentation can be avoided. In a preferable implementation, the necessary segmentation is done adapted to the scheduled TB size for the next TTI so as to fill up the TB without using padding.
-
The concatenation of MAC C-PDUs and MAC D-PDUs from different logical channels can be performed per C-RNTI. This is also for filling up the TB without using padding. The basic data flow through MAC for SCH is illustrated in Figure 3. Note that RRC messages are also considered as user data to MAC and sent in MAC D-PDUs. The differentiation between PDCP PDU and RRC message is done by scheduling and priority handling.

-
The internal configuration of MAC is generally under the control of RRC. The control interface is omitted in the figure.

-
MAC C-PDUs are originated and terminated in MAC peer entities for MAC level peer-to-peer control signalling. C-PDU generation is omitted in the figure.
-
BCCH is considered virtually bypassing the MAC layer. This is supported by the transparent mode (TM) of the MAC layer. (Segmentation of RRC signal for BCCH needs to be supported by RRC itself if necessary.)

Layers above the MAC are assumed as follows:

· For user data, SDU sequence numbering done at PDCP and used for ciphering;
· For control data (RRC message), RRC does integrity protection and ciphering if necessary.
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Figure 1: E-MAC structure of BS for DL

Figure 2 presents the MAC structure of the UE in UL. The main functionality and basic data flows of the UE MAC for UL are the same as those of BS MAC for DL. The major difference is the use of RACH. For controlling RACH transmission such as access class selection and timing, RACH transmission controller is located just above the physical layer.　
Note that C-PDU generation and the internal control interface between RRC and MAC are omitted in this figure again. It is also assumed that C-PDU may be transmitted via either SCH or RACH. 
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Figure 2: MAC structure of UE for UL
In contrast to the notion of a MAC-d flow as a multiplexing of several logical channels coming from the RLC layer in UTRAN, no logical channel multiplexing is used in MAC above the priority queues. Outer ARQ, scheduling and priority handling are done for each logical channel. The reasons are as follows:

· QoS is supported for each logical channel separately by associating one RLSP, and it makes the MAC QoS mechanism simpler;

· The AM operation for a specific logical channel is preserved as in AM operation of RLC in UTRAN;

· Flexible QoS multiplexing of packet flows (IP flows) into a logical channel is allowed before entering MAC;

· Concatenation of D-PDUs from different logical channels after scheduling can achieve the same efficient TB construction with less complexity, as only SCH is used and not DCH in E-UTRAN.
3
MAC PDU structures

Figure 3 illustrates an example of the basic data flow through the MAC structures for one UE proposed above, where
· The segmentation of MAC SDUs, the PDU packing, and the concatenation of C-PDUs and D-PDUs are aimed for an optimum protocol overhead with simple and robust data structures. 
· This also aims to allow more important MAC PDUs from a SCH TB to be processed first at the receiver by placing C-PDUs and D-PDUs in the priority order of scheduled logical channels at the sender. (It is assumed that one single TB is allowed per a TTI for a scheduled UE as in HSDPA and HSUPA.)
· The set C-RNTI, LCID, and SSN identifies MAC SDU. C-RNTI is sent in PHY control channel, LCID is sent in MAC D-PDU header, and SSN is sent in MAC segment header.
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Figure 3: Basic data flow through MAC
4
Conclusions

The design of the above MAC architecture for E-UTRAN emphasizes both simplicity and efficiency for packet data transmissions over the new radio interface. This avoids complicated and redundant (multi-stage) multiplexing of logical channels and MAC data flows as in UTRAN by using efficient adaptive segmentation, packing and concatenating of the MAC SDUs into MAC PDU and MAC PDUs into TB for SCH based on scheduling decisions. This also allows for designing effective outer ARQ for a fast AM operation with minimum redundancy toward the HARQ, yet utilizing the local knowledge about the status of the HARQ process to manage the corresponding outer ARQ entity.

The proposed MAC architecture is simple, efficient and robust for E-UTRAN requirements. Therefore, we propose to include the MAC architecture described above in TR 25.813: Radio Interface Protocol Aspects.
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