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1.
Introduction
In this document, we propose MAC architecture for E-UTRA. MAC entity in E-UTRAN performs similar functionality of MAC-hs and MAC-e/es of UTRAN. But in this document, MAC entity also includes some functionality of RLC of UTRAN. In fact, MAC entity and RLC entities combined into one entity for better performance.
2.
Discussion
2.1
ENode-b Side Architecture
Following is proposed architecture for MAC entities of ENode-b. 
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Figure 1. MAC architecture of ENode-b
In the following sections, the role and function of each entity in Figure 1 is shown. One MAC-SH and one MAC-BP are established per cell.
2.1.1
Entities In MAC-SH

- TX Buffer: This is storage for MAC SDUs delivered from upper layer in CN. When one MAC SDU is delivered to Framing/Multiplexing entity, it is removed from TX Buffer. Timer can be used to prevent MAC SDUs from waiting too long in the TX Buffer due to higher priority data of other RBs [FFS]. When ENode-b relocation occurs, serving ENode-b transfer the remaining MAC SDUs to target ENode-b. This TX Buffer is established per UE and per RB. 
- Framing/Multiplexing: This entity composes MAC PDUs from MAC SDUs according to size and priority information from scheduler. One MAC PDU includes data from RBs indicated by scheduler and includes data from one UE. And TSN setting is also done in this entity. RBs with same QoS or same priority are multiplexed into single MAC-I (MAC internal) flow. This flow is matched with one RX buffer in the UE. The RBs which can be multiplexed together is configured by RRC. In one TTI, at most one MAC PDU is generated for one UE and several MAC PDUs are generated for several UEs. This Framing/Multiplexing entity is established per cell.
- TX-HARQ: This entity performs HARQ transmission as indicated by scheduler. When it is ordered to perform HARQ retransmission, the TX HARQ entity performs HARQ retransmission. When it is ordered to perform new HARQ transmission, it starts new HARQ operation using the new MAC PDU received from Framing/multiplexing entity. When one HARQ process start transmission for new MAC PDU, previous MAC PDU of that process is moved into re-TX Buffer. When scheduler request for TX-HARQ entity to perform transmission of MAC PDU in re-TX Buffer, TX-HARQ entity retrieve the MAC PDU from re-TX buffer and start transmission. In this case, by adjusting the allocated radio resource to support original MAC PDU size, the original MAC PDU is transmitted without sub-framing,[FFS] For one UE, several processes can be allocated to support high data rate.
- Re-TX Buffer: This buffer stores MAC PDUs which TX HARQ entity has performed HARQ transmission but ARQ acknowledge is not received for those MAC PDUs. Until ARQ Control entity receives indication of successful reception for a MAC PDU, the MAC PDU is stored in Re-TX Buffer. After ARQ acknowledgement from peer entity, the MAC PDUs are removed from this entity. When ENode-b relocation occurs, MAC PDU in TX HARQ entity and MAC PDU in this entity is forwarded to target ENode-b.[FFS] This entity is established per UE and per MAC-I flow.
- Rx-HARQ: This entity performs HARQ operation for the reception of uplink. Depending on the result of decoding, it generates ACK or NACK. How ACK/NACK is transmitted over physical channel is FFS. If a MAC PDU is decoded successfully, Rx-HARQ entity forwards the MAC PDU to Queue Distribution entity. Ack/Nack information is also delivered to scheduler entity.
- Buffer Distribution: This entity distributes the successfully decoded MAC PDUs to appropriate RX buffer. MAC PDU includes appropriate information such as TSN and MAC-I flow identity to assist distribution function. There is one to one match between RX buffer and MAC-I flow..
- RX Buffer: This is buffer for the received MAC PDUs. Until all the appropriate MAC PDUs for one MAC SDU are received, the MAC PDU stays in this buffer. When all the appropriate MAC PDUs are received for one MAC SDU and lower number MAC PDUs are processed, this MAC PDUs are delivered to UnFraming/DeMultiplexing entity. Because In-order sequence delivery is supported in this entity, this entity performs virtually re-ordering functionality. If this entity detects a missing MAC PDU, this information is delivered to ARQ Control entity. When ARQ status report is included in the MAC PDU, this information is delivered to ARQ Control entity. RX Buffer entity is established per UE and per MAC-I flow.
- UnFraming/DeMultiplexing : Using header information, MAC SDUs is reassembled from MAC PDUs. And the MAC SDUs are delivered to upper layers via appropriate RBs to CN. When several RBs are multiplexed in a MAC-I flow, the reassembled MAC SDU are forwarded to appropriate RB using field like C/T as in R99. This entity is established per UE and per MAC-I flow.
- ARQ Control: When there are detected missing MAC PDUs in RX buffer, ARQ control entity generates ARQ status report. And this information is delivered to Framing/multiplexing entity and included into MAC PDU. When ARQ status report is received from peer entity, ARQ Control entity notifies scheduler of MAC PDUs that should be retransmitted.
- Scheduler: This entity decides when to transmit what. Scheduler entity informs Framing/Multiplexing entity the size of new MAC PDU and the priority of RBs that should be included in the MAC PDU. The Scheduler informs TX-HARQ entity whether to perform new MAC PDU transmission or HARQ retransmission or ARQ retransmission as well as timing. Node-b scheduler decides the uplink/downlink resource allocation among the UEs and RBs. And this information is delivered to physical layer. UE Access Controller is notified its allocated uplink/downlink resource through scheduling information block through physical layer. This Scheduler entity is located in ENode-b.- 
2.1.2
Entities in MAC-BP

MAC-BP entity is used to deliver paging information and system information. It is FFS whether multiplexing and additional mechanisms are needed.
2.2
UE Side
Following is proposed architecture for MAC entities of UE.

[image: image2.wmf] 

D

L

-

S

CH

 

UL

-

PHY 

signalling

 

U

L

-

S

CH

 / RACH(FFS)

 

TX Buffer

 

TX Buffer

 

Framing

 

/Muxing

 

TX

-

HARQ

 

Sub

-

Framing 

Buffer

 

Access 

Controlle

r

 

(FFS)

 

RX Buffer

 

RX Buffer

 

RX

-

HARQ

 

UnFraming

 

/DeMuxing

 

 

Queue 

Distribution

 

UnFraming

 

/DeMuxing

 

 

ARQ Control

 

DL

-

PHY 

signalling

 

MAC

-

SH

 

DTCH/DCCH/CCCH

 

DTCH/DCCH/MTCH/MCCH

 

MAC

-

B/P

 

BCCH/PCCH

 

(FFS)

 

BCH/PCH(FFS)

 


Figure 2. MAC architecture of UE
In the following sections, the role and function of each entity in Figure 2 is shown. One MAC-SH and one MAC-BP are established in UE.
2.1.1
Entities in MAC-SH

- TX Buffer: This is storage for MAC SDUs delivered from upper layer in UE. When one MAC SDU is delivered to Framing/Multiplexing entity, it is removed from TX Buffer. Timer can be used to prevent MAC SDUs from waiting too long in the TX Buffer due to higher priority data of other RBs [FFS]. This TX Buffer is established per RB. 

- Framing/Multiplexing: This entity composes MAC PDUs from MAC SDUs according to size and priority information from Access Controller. One MAC PDU includes data from RBs indicated by scheduler. And TSN setting is also done in this entity. RBs with same QoS or same priority are multiplexed into single MAC-I (MAC internal) flow. This flow is matched with one RX buffer in the ENode-b. The RBs which can be multiplexed together is configured by RRC. In one TTI, at most one MAC PDU is generated. 
- TX-HARQ: This entity performs HARQ transmission as indicated by Access Controller. When it is ordered to perform HARQ retransmission, the TX HARQ entity performs HARQ retransmission. When it is ordered to perform new HARQ transmission, it starts new HARQ operation using the new MAC PDU received from Framing/multiplexing entity. When one HARQ process starts transmission for new MAC PDU, previous MAC PDU of that process is moved into SubFraming Buffer. When Access Controller requests for TX-HARQ entity to perform transmission of MAC PDU in SubFraming Buffer, TX-HARQ entity receive appropriate MAC SubPDU from SubFraming buffer and start transmission. Because of scheduled uplink resource and UE power limitation, the original MAC PDU may be divided into several MAC SubPDUs. In this case MAC SubPDU is transmitted instead of original MAC PDU. But same TSN is used. See details in [1]. Several processes can be used to support high data rate.
- SubFraming buffer: This buffer has similar functionality of Re-TX buffer of Node-b. But this buffer has additional functionality of re-framing of original MAC PDU. When the allocated resource is less than what is needed for the transmission of original MAC PDU, the original MAC PDU has to be divided into MAC SubPDU. Thus Re-framing buffer performs subframing of original MAC PDU. Until ARQ Control entity receives indication of successful reception for a MAC PDU, the MAC PDU is stored in SubFraming Buffer. After ARQ acknowledgement from peer entity, the MAC PDUs are removed from this entity. This entity is only in UE. This entity is established per MAC-I flow.
- Rx-HARQ: This entity performs HARQ operation for the reception of uplink. Depending on the result of decoding, it generates ACK or NACK. How ACK/NACK is transmitted over physical channel is FFS. If a MAC PDU is decoded successfully, Rx-HARQ entity forwards the MAC PDU to Queue Distribution entity. Ack/Nack information is also delivered to Access Control entity [FFS].
- Buffer Distribution: This entity distributes the successfully decoded MAC PDUs to appropriate RX buffer. MAC PDU includes appropriate information such as TSN and MAC-I flow identity to assist distribution function. There is one to one match between RX buffer and MAC-I flow..
- RX Buffer: This is buffer for the received MAC PDUs. Until all the appropriate MAC PDUs for one MAC SDU are received, the MAC PDU stays in this buffer. When all the appropriate MAC PDUs are received for one MAC SDU and lower number MAC PDUs are processed, this MAC PDUs are delivered to UnFraming/DeMultiplexing entity. Because In-order sequence delivery is supported in this entity, this entity performs virtually re-ordering functionality. If this entity detects a missing MAC PDU, this information is delivered to ARQ Control entity. When ARQ status report is included in the MAC PDU, this information is delivered to ARQ Control entity. RX Buffer entity is established per MAC-I flow.
- UnFraming/DeMultiplexing : Using header information, MAC SDUs is reassembled from MAC PDUs. And the MAC SDUs are delivered to upper layers via appropriate RBs. When several RBs are multiplexed in a MAC-I flow, the reassembled MAC SDU are forwarded to appropriate RB using field like C/T as in R99. This entity is established per UE and per MAC-I flow.
- ARQ Control: When missing MAC PDUs in RX buffer are detected, ARQ control entity generates ARQ status report. And this information is delivered to Framing/multiplexing entity and included into MAC PDU. When ARQ status report is received from peer entity, ARQ Control entity notifies Access Controller of MAC PDUs that should be retransmitted.
- Access Controller: This entity decides when to transmit what. Access Controller entity informs Framing/Multiplexing entity the size of new MAC PDU and the priority of RBs that should be included in the MAC PDU. The Access Controller informs TX-HARQ entity whether to perform new MAC PDU transmission or HARQ retransmission or ARQ retransmission as well as timing. Unlike Node-b scheduler, Access Controller do secondary scheduling, in other words, Access Controller in UE performs second scheduling using radio resource allocated by ENode-b. Accordingly, scheduler in ENode-b performs primary scheduling. Access Controller retrieves information about its scheduled resources from physical layer.
2.2.2
Entities in MAC-BP

MAC-BP entity delivers paging information and system information from physical layer to RRC. The detailed architecture is FFS
3.
Conclusion
· It is proposed to discuss MAC Architecture shown above, and include section 2 into LTE TR.
4.
Reference
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