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1
Introduction

This document proposes the MAC architecture for E-UTRA/UTRAN. Section 2 describes the overview of the MAC architecture and relationship of the relevant functions. Section 3 summarises the features of the MAC architecture for E-UTRA/UTRAN and presents our proposal. 
2
Discussion

Figure1 shows the E-UTRA MAC architecture. There is only one MAC entity named eMAC in a cell. The reason is as follows. Transmission scheduling and radio resource allocation of all logical channels should be handled by a respective scheduling entity for both uplink (UL) and downlink (DL). In addition to this, both UL and DL scheduling should be handled by a single eMAC entity in order for the interworking of eMAC functions between UL and DL.



Fig.1 eMAC architecture

Overview of the eMAC architecture and relationship of the relevant functions are described in the following subsections. Note that some issues regarding to E-UTRA/UTRAN architecture (e.g. termination point of upper ARQ, mapping between logical channels and transport channels, etc.) are still open. So the eMAC architecture presented in this document are based on our preference as of now [1][2][3].
2.1
eMAC architecture overview

This subsection describes the overview of the eMAC architecture. Figure 2(a) and 2(b) show the overview of the eMAC architecture and relations between high-level MAC functions for E-UTRAN side and UE side, respectively.
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Fig. 2(a) eMAC architecture overview of E-UTRAN
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Fig. 2(b) eMAC architecture overview of UE
The eMAC of E-UTRAN consists of several function blocks that are classified as transmission scheduling functions, per UE functions, eMBMS functions, eMAC control functions, and transport block generation. Meanwhile, the eMAC of UE consists of per UE functions, eMAC control functions, and transport block generation.
2.2
Transmission scheduling functions
This subsection discusses the major functionalities in transmission scheduling block. Figure 3 shows the transmission scheduling functions in detail. 



Transmission timing allocation of all transport channels is under control of the transmission scheduling entity. This means that the transmission timing of BCCH, PCCH and E-UTRA MBMS (eMBMS) channels are also assigned by the entity. Priority handling function manages the allocation of the transmission opportunity for multiple UEs by means of dynamic scheduling. Transmission timing is dynamically allocated to a UE based on the instantaneous channel quality, QoS requirements and so on. After the priority handling, appropriate transport format is selected for a scheduled UE depending on instantaneous channel condition. Then a transport block is generated by a transport block generation function and passed to corresponding transport channel. In the UL, scheduling information is notified to UEs via associated DL signalling.
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Fig. 3 Transmission scheduling functions
2.3
Per UE functions
This subsection discusses detailed description of functions per UE. In the E-UTRAN, both upper ARQ and HARQ protocol are terminated in eNodeB so that the tight the interaction between two ARQ layers is possible. By this interaction, further performance enhancement such as low latency recovery can be achieved easily. Figure 4(a) and 4(b) show the function blocks per UE in the transmitter side and receiver side, respectively. Note that the function for initial resource request is located only for UE side.
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Fig. 4(a) Per UE functions (transmitting side)
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Fig. 4(b) Per UE functions (receiving side)
These function blocks support the following functions:

· Transfer of user data supporting AM and UM
In our current definition, AM is a mode of data transfer where the upper ARQ is applied. Meanwhile, UM is a mode of data transfer where upper ARQ is not supported. Both AM and UM support HARQ and in-sequence delivery. Transparent mode (TM) is a mode of data transfer that needs no MAC header to send data and it is used only for system information broadcasting via BCCH and paging via PCCH. The naming of data transfer mode is tentative. It should be renamed for E-UTRA in order to tell the new modes and those in RLC apart.
-
Multiplexing/de-multiplexing of upper layer PDUs into/from transport block delivered to/from the physical channel on shared transport channel
-
Error correction (upper ARQ and hybrid ARQ)
-
Segmentation, concatenation of upper layer PDUs and padding (transmitter side)

-
SDU discard (transmitter side)

-
Reassembly of upper layer PDUs (receiver side)

-
Reordering / Sequence number check/ Duplicate detection / SDU discard (receiver side)

-
Priority handling between data flows of one UE (transmitter side)

-
Traffic volume measurement for resource request (transmitter side in UE)

-
Resource request (transmitter side in UE)
-
Access service class selection for resource request channel. (Only in UL)
Regarding the multiplexing of upper layer PDUs, multiplexing principle of logical channel into a single upper ARQ entity is described in the following subsection.

2.3.1
Logical channel multiplexing
Figure 5 shows logical channel multiplexing architecture for eMAC. Multiple logical channels with the same ARQ policy and transmission priority are multiplexed into single upper ARQ entity in order to reduce the number of upper ARQ entity in actual operation.
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Fig. 5 Logical channel multiplexing into an upper ARQ entity
In concrete terms, each logical channel has its own identifier and transmission priority that are assigned by the entity above eMAC where the flows of the IP packet or RRC signalling connection are classified into a single logical channel. For each logical channel, the association between logical channel identifier and ARQ policy defined by the combination of data transfer mode (AM/UM) and required SDU loss rate is also configured by a default configuration or predefined configuration, or by RRC signalling.
ARQ policy classification function classifies the logical channel flows that have logical channel attribute (set of logical channel identifier, ARQ policy, and priority of the logical channel) and multiplex those with the same ARQ policy and transmission priority into a single upper ARQ entity.

2.4
eMBMS functions
The eMBMS function block is applied for eMBMS transmission. Main functionality of this function block is identification of multicast/broadcast services on shared transport channel. The detail of this function block is FFS.

2.5
eMAC control functions 
The eMAC control functions provide methods for control of each eMAC functional entities. Main functionalities are as follows:

· Mapping between logical channels and transport channels
· Control of UE dormancy
· Control of UE grouping (FFS)
· Protocol error detection and recovery
· -
Allocation of cell specific UE identifier (RNTI)

· Generation / handling of control information for MAC signaling
· Support of lossless transmission during handover 
Note: The function for control of UE grouping is relevant to both eMBMS and SCCH for DL-SCH signaling overhead reduction.
2.6
Interworking of eMAC functions between UL and DL
This subsection discusses interworking of eMAC functions between UL and DL. The eMAC should support interworking of eMAC functions between UL and DL. Figure 6 shows examples of the interworking between UL and DL in the E-UTRAN side. One example is control of the transmission timing in downlink for the acknowledgement of the resource request received in UL. As described in [3], the eMAC acknowledges the request at a fixed timing after reception of the initial resource request, and provides an UL resource and a cell-specific user identifier similar to the RNTI. Therefore, it is necessary for eMAC functions in DL to consider wheather the resource request is received in UL. Another example is a piggyback of eMAC control message such as status report information of the upper ARQ onto eMAC PDU. The radio resources used for the channel allocation would be wasted due to the respective channel allocation for each data, if the function entities for UL and DL work independently. Therefore, it is necessary for the respective eMAC functions in UL and DL to take the status of the opposite radio link into account in order for the efficient radio resource utilisation.
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Fig. 6 Example of Interworking between UL and DL in E-UTRAN
3 Summary and proposal
In this document we have described the eMAC architecture and its functions. The main conclusions are as follows:
· There is only one MAC entity named eMAC in a cell.
· eMAC consists of several function blocks (transmission scheduling functions, per UE functions, eMBMS functions, eMAC control functions, transport block generation).
· Transmission timing allocation of all transport channels is assigned by the common transmission scheduling function.
· Both upper ARQ and HARQ protocol are terminated in the same eMAC entity in eNodeB so that the tight the interaction between two ARQ layers is possible.
· AM and UM are supported by setting upper ARQ and HARQ parameters appropriately.
· TM is applied for BCCH and PCCH.
· Multiple logical channels with the same ARQ policy and transmission priority are multiplexed into single upper ARQ entity in order to reduce the number of upper ARQ entity in actual operation.
· Interworking of eMAC functions between UL and DL is necessary.
We propose that the contents of chapter 2 are adopted in drafting the corresponding section to the RAN2 TR 25.813. 
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