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Introduction

As discussed in the previous Ad hoc meeting about LTE, simplifying and optimizing the protocol architecture is considered as an efficient way to reduce system complexity and latency in order to meet the LTE requirements [1]. Along with the reduced number and type of transport channels [2], MAC architecture can be simplified [3]. Thus MAC function should be modified and enhanced accordingly.
In this contribution, we firstly propose that which functions MAC layer may have in EUTRAN. Then some detailed discussions about some possible enhanced MAC functions are also provided. Finally, we outline some possible MAC functions implemented in EUTRAN as the conclusion. 
2
General consideration

In current release 6 protocols, HSDPA [4][5][6]and HSUPA [7] technologies are only used to handle packet services due to their high date rate. The technical objectives of HSUPA and HSDPA are to increase capacity and throughput and reduce delay. Since EUTRAN is required to support packet based services only, i.e. IP based services, we believe that the scheduling and handling mechanisms of HSDPA and HSUPA technologies are also needed in LTE. Therefore we can start our further study based on HSDPA&HSUPA technologies. 
2.1 MAC Functions
Expected MAC functions are summarized as follows. 

-
Mapping between logical channels and transport channels.

-
Multiplexing/demultiplexing of upper layer PDUs or segmented MAC SDUs into/from transport blocks (TB) delivered to/from the physical layer on transport channels.

-
Traffic volume measurement.

-
Priority handling between data flows of one UE.*
-
Priority handling between UEs by means of dynamic scheduling.*
-
Service access class selection (for RACH).
-    HARQ functionality

· Identification of UEs on uplink shared transport channels
· Flow control*
· Lossless transmission during handover*
· Retransmission of high layer PDUs*
· Associated scheduling between downlink and uplink*
These functions are the main functions of MAC layer and the added and enhanced functions are marked with “*”. Although in LTE RLC layer will be merged into MAC layer and most functions of RLC will be brought into MAC, they do not include RLC functions as we do not discuss RLC function here. 
3
Discussion
In the previous meeting, many participating companies have proposed that MAC architecture can be simplified or integrated since the number of transport channel type will be reduced. Therefore it is essential to modify or enhance MAC functions accordingly. The following discussions are focused on some added and enhanced functions, which are considered as essential in optimized MAC layer in EUTRAN.
3.1 Service handling procedure

Currently differentiation of MAC into MAC-e/es/hs/m/c/sh/d/b makes it easier to achieve different targets and purposes. In other words, different types of services can be handled in different entities [8]. However, some MAC entities, such as MAC-d, can only handle DCH so that they can not fit for LTE. Further along with the reduced number of transport channel type, MAC architecture should also be simplified or integrated in order to reduce system complexity and improve system performance. Since there will only be shared and common channels and it is possible to handle several types of services in a single platform in LTE, the effective service handling procedures based on shared channels or common channels may be introduced in order to guarantee the QoS of each type of packet service.
3.2 Retransmission of higher layer PDUs
In current protocols, the service data, which can not be correctly transmitted by physical layer retransmission, will be retransmitted by higher layer in order to guarantee the reliable transmission. [9] In such case, it will cost long time due to the interaction between different network elements, such as SGSN，RNC, NodeB etc. Hence for those services, which are sensitive to delay, the QoS can not be effectively guaranteed because of high delay. Also it will lead to worse experience of users. In EUTRAN, we propose that evolved MAC can be enhanced to have the retransmission function for high layer PDUs to avoid higher layer retransmission so that it can reduce the delay significantly and increase the throughput of upper layer. 
3.3 Data loss and delay during handover 
In wireless communication systems, the systems support different types of handover due to the mobility of users. However it is inevitable for the data loss or delay during handover because of high data rate transmission of services and frequent handover of users at the edge of the cell. As a result, it could lead to long service interruption so as to users will have worse experience for the services. Hence it is necessary to solve the problems about the lossless data transmission during handover. In other words, in EUTRAN evolved MAC layer should provide some mechanisms to support the lossless data transmission during intra-NodeB handover and assist higher layer to perform smooth inter-NodeB handover.

3.4 Flow control

Conventional flow control algorithm in R6 can not meet the requirements of LTE along with the evolution of network and protocol architecture. The existing flow control algorithm is that NodeB  ask RNC for data based on specific data rate according to certain principle. It controls the data capacity of every user queue. Therefore if the stored data are not enough, it can not supply enough data when L1 needs to transmit plenty of data, and it will decrease the transmission rate and system capacity.  However if the stored data are overfull, it will induce more problems, such as plenty of data loss between handover, high transmission delay, etc. So flow control algorithm may be enhanced to achieve better performance in LTE.
3.5 Associated scheduling between downlink and uplink
Current R6 supports downlink shared transport channels and enhanced uplink dedicated channels and their functionalities are somewhat similar to each other, e.g. fast node B scheduling, fast retransmission, etc. However they are separately scheduled by NodeB. In other words, uplink scheduling algorithm does not consider the status of downlink and vice versa when they are scheduled by their own scheduler. In such case, radio resources will be largely wasted. Or even further the advantages of high data rate can not be fully utilized. In fact it may be possible to uniformly schedule the resources of downlink and uplink in order to reduce the delay as well as efficient resource utilization. Hence we propose that associated scheduling mechanism may be introduced into MAC layer in LTE.
4
Conclusion
This contribution discussed the MAC function evolution in LTE. We also outlined some main MAC functions and mechanisms that we proposed to implement on evolved MAC layer.
· MAC layer can be evolved based on the mechanisms of HSDPA and HSUPA technologies.
· Different procedures based on shared channels or common channels can be used to handle different types of services.
· Need for retransmission of high layer PDUs.
· A mechanism may be introduced to support lossless data transmission during intra-NodeB handover and assist higher layer to perform smooth inter-NodeB handover.

· Efficient flow control algorithm may be introduced into LTE. 
· Associated scheduling mechanism between downlink and uplink may be introduced.
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