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Introduction

As discussed in the previous meetings about the evolved UTRAN, some features were advanced to implement into the new LTE system in order to achieve the network requirements. Up to last meeting, some common agreements had been reached such as two-node network architecture, the usage of uplink and downlink shared channels, two layer retransmissions, no uplink micro diversity etc. [1]. It is predicted that L2 architecture and MAC function will be modified and enhanced to support such features. This contribution will present our considerations on some fundamental MAC functions.
2
Discussion
2.1 Introductions
According to the previous meeting about evolved UTRAN, two-node architecture, no MDC, two layer repetitions etc are considered as the start point for our further study. As presented by many companies, separated MAC and RLC sublayers in UTRAN will bring many functional redundancies. Besides, we also think that the upper layer retransmission should be located in evolved Node B, so there is no need for a separated RLC layer. As a result, we consider that the MAC and RLC could be merged in the LTE system potentially located in ENode B. As the uplink and downlink shared transport channels are agreed in LTE system, we think the existing HSDPA technologies should be considered as the start point for LTE MAC design.
As the different MA scheme in LTE physical layer compared to current one, different transport channels will be implemented to support, which leads to different MAC architecture and functionalities. We consider that the new MAC functions should include fundamental legacy MAC functions like mapping between logical channels to transport channels, multiplexing, flow control, HARQ, traffic volume measurement and so on. EMAC could also include some legacy RLC functions like segmentation/ concatenation, re-ordering, ARQ etc. Furthermore, EMAC could also involve some new functions due to some new features like MAC protocol state management and handover support. 
In the following parts, we outline the basic MAC functions and give our considerations on some of them.
2.2. MAC functions overview
Expected fundamental EMAC functions are summarized as follows. 

-
Mapping between logical channels and transport channels.

-
Multiplexing
-    Transfer of user data.
-
Traffic volume measurement.

-
Priority handling and scheduling 
-    HARQ functionality

-    Flow control

-    Lossless transmission during handover
-    Management of MAC protocol states
-    Outer ARQ*

-   Ciphering.*
-   Reordering*
-   Segmentation and concatenation * 

Note: The original RLC functions which could be implemented in MAC in the enhanced system are marked with “*”.

The above functions are considered as the essential functions of LTE MAC layer in our view, some other functions may be also needed which are out of our discussion scope. Some of the above functions should be modified and enhanced in the new network to achieve the requirement. In the next following part, considerations on some above functions are detailed discussed.
2.3 Primary MAC function analysis  
HARQ protocol 
Due to the MA schemes have been decided in the last RAN Plenary, a proper HARQ scheme should be designed for the new physical layer and MAC layer. Firstly, thanks to the uplink and downlink shared channel usage, scheduling scheme should be flexible to improve radio interface efficiency. We propose asynchronous HARQ should be considered to be supported in LTE based on uplink synchronized HARQ work assumption. Secondly, some specific real-time services not only have high requirement of transmission delay, but also ask for low bit error rate. In such cases, HARQ should be modified to adjust to some real-time services by introducing flexible HARQ parameters. Thirdly, concerned that ARQ may be located in MAC layer together with HARQ, the interaction between them should be carefully designed to improve transport efficiency. As the two functions inter-worked in the same layer, some separated schemes could be merged. For example in the transmission side, two layer acknowledgements could be interacted to trigger fast retransmission, the separated re-ordering function in receiver side should be merged, and segmentation/ concatenation would be only performed once to construct EMAC PDU.
Conclusion: 
1. Asynchronous HARQ scheme should be supported together with synchronized HARQ.
2. HARQ would be used for some real-time services.

3. Only one segmentation/ concatenation and re-ordering functions performed as interaction of HARQ and ARQ.

Flow control
Shared channel utilization implies more complicated scheduling and flow control scheme are needed in eNdoe B. IP transmission over eNode B that flow control between GW and eNode B become significant and influence data transmission performance. Some considerations on flow control function are described in the follows.

Firstly, the QoS based buffer should be introduced into evolved Node B to guarantee flow control and transmission. Secondly, timer based efficient data discard or explicit signaling reporting traffic volume, negotiating transmission rate and other transmission status should be introduced into Node B potentially MAC layer to avoid buffer overflow. Thirdly, window scheme should be reserved to ensure proper data transmission between peer entities. However, the two layer re-ordering window in the current system could be simplified and window size maybe carefully chosen to prevent introducing any unnecessary delay. Finally, some new mechanisms are introduced into LTE so that flow control in some specific scenarios could be used to assist to achieve high network performance. For instance, during handover procedure, flow control could be used to control the transmission at a lower rate. Another example is that when retransmission rate is high for ARQ services, flow control is necessary for avoiding traffic congestion or entity reset.
Conclusion:

1. QoS based buffer should be introduced into eNode B to guarantee flow control and transmission.
2. Efficient rate control negotiation between eNode B and higher node should be introduced.
3. Window scheme should be reserved for peer entities to ensure proper data transmission.

4. Flow control scheme could be used to reduce transmission rate during handover and when ARQ retransmission rate is high.

Handover support
Due to the previous meeting, there is no Macro Diversity Combination, which means hard handover will be used in LTE. 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. In order to solve such problem, many potential solutions have been proposed like data forwarding, bi-casting, fast cell selection etc. We think that different type of services may have different requirements during handover. We propose data forwarding solution could be used to optimize the hard handover under the assumption of Alt A U-plane together with Alt C C-plane architecture for non real-time services. Besides, bi-casting solution could also be considered to support for real-time services handover. As a result, handover support as a new MAC function would be considered, where numbering detection, transmission context control, re-ordering and flow control supporting etc. would be involved.
Conclusion:

1. Data forwarding solution could be used to optimize the hard handover for non real-time services. Besides, bi-casting solution could also be considered to support for real-time services handover.
2. MAC functions like numbering detection, transmission context control, re-ordering and flow control supporting would help to optimize handover.

Legacy RLC functions
As present before, we consider that there is no need for RLC existing as a separate layer. However, some RLC functions considered as essential that may be implemented into MAC layer. Some of the most necessary functions are segmentation/ concatenation, ARQ retransmission, re-ordering and so on. These functions need to be modified to inter-work well with other MAC functions. 
Firstly, ARQ retransmission could be triggered fast using HARQ information, meanwhile useless retransmission should be optimized to save radio resources. Secondly, we think the status report is still needed to ensure the ARQ extremely low error rate. However, the scheme should be simplified by reducing varies status report triggers and representation.  

Conclusion:
1. RLC functions would be merged into MAC layer, which include segmentation/ concatenation, ARQ retransmission, re-ordering.
2. ARQ status report would be retained in LTE system, but it should be simplified.
3
Conclusion
We outline the following proposals to add into TR 25.813 due to our discussion above as the conclusion.
· RLC functions would be merged into MAC layer, which include segmentation/ concatenation, ARQ retransmission, re-ordering.
· ARQ status report would be retained in LTE system, but it should be simplified.
· Asynchronous HARQ scheme should be supported together with synchronized HARQ.

· HARQ would be used for real-time services.

· Only one segmentation/ concatenation and re-ordering functions performed as interaction of HARQ and ARQ.

· QoS based buffer should be introduced into eNode B to guarantee flow control and transmission.

· Efficient rate control negotiation between eNode B and higher node should be introduced.

· Window scheme should be reserved for peer entities to ensure proper data transmission.

· Flow control scheme could be used to reduce transmission rate during handover and when ARQ retransmission rate is high.

· Data forwarding solution could be used to optimize the hard handover for non real-time services. Besides, bi-casting solution could also be considered to support for real-time services handover.

· MAC functions like numbering detection, transmission context control, re-ordering and flow control supporting would help to optimize handover.
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