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Introduction

As discussed in the previous Ad hoc about the evolved UTRAN, simplifying the protocol architecture is considered as an efficient way to reduce the user plane latency and increase the packet data rate. Especially the MAC sub layer and RLC sub layer have many functional redundancies which could be combined. 
In this contribution, we proposed that RLC sub layer could be merged with MAC sub layer. Some detailed discussions about the RLC functions implementation on MAC are also provided. Finally, we outline the possible RLC functions implementation on the evolved UTRAN as the conclusion. 
2
Discussion
2.1 General RLC functions

In the previous meetings, many participating companies have proposed to simplify the RLC sub layer as merged into MAC to fulfill requirements of the evolved UTRAN [5] since there are many redundancies. Before we discuss the RLC function implementing on the evolved UTRAN, we should overview the RLC functions in the current system.

Primary functions in the current RLC layer:

-    Segmentation and reassembly.

-
Concatenation.

-
Padding.

-
Transfer of user data.

-
Error correction.

-
In-sequence delivery of upper layer PDUs.

-
Duplicate detection.

-
Flow control.

-
Sequence number check.

-
Protocol error detection and recovery.
-
Ciphering.
-
SDU discard.
-
Out of sequence SDU delivery. 

-
Duplicate avoidance and reordering.
In order to discuss these functions more clearly, we classify them into several groups to provide carefully consideration in the following.

Segmentation / reassembly, concatenation and padding are considered as the functions of constructing RLC PDUs. This set of functions should be required in the evolved UTRAN in our view. But the detailed function implementation may be modified to enhance the L2 performance in the LTE system. 
In sequence delivery, duplicate detection and sequence number check are considered as functions of re-ordering of SDUs in the reception. We believe that these functions are still needed in the evolved system and the mechanisms should be negotiated with other aspects like approaches of constructing PDUs, transmission mode and so on.
SDU discard and flow control are functions using timer or window mechanism to avoid buffer overflow. In evolved UTRAN, this kind of local flow control function should be remained in L2. In the same manner, some enhanced mechanism and modified function may be introduced into the new system to provide higher performance.
In the legacy RLC sub layer, ARQ is another important mechanism to provide reliable transmission. It includes series functions like polling, reset, move receiving window etc. and also guarantees the error correction and protocol error detection and recovery. There are some debates on whether the ARQ is needed in the new system. This issue also needs to be investigated carefully together with RAN1 study.
Besides, out of sequence SDU delivery as well as duplicate avoidance and reordering are implemented according to MBMS services reception in R6 system. These functions are introduced for the periodical retransmission and selective combining. As a result, it will be further discussed that whether these functions are still needed. And some replaced functions may be introduced to support MBMS services based on new L1 transmission technology.
Since original RLC sub layer may be merged with MAC, all types of data may perform ciphering/deciphering in the modified L2 before setting the sequence number. 

We support that some necessary RLC functions should be implemented on the enhanced MAC sub layer to meet the new network requirements. The problem of how these functions exist in the new system to achieve more efficiency should be carefully considered depending on selected network architecture. In the next section, more detailed discussion will be presented on the primary functions. 
2.2 RLC functions in EUTRAN 
Segmentation/ Reassembly and concatenation
On current release 6 protocol, there are several functions like segmentation and reassembly, concatenation and padding to construct the RLC PDUs. These functions are performed with some differences according to the RLC mode [3]. There is also a simple concatenation function involved in MAC-e/es and MAC-hs to support the HSUPA/HSDPA function transmitting larger PDU in one TTI.
Since all IP based transmission will be introduced into the new system, whether the IP packet could fit for the radio interface is a problem. We believe that segmentation and concatenation function is still needed in evolved UTRAN to make better use of radio resources. We propose that it is preferably located in LTE MAC sub layer because it will be easier to get the radio condition from physical layer. Besides, padding should be reduced to use due to the redundancy that limit the radio resource.
The mechanisms of segmentation and concatenation in current RLC layer, especially for RLC AM mode, are always constructing PDUs with fixed size. The reason of using fixed size PDUs is that the CS transmission is used for traditional voice service particularly through DCH. In the evolved UTRAN, the transmission is based on all IP packets that always have variable sizes. Additionally, it is potentially agreed that the data would be transmitted on shared channel controlled by schedule information. We could predicate that segmentation and concatenation should be more flexible to construct PDUs including format and size selecting. In addition, the mechanism should be negotiated with radio interface or shared channel information.
According to the previous LTE meeting, MAC will be QoS aware in the evolved system. Segmentation and concatenation policy should take account of different service types due to QoS as well.
To sum up, we proposed here are three aspects about the segmentation and concatenation implemented on enhanced MAC layer.

· One or more entities will be established to segment and concatenate SDUs received from upper layer. One entity could manage one or more services. Padding should be minimized
· Considering the different characteristics between Real- Time service and Non Real-Time service, we propose that SDUs with different QoS attributes should be operated by different segmentation and concatenation entities.
· According to the characteristics of evolved system, we consider that it would be beneficial if the PDU size is more flexible and the approaches to select proper PDU size and format are different from varied service types.
 RLC re-transmission and HSDPA/HSUPA HARQ

On the current release 6 protocol, there are two layer re-transmissions to avoid data error. One is Outer-ARQ performed by RLC AM and the other is Hybrid-ARQ supported by HSDPA/HSUPA. Before HSDPA/HSUPA introduced into the system, RLC ARQ is used to provide L2 retransmission between UE and RNC, however, the latency is extremely high because of the transmission through Iub interface. After HSDPA/HSUPA introduced, the Hybrid-ARQ is provided between Node B and UE to achieve fast retransmission. There are several reasons that ARQ and HARQ are both needed in the current protocol. Firstly, the HARQ feedback is relatively low reliable, which ARQ could protect from residual errors. Secondly, in the HSDPA, only hard handover can be performed when the cell changes. As a result, the data transmission protection would be supported by ARQ in such case. 

We believe that the current HARQ retransmission mechanism may not provide enough transmission protection for some services that requires extremely low Bit Error Rate in the evolved UTRAN. If the ARQ mechanism is removed, the higher layer retransmission will be performed by TCP/IP, which will bring intolerable latency. If we want to improve the feedback reliability of HARQ, it is more costly that the transmission power may be enlarged thus the system capacity may be reduced. We propose that either the simplified ARQ mechanism should be remained in evolved UTRAN potentially in Node B or the HARQ mechanism should be enhanced in order to provide enough transmission protection to the evolved system. 
RLC re-ordering functions
Firstly, we will take a look at the current re-ordering functions in L2. There are in sequence PDU delivery function on AM RLC reception, Out of Sequence Delivery function on receiving side of UM RLC, Duplicate Avoidance and Re-ordering function on reception of UM RLC for MBMS and re-ordering for HSUPA/HSDPA on MAC reception. Generally, in sequence delivery to upper layer is supported, but in some specific situations, out of sequence delivery should also be provided in order to support reception from different transmissions.
It is foreseen that in the evolved UTRAN, period retransmission, multicast or other specific transmission mechanisms may cause data arriving out of sequence or duplicated. In such situation, specific re-ordering functions should be considered to implement on the receiving side to guarantee the correct SDU reassembly. Additionally, some supplementary functions may be introduced to enhance the reception performance to meet the requirement from the different types of services. The detailed functions should be investigated carefully depending on the modified architecture and transmission mechanisms.

Local Flow control
In the current RLC layer, two different SDU discard mechanisms are used as local flow control solution to avoid buffer overflow and for ARQ error correction. These two functions are SDU discard without explicit signaling used for UM transmission and SDU discard with explicit signaling for AM transmission. Besides, reception buffer using window mechanism also provides local flow control for data forwarded to upper layer.
Utilizing shared channel for packet data transmission has been agreed in principle, which implies the need for more complicated scheduling and flow control mechanisms in enhanced MAC layer. Since MAC segmentation and concatenation may utilize radio interface information to construct PDUs, buffers are considered to be essential to store the data from upper layer. We propose that there should be QoS based transmission buffers before segmentation and concatenation performed. Furthermore, some corresponding mechanisms like timer or inter- layer indication to report the transmission status may be introduced to avoid buffer overflow. Similarly, the re-ordering mechanisms described above also provide local flow control function in the reception. In addition, SDU discard may introduce to guarantee the proper use of the buffer to some extent. Further evaluation of such local flow control functions will be studied depending on the enhanced MAC layer architecture.
3
Conclusion
This contribution discussed the RLC functions implementation in evolved UTRAN. We outline the primary RLC functions that we proposed to modify in the new system.
· Segmentation and concatenation is considered as necessary functions to construct PDUs in the enhanced MAC layer with modified mechanisms.
· RLC re-transmission is considered potentially needed in the evolved UTRAN or enhanced HARQ could provide enough transmission reliability.
· RLC re-ordering functions may be considered in the evolved UTRAN to support better reception.
· Local flow control is considered as essential aspect required in the enhanced MAC.
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