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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
In the previous meeting, 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. The primary RLC functions in release 6 are segmentation/concatenation, retransmission, re-ordering and ciphering etc. It seems that some of these functions are still needed in evolved UTRAN. The problem of how these functions exist in the new system should be carefully considered depending on selected architecture.
HUAWEI supports that some necessary RLC functions should be implemented on the enhanced MAC sub layer to meet the new network requirements. Regarded that the evolved UTRAN is based on all IP transmission, transparent mode for services transmission may be not needed any more.
Since RLC sub layer is not existed, the functions will be remained in the enhanced MAC layer in different manners. The following discussion is focused on some important functions that are considered as essential in the enhanced MAC layer in evolved UTRAN.

2.1 Segmentation/reassembly and concatenation

On current release 6 protocol, segmentation and concatenation is performed in RLC 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. It will make better use of radio resources and 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. 
The mechanisms of segmentation and concatenation in current RLC layer are different on the basis of RLC modes. For RLC AM mode, the RLC SDUs from upper layer always are segmented and concatenated into PDUs with fixed size, which is beneficial to DCH channel transmission. Compared to UMD PDU construction, it always depends on MAC layer notification. Moreover, in order to be fit for the HSUPA/HSDPA mechanism, RLC PDUs through DCCH/DTCH (always AMD PDUs) need to be concatenated into larger PDUs to transmit during one TTI, which are operated on MAC sub layer.
In the evolved UTRAN, the transmission is based on all IP packets that always have variable size. It is also predicted that the data would be transmitted on shared channel. As indicated above, the mechanisms used in current RLC layer like RLC entity  establishment, UM and AM division and PDU size etc are not suitable for the evolved system any more.
What HUAWEI proposed here is about three aspects in the segmentation and concatenation function 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.
· Considering the different characteristics between Real- Time service and Non Real-Time service, we propose that SDUs with different QoS characteristics 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 are different from varied service types.
2.2 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 introducing 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 error protection and retransmission could be supported by ARQ in such case. 

Due to the discussion above, 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 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 Outer-ARQ mechanism should be remained in evolved UTRAN potentially in enhanced MAC layer or the HARQ mechanism should be enhanced in order to provide enough transmission protection to the evolved system. 
2.3 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 transmitting and 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, selective combining, period retransmission 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. The detailed functions should be investigated carefully depending on the modified architecture and transmission mechanisms.

2.4 SDU discard
In the current RLC layer, several SDU discard mechanisms are used as flow control solutions to avoid buffer overflow, which include with or without explicit signaling and MaxDAT number based discarding. For UM, SDU discard without explicit signaling is used for discard SDUs if after a certain time that the SDUs could not be forwarded to lower layer. For AM, SDU discard with control criteria of timer or MaxDAT number is performed for discard SDUs if after a certain time that the SDUs could not receive correct acknowledgements.
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 MAC layer. Besides buffer mechanisms are potentially implemented onto enhanced MAC layer to support segmentation and concatenation, thus the SDU discard function should be implemented onto the enhanced MAC as one supplement of flow control solution to guarantee proper use of buffer. Further evaluation of SDU discard mechanisms should depend on the enhanced MAC layer architecture.

2.5 Other RLC functions
Except what we discussed above, there are some other important RLC functions requiring more researches. For example ciphering is necessary in the evolved UTRAN, but which protocol layer it should be located and how it could be implemented in order to bring maximum benefit need to be further evaluated.
3
Conclusion
This contribution discussed the RLC functions implementation in evolved UTRAN. We outline the primary RLC functions that we proposed to implement on the enhance MAC layer in the new system.
· Segmentation and concatenation is considered as necessary in the enhanced MAC layer with modified mechanisms.
· RLC re-transmission is considered potentially needed in the evolved UTRAN or enhanced HARQ to provide enough transmission reliability.
· RLC re-ordering functions may be considered in the evolved UTRAN to support better reception.
· SDU discard is considered as a potential supplement of the intra MAC layer flow control mechanism to protect buffer overflow.
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