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1 Introduction

At the last meetings in London and in Sophia-Antipolis, first views on the functionalities of the layer 2 for the new E-UTRA have been exchanged between different companies. A first document underlying the fundamentals the discussion has been approved and a corresponding text proposal introduced in the LTE TR [1]
In the current document, we push the discussion forward and highlight some new key functions and properties that should be considered when designing the new layer 2 for E-UTRA.  

2 Discussion

2.1 L2 general user plane functions

In all wireless systems, the layer 2 main task is to offer efficient data transfer over a wireless physical medium. The most important functions that provide this service could be classified as follow: 

1. Functions providing user data transfer

· Reliable and unreliable delivery mode 

· Flow multiplexing 

· Mapping between logical channels and transport channels 
· Segmentation/Re-assembly and concatenation functions

· Flow control

2. Functions managing L1 resources and QoS attributes

· Scheduling considering QoS attributes

· Priority handling between UEs and between data flows of one UE
· L1 resources allocation

In the current Rel-6 L2 protocol stack, these functions are spread over the MAC and the RLC layers, which to our opinon have already reached a great level of complexity. 

LTE is giving us the opportunity to start again with a clean and simple L2 architecture by integrating existing functions within an all-around E-UTRA layer 2 that would capitalize the experience gained with HSDPA, HSUPA and MBMS.  

In the following section, we propose some design principles influencing the structure of the layer 2 in E-UTRAN. In order to illustrate our view, a general DL L2 structure is presented as an example in the annex. 

2.2 Layer 2 E-UTRA design principles

From an high level point of view, we consider the following principles as being of interest when designing the layer 2 in E-UTRA. These principles have been derived with the downlink in mind but could also be applicable to the uplink as well.

It is our understanding that the following three principles are commonly shared by a number of companies that expressed similar views in the previous 3GPP meetings.

Integrated Layer 2 in one single layer

MAC and RLC sublayers have a significant complexity due to the large number of logical and transport channels and transmission modes (TM, UM and AM). Futhermore the architecture of the MAC layer has been deeply complexified by incrementally adding sublayers for new features such as HSDPA and HSUPA (MAC-hs, MAC-e, MAC-m, etc.) on top of R99 architecture. As the date of today, UMTS L2 is a complex patchwork of service-specific functions and sublayers that sometimes offer similar functions (e.g. multiple reordering functions in MAC and RLC) and are therefore difficult to optimize (e.g. RLC AM above HARQ). Therefore the LTE layer 2 should be an integrated layer composed of generic modules offering configurable services to all types of bearers that should be located as much as possible in the E-Node B.
H-ARQ centric design 

HSDPA has proven itself a superior system in Rel-5. HARQ provides fast acknowledgement and retransmission mechanisms that significantly reduced the latency in HSDPA compared to R99. It is our understanding that a latency reduction can also be obtained with HARQ in LTE. Therefore, it is our assumption that an H-ARQ protocol similar to the one used for HSDPA should be the core transmission method for all types of user traffic. 
Remove RLC TM mode 

RLC R99 offers three independent modes for delivery: AM, UM and TM. Because of the decreasing importance of circuit switched type of traffic and the fast retransmission capability of lower layer HARQ protocol, we believe that a strong simplification of the layer 2 can be achieved by not specifying separate and independent modes such as current current TM mode. Special parametrization (e.g. max. number of retransmission, guaranteed delivery emulating RLC AM, etc.) should be used to meet service specific requirements.

Furthermore, we believe that the following aspects would bring strong benefit to the new EUTRA system
Necessity of a reliable Layer 2 ARQ protocol

By nature HARQ is mirroring a RLC AM protocol and therefore tends to decrease the importance and the necessity of an RLC AM protocol on top of it. It is therefore very appealing to completely remove the RLC AM. However it is our understanding that an important goal of the RLC AM over HARQ is to provide some HARQ protocol error recovery function when, for instance NACK->ACK misinterpretation occurs and that services requiring equivalent or better robustness of the current RLC AM will still exist in LTE. Similar views have been presented in [2]. Therefore, the H-ARQ protocol reliability is a key issue and it is currently unclear which level of reliability an E-UTRA physical layer can offer. If it turns out that, after investigation in RAN1, protocol errors such as NACK-> ACK misinterpretation cannot be completely excluded without a prohibitive cost on the system efficiency (very high Tx power or message repetition), we propose that a simple protocol providing error recovery function should be introduced. It is our views that the RLC AM protocol as it stands today is too complex for this purpose and simple solutions should be studied. Some simple solutions have already been presented in the past [3]. 

Simplified mapping of data flows on Transport Channels and physical resources

The mapping of numerous logical channels onto relatively long transmission time intervals (e.g. 20 ms or higher) has called for logical and transport channel multiplexing, which causes some significant complexity on the QoS attributes management on the network side and on the de-multiplexing/de-rate matching processing blocks in the UE. HSDPA in Rel-5 with its short TTI has decreased the need for multiplexing and greatly simplifyied the complexity of the UE receiver for HSDPA as no de-multiplexing/de-rate matching as to be performed. Thus, due to the short TTI, we think that multiplexing should be limitied to flows with similar priority and QoS attributes in a similar way than HSDPA or HSUPA where MAC-d flows only contain logical channels with the same QoS attributes.

Efficient segmentation/concatenation algorithm located in E-Node B

At the previous meeting, it was envisaged to remove segmentation and re-assembly function from RLC as segmentation tends to tighten the BLER requirement at fix SDU error rate and increases overhead. This would require transmitting only integer numbers of L2 SDUs (e.g. IP packets) per TTI and would definitely simplify the overall L2 structure and significantly limit the L2 overhead. On the other hand, this would set very strong restrictions on the scheduling function and the lack of flexibility in mapping data onto available resources at a given code rate may impact significantly overall system throughtput. It is our opinion that although segmentation should be avoided, it cannot be completely removed from the L2 function list. Therefore, we propose to reconsider how segmentation is performed in L2 and adapt this function to the characteristics of LTE (focus on PS services, scheduled and variable physical resources). 

Segmentation of L2 SDU into fixed size PDU like in R99-Rel-6 should be avoided as fixed size PDUs are not very optimized to variable rate services such as packet services. By considering variable size PDU, dynamic parameters such as instantaneous channel conditions can be taken into account and overhead such as padding and segmentation information could be decreased to a minimum. 

In order to benefit from efficient link adaptation algorithms, segmentation and concatenation functions should be performed as close as possible to the air interface. Therefore, we propose to perform segmentation and concatenation after the scheduling and resource allocation decision in order to take into account instantaneous channel conditions and to move this function to the E-Node B.

3 Conclusion

In this contribution, we presented our views on the basic design principle of the Layer 2. 

The new layer 2 should include the following functions for data transfer 
· Reliable and unreliable delivery mode 

· Flow multiplexing 

· Mapping between logical channels and transport channels 

· Segmentation/Re-assembly and concatenation functions

· Flow control

· Scheduling considering QoS attributes

· Priority handling between UEs and between data flows of one UE

· L1 resources allocation
Our proposed design principles for future work on E-UTRA are

1. Merge RLC and MAC functionality into a single highly integrated layer located at the E-Node B.

2. Use HARQ as the core retransmission technique.

3. Remove RLC TM mode.

4. Reliable ARQ procotocol either by reliable HARQ acknowledgement signaling or by simple protocol error recovery function. 

5. Limit multiplexing to data flows having the same QoS attributes.

6. Move Segmentation and Concatenation functions in the E-Node B and perform segmentation and concatenation after scheduling and resource allocation decision.

It is proposed to discuss the above points in the design of the layer 2 for the future E-UTRA system. 
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Annex - An example for a DL layer 2 protocol stack – Unicast services

In order to illustrate our views on the DL Layer 2 for E-UTRAN, we present in this annex an example of a layer 2 protocol stack for DL unicast services. 

4.1 L2 protocol stack

MAC and RLC are merged into a single highly integrated data link layer (E-MAC). We intentionally refrain from using the MAC + RLC appellation since it is difficult to establish a clear relationship between old and new layers based on their location and respective functions. 

It is proposed to have most of the L2 layer at close as possible to the air interface (E-Node B). This would match architecture 2 as discussed at the RAN2#48 meeting in London. 

4.2 Unicast DL L2 functions - network side 

The functions of the respective sublayers are best explained in the figure 1.
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Figure 1 – A possible exemple of L2 protocol layer (network side - DL – unicast services)

· Multiplexing of UE flows with same QoS. Flow Ids are indicated in-band. In case the scenario with the central Node (architecture 1) is selected by RAN2, this function could be located at the central node as it would be beneficial to  multiplex UE data flows with the same QoS in a similar way than MAC-d flow in HSDPA/HSUPA in order to have effective transport mechanism over the E-Iub interface. 

· Data buffering in a QoS specific queue buffer. It should be noted that several independent buffers exist in order to handle flows with different QoS attributes.  

· Determination of the optimum transport block size for the next TTI based on general scheduling, resource allocation and flow control algorithms. 

· Segmentation of SAR SDU
into blocks
 based on selected transport block size. Blocks with variable size are created and blocks containing full SDUs are preferably generated. 

· Sequence numbering of the created blocks. It is not required to append the sequence number SN to each generated block. 

· Ciphering.  This step is optional and can be easily removed from the L2 function if it is decided to locate the Ciphering mechanism in a different place in the protocol stack (e.g. in the core network).

· A transport block containing the generated blocks is build and the corresponding transport channel header is appended. As the transport block fits the L1 resources, no padding is required.

· The TrCH Blk header indicates the transmission sequence number TSN of the TrBlk. It is equal to the SN of the first block in the TrBlk
. The TSN number can be used for TrBlk re-ordering, HARQ function and HARQ protocol error recovery function. Furthermore the number N of blocks in the TrBlk, some segmentation information required for SDU re-assembly and the length of each block are further added. It should be noted that by construction only the first and the last blocks in a TrBlk can be a fragment of an SAR SDU. 

· A retransmission buffer used to recover from HARQ protocol error such as NACK->ACK misinterpretation. This will require separate signaling from the receiver to request the retransmission of a specific TSN.

· A retransmission and fragmentation function in case of protocol errors or L1 transmission failure (max. number of transmission reached) potentially caused by TrBlk size overestimation (abrupt degradation of physical channel conditions). The fragmentation function may split an existing non-acknowledged TrBlk into several smaller TrBlks containing the blocks previously generated.    

· HARQ processes. It should be discussed wheather the structure should be based on N stop-and-wait processes as in HSDPA/HSUPA or on a Tx/Rx sliding window protocol with selective repeat.  

The proposed functions offer flexibility at the cost of a much smaller overhead with respect to the current fixed-sized PDU based layer 2 currently available in UMTS Rel-6.

4.3 Unicast DL L2 functions - UE side

The corresponding functions on the UE side are shown in the figure 2.
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Figure 2 - L2 protocol layer (UE side - DL – unicast services)

E-MAC (UE side)

· Re-ordering queue distribution based on the Priority Queue Id potentially signaled out-of-band or in-band in the TrBlk header (not shown).

· TrBlk reordering and TrBlk loss detection function based on a simple receiving sliding window mechanism and on the TSN and N fields. Loss detection may trigger the transmission of a retransmission request (mode emulating RLC AM mode).

· Overflow detection mechanism of the re-ordering buffer.

· TrBlk dis-assembly.

· De-ciphering (if existing). 

· SDU reassembly based on the segmentation information provided in-band in the TrBlk header.

· Flow demultiplexing based on the flow Id provided in-band.




� SAR or Segmentation And Re-assembly is a generic wording to refer to segmentation functions in a layer 2 architecture. 


� Note that we do not speak of PDU since per definition a PDU are exchanged between peer processes of the same protocol layer. In our example, we do not have sublayering below segmentation.  Futhermore it should be noted that a transport block would then contain several blocks.


� This technique is already used in WiMax. It allows to have a unique sequence numbering function in L2 compared to two in HSDPA for instance (PDU SN and TSN).
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