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Introduction

Initial discussion of protocol functions for the Evolved UTRA (E-UTRA) has been carried out between companies and a summary of the discussion was presented in [1]. It has been discussed that the simplification and optimization of protocol architecture is an efficient way to achieve the LTE requirements set out in [2].

In this document, we identify the major issues that should be investigated for the design of Layer 2 in LTE and propose a Layer 2 functional implementation in E-UTRA. The proposed Layer 2 functional implementation is optimized for low latency IP based data communication over shared channels.  
2
Discussion
As discussed in the Email discussion [1], simplification of protocol architecture is considered to be the way forward for E-UTRA. The following discussion addresses some functional enhancements which are considered as essential for E-UTRA Layer 2. 
2.1 Integrated Layer 2 compared to Rel-6
The current Rel-6 MAC layer consists of a number of MAC entities [3], which are designed to handle different logical/transport channels. These entities have been added to the system incrementally to support new packet-oriented features such as HSDPA (MAC-hs) and E-DCH (MAC-e) on top of older features such as DCH (MAC-d). However, the large number of entities involved in the MAC protocol has resulted in a complex system. It is likely that, the number of transport channels will be reduced in LTE, as a consequence, an immediate simplification can be considered by integrating or merging the different MAC entities, and by removing unnecessary legacy functions. In addition, in the current Rel-6 protocol stack, layer 2 functions are spread over MAC and RLC layers. These protocols have many functional redundancies, (eg: segmentation/re-assembly, re-transmission) which can be removed in a merged architecture to improve the efficiency of the system. Therefore, it is necessary to enhance layer 2 performances by integration of MAC entities, removal of legacy functionality, and also merging of RLC and MAC layer functionalities in E-UTRA.
2.2 Re-transmission
In the current Rel-6 implementation, re-transmission is performed at two levels (at RLC and MAC) for HSDPA and E-DCH. Selective repeat and sliding window based ARQ is used at RLC [4] and a stop and wait HARQ is used at MAC [3]. Error detection is carried out based on the CRC check at the physical layer. In addition, error detection is also performed based on the MAC header information and information received on MAC control channels at MAC layer. A stop and wait HARQ is performed to recover any erroneous PDUs at the MAC-hs or MAC-e layers [5][6]. In case of MAC HARQ failure, RLC ARQ acts to recover the data.  If the error within the MAC payload is not detected at MAC layer (and if the CRC has failed to detect errors), it is detected through Sequence Number (SN) check or status indication at the RLC layer [4]. Otherwise, information passed from the MAC layer is used to identify the error blocks at RLC. All the information, which is used to identify the erroneous blocks at RLC are available at the MAC layer either within MAC-hs/MAC-e SDU (ie: SN within MAC SDU) or as information derived at MAC layer. This information can be used to enhance MAC HARQ and to achieve performance similar to that of combined ARQ/HARQ. The enhancement should be focused on improved error detections/corrections, erroneous data handling and dynamic service based HARQ parameter configurations at the MAC layer.
2.3 Layer 2 delivery modes
Three RLC delivery modes (TM, UM and AM) are specified in the current Rel-6 system [4].  With the absence of circuit switched connections for LTE, the inclusion of TM mode becomes questionable. Therefore, in order to simplify the protocol architecture, we propose to use only AM and UM delivery modes in LTE. The control signaling information is to be carried over UM mode connections.
2.4 Scheduling/priority handling

Scheduling/priority handling plays an important role in HSDPA and E-DCH. The scheduling/priority handling unit is located in MAC-hs/MAC-e in the Node B (UTRAN side). This allocates radio resources among logical channels of different UEs as well as logical channels of a single UE with different priorities. Examples of scheduling algorithms used are round-robin, max C/I, proportional fair, minimum queue length, combinations of them, etc. These algorithms are based on the information available immediately above/below the scheduler. (For instance, proportional fair, minimum queue length and round-robin algorithms use queue states while max C/I uses information provided by the physical layer). Scheduler performance can be improved if the scheduling is based on the application characteristics and the QoS requirements. One way to handle this is to locate the scheduler closer (logically) to the application (eg: IP layer). Ideally, unmodified IP packets should be delivered to the scheduler. 
2.5 Layer 2 PDU size

In the current Rel-6 system, block segmentation/concatenation is performed at the RLC layer. RLC PDU size is a fixed (semi-static) value configured by upper layers [4]. At the MAC layer, these RLC PDUs are concatenated to form MAC PDUs (MAC-hs for HSDPA, MAC-e for E-DCH) [3]. The MAC-hs/MAC-e PDU sizes (number of bits in a TTI) are variable, and depend on the physical layer parameters such as instantaneous channel conditions experienced by the UE, interference, load, scheduling, etc. This arrangement may require the addition of padding bits to form a complete radio block reducing the system throughput. This can be avoided by using a variable Layer 2 PDU size, which is decided by the lower layers (eg: scheduler). This configuration requires the segmentation to be performed closer to the physical link layer and scheduler to simplify the information transfer between protocol entities. In addition, the variable Layer 2 PDU size also supports efficient block formatting for variable bit rate applications such as variable bit rate video.
2.6 Segmentation/concatenation 
Segmentation/concatenation in Rel-6 is performed at the RLC layer [4]. This could however be performed without an RLC layer and this could instead be conducted at MAC layer. Segmentation/concatenation and ciphering are performed before scheduling in UTRA Release 6 based on a fixed PDU size configured from higher layers. This configuration limits the scheduler’s ability to perform efficient resource allocation in time-varying environment. Based on the discussion in Section 2.4 and 2.5 above, and in order to enhance the system performance, we propose to perform segmentation/concatenation after the scheduler in Layer 2 for LTE.  The location of ciphering function is FFS.
2.7 QoS provisioning and prioritization

In the existing UTRAN, QoS provisioning is mainly based on priority classes. The data from higher layers (higher layer SDUs) is multiplexed into priority queues according to the specified priority class and scheduling is performed based on the priority among queues. Each priority class has an absolute class value, which is defined as a QoS attribute. However, the priority between different data streams in a multimedia application is a relative factor and is time varying. Therefore, a relative priority based scheduling should be employed to achieve efficient adaptive QoS provisioning. Because real-time and non-real-time data has different characteristics, real-time and non-real time data should be buffered in different queues and handled separately. This would enable service class based system optimisation.  
2.8 Handling of data loss and delay during handover 
Data loss occurring during handover is inevitable in a wireless communication system. It is necessary to investigate methods to recover lost data during handover. This can be handled by implementing lost recovery function at Layer 2 or at higher layer (such as PDCP). Taking into account use of IP mobility in LTE, it is proposed to enhance the higher layer (PDCP) to allow for lossless handover. 
3.
Proposal
Based on the above discussion, the following Layer 2 enhancements are proposed for LTE: 

· Scheduling enhancements based on QoS attributes.
· Scheduled and non-scheduled data delivery.

· Perform segmentation/concatenation after the scheduling. This would allow better adaptation of the scheduling to specific services/applications.
· Use of two transmission modes, acknowledged mode and unacknowledged mode. Signalling and control information are to be carried over unacknowledged mode.

· A single retransmission protocol (Enhanced HARQ at Layer 2). 
· Flexible Layer 2 PDU size enabling adaptive bit rate transmission and efficient resource allocation.

· Enhanced QoS provisioning and service prioritisation. Service characteristics based protocol optimisation for real-time and non-real time services. 
An illustration of implementation of layer 2 protocol functions in the downlink at the E-UTRAN side is given in Figure 1. The proposed layer 2 is a single layer architecture compared to the two layers (RLC and MAC) architecture in UTRAN Release 6.  In case of an existence of a central node (eg: RNC in Rel 6), “Mux based on QoS” (see Figure 1) entity exists at the central node and the Node-B. Otherwise, Layer 2 exists at the Node B. The rest of the Layer 2 entities shown in Figure 1 exist at the Node B.
As shown in Figure 1, data from higher layer enters Layer 2. The higher layer SDUs are multiplexed according to QoS attributes. Queue prioritisation is performed based on the relative priority which is calculated based on QoS attributes of each data stream. Data belonging to real-time and non-real-time services is buffered in different queues and handled separately.  

A scheduled/un-scheduled decision is made for the queued data. The scheduler decides upon the data from which queue should be sent over the next transmission interval based on the priority, delay, queue length, etc.  The optimum transmission block size is decided by considering the scheduling parameters together with available radio resources for the next transmission duration. 
Segmentation/concatenation is performed after the scheduling. Segmentation is performed in an optimal way to minimise the addition of padding bits. Sequence numbers are generated and added to the header field of segmented/concatenated blocks to guarantee in sequence delivery to higher layers at the receiver. The data block is ciphered (except the header part). (Note that the location of ciphering is shown as an example). Transport block generation attaches a Transmissions Sequence Number (TSN) to the data block to assist with the enhanced HARQ protocol. After the HARQ process the data block is passed to the physical layer for physical layer processing. Segmentation/concatenation and HARQ processes are service specific. That means protocol parameters are configured based on the service characteristics enabling functional optimisation for a given service.
· 
[image: image1]
Figure 1: A possible implementation of protocol functions for DL transmission (UTRAN side).

Figure 2 depicts the functional implementation of layer 2 at the UE side for DL transmissions. Layer 2 PDUs enter Layer 2 from layer 1. The enhanced HARQ process is applied to recover erroneous blocks.  After the HARQ process, transport blocks are re-ordered according to the block header information (TSN). De-ciphering is performed on the ciphered payload.  Re-ordering queue distribution, distribute de-ciphered payload to appropriate priority queue. The priority class information may be transmitted using in-band signalling (within the block header) or as out-band signalling. Re-ordering is performed for each priority queue separately based on the sequence number, block length, etc. After re-ordering, the in-sequence data units are disassembled. The disassembled data is separated into higher layer data flows and forwarded to higher layers.


[image: image2]
Figure 2: A possible implementation of protocol functions for DL transmission (UE side).
4.
Conclusion
In this contribution, we discussed Layer 2 function evolution for LTE and presented our views on the design of Layer 2 in LTE. RAN2 is requested to agree the following principles for E-UTRA Layer 2.
· Perform segmentation/concatenation after the scheduling. 
· Use of two transmission modes, acknowledged mode and unacknowledged mode. 
· A single retransmission protocol (Enhanced HARQ at Layer 2). 
· Flexible (ie: variable, discrete) Layer 2 PDU size. 
· Dynamic service prioritisation. 
It is proposed to discuss above issues in the design of Layer 2 for the LTE system. RAN2 is requested to agree on the attached text proposal for TR25.8xx” Evolved UTRA and UTRAN Radio Interface Protocol Aspects”.
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5.3.1
MAC
The following functions are assumed to be provided by MAC:

· Scheduling
· Selection of HARQ profile based on identification of the IP flow
· Determination of allowed combination of packets from different IP flows
· Multiplexing of packets from different IP flows to build the MAC PDU and allowed power offsets within allowed TFCs
· Mapping of IP flows according to DSCP marking to radio bearer/priority and HARQ profile
Note:
This section will include the logical channels and their mapping to transport channels.

Note:
From R2-051759: possible list of logical channels is broadcast control channel, shared control channel, paging control channel, dedicated control channel, common traffic channel, dedicated traffic channel. Some radio resource control (scheduling of user data, common channel transmissions, resource allocations, etc.) performed in MAC. MAC should: be QoS aware; assign resource blocks based on QoS attributes, buffer occupancy and radio measurements; include support of HARQ mechanism; include segmentation/re-assembly, if taken out of RLC and considered needed in L2. Possibility to cipher all flows in MAC.
5.3.2
RLC

Note:
 It is assumed that there is no need for a separate RLC protocol layer and that the functionality provided via the RLC layer in UTRA will be provided via either MAC or PDCP in E-UTRA.
5.3.3 
5.3.4 PDCP
The following functions are assumed to be provided by PDCP

· Error recovery  (e.g. with respect to handover between Node Bs and with respect to relocation)
Note:
From R2-051759: Compression kept. Location of compression (AN, CN) was mentioned as needing discussion (linked to IPSec also…)
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