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1 Introduction

This document presents our proposal for an efficient and simple method for advantageously shape IP data traffic onto the variable physical resources. 

2 Discussion

As highlighted in several documents from a number of companies, it is beneficial to perform segmentation and concatenation functions as close as possible to the air interface in order to couple these functions with the scheduling algorithm. By doing so, it is possible to optimize the size of the transport block given to the physical layer to the available physical resources and the buffer status. In HSDPA, this was partially achieved by concatenating several MAC-hs PDUs within one transport block, whereas the size is set according to the physical channel quality. However, this method is based on fixed size RLC PDU that tends to cause a significant total overhead (header and padding).

In this document, we propose an alternative solution, which is at the same time flexible, spectrum efficient and requires a minimum L2 overhead. 

2.1 E-MAC architecture

Figure 1 shows the E-MAC architecture and the corresponding data flow. More details on the E-MAC architecture can be found in [1]. 
E-MAC receives SDUs, e.g. IP packets, from upper layer via logical channels, each logical channel being uniquely identified by an identifier. The received SDUs are stored in a buffer for further processing. SDUs from one logical channel are segmented and/or concatenated into MAC-O PDUs. 
The forming of MAC-O PDU is for example based on the selected transport block size by the scheduler and QoS attributes of the logical channel. Padding should be avoided when constructing MAC-O PDUs. Depending on the data transfer mode the transmitted but not yet acknowledged MAC-O PDUs of a logical channel are stored in the outer ARQ retransmission buffer, e.g. for AM mode. MAC-O PDUs from different logical channels can be multiplexed into one Transport Block, which is then passed to the physical layer. In order to allow for different resource allocation methods, i.e. MIMO-transmission, localized/distributed mode or persistent scheduling, the transmission of multiple Transport Blocks to a UE in a sub-frame should be supported as outlined in [4]. In this case, there are multiple data flows for one UE, i.e. one flow per Transport Block.  

In the following the forming of MAC-O PDUs and the generation of Transport Blocks is described in more detail. 
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Figure 1 - L2 architecture/ Dataflow

3.1 Forming of MAC-O PDUs  

As explained before IP packets of one logical channel are segmented and/or concatenated into a MAC-O PDU. The segmentation/concatenation is done based on the scheduling algorithm. Based on information such as selected Transport Block size, the QoS of the different users and logical channels and the buffer status the scheduler should indicate the size of the MAC-O PDU of a scheduled logical channel that the segmentation/concatenation function should generate. When forming MAC-O PDUs padding should be avoided.
Given the size of the MAC-O PDU and the size of the IP packets of a logical channel, the segmentation function may 

1. be transparent (single IP packet is transmitted)

2. perform concatenation of IP packets (multiple IP packets are transmitted)

3. perform segmentation of IP packets (at least one IP packet fragmented)

The segmentation/concatenation process for one logical channel is illustrated in Figure 2. IP packet 1 and 2 are transmitted as full packet. For IP packet 3 segmentation takes place and the IP packet segments (block#3) will be marked as such. The IP packet segments that are not delivered to the lower functions are kept in the buffer in-sequence. The size of the generated MAC-O PDU should take into account the associated header that will be generated. Generally, the need to segment IP packets depends on the selected MAC-O PDU size.
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Figure 2- IP packet segmentation

Due to the way the IP blocks are segmented/concatenated in order to generate a MAC-O PDU, the following four types of information are mandatory in the header.
·  Block Length Indicators (LI) 

· The block length indicators are required to indicate the length of the different blocks that are composing the MAC-O PDU. There should be at least as many length indicators as there are blocks in the PDU. The packet size usually does not exceed 1500 byte and thus at most 11 bits will be required per length indicator assuming byte alignment while keeping full flexibility. Packets that exceed the length indicator size will be segmented and transmitted in multiple MAC-O PDUs. Optimizations of the length indicator size for different services such as VoIP are possible but are out of the scope of this document. 

· Segmentation Indicators (SI) 

· Two flags are used to indicate whether the first and/or the last blocks in the MAC-O PDU are IP packet fragments or full IP packets. It is not necessary to indicate the status of other blocks since by construction they must be full IP packets. This information is important for the receiver in order to reassemble correctly segmented IP packets. Only two bits for the complete MAC-O PDU are necessary.


	SI
	First IP Packet 
segmented at the front
	Last IP packet 
segmented at the end

	00
	No
	No

	01
	No
	Yes

	10
	Yes
	No

	11
	Yes
	Yes


· Transmission Sequence Number (TSN) 

· A sequence number should mark the position of the MAC-O PDU within a MAC-O PDU sequence to allow for a outer ARQ retransmission on top of HARQ and for also for re-ordering purpose.  The receiver uses the sequence number in order to recover missing MAC-O PDUs by ARQ and to reorder the arriving MAC-O PDUs that might have been shuffled due to the HARQ protocol. Compared to the current implementation in UMTS Rel-6, only one sequence numbering would fulfill the tasks of the RLC SN and the MAC-hs TSN. The TSN is assigned on MAC-O PDU level, i.e. for each MAC-O PDU the TSN is incremented by 1. The length of this sequence number depends on various factors and may even be service specific (e.g. depending on peak data rate or maximum number of outer ARQ retransmission). Since the numbering applies to the MAC-O PDU and not RLC PDU as in UMTS Rel-6 and due to much shorter round trip times, a shorter range should generally be possible. 

· Re-fragmentation flag (R) 

· The Re-fragmentation flag indicates whether a sub-TSN is following or whether Segmentation Indicators are next in the header structure. A sub-TSN is only used in case of a re-fragmentation for ARQ retransmissions. More details on the re-fragmentation of MAC-O PDUs will be given in section 4.1.

Figure 3 shows the basic MAC-O PDU format. 
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Figure 3- Basic MAC-O PDU format
Thanks to this simple header structure, the reordering and reassembly procedures at the receiver are greatly simplified. Indeed the TSN enables a direct reordering at MAC-O PDU level. Since blocks are generated in sequence at the transmitter, no further reordering function is needed.

Moreover, the segmentation indicators provide a reliable and robust way to perform efficient reassembly. It is possible to indicate when blocks that are spread over two or more MAC-O PDUs should be reassembled to form the source packet. A block located at the end of the MAC-O PDU that is marked as fragmented needs to be combined with the block located at the beginning of the next MAC-O PDU. Of course, this later block shall be also marked as fragmented. In contrary to the current LI scheme, each MAC-O PDU carries all necessary information on its own structure. This property reveals to be very beneficial when a MAC-O PDU is lost since the receiver is not forced to drop already correctly received MAC-O PDUs due to uncertain segmentation information (error propagation). 

An example depicting how the segmentation information is used by the receiver is given in Figure 4. Here, block 3 and 4 and block 5 and 6 should be combined together in order to reassemble the source IP packets. By construction, a reassembly is always operated on blocks that span at least two MAC-O PDU. Two blocks in the same MAC-O PDU will never have to be reassembled together. Furthermore, in case a MAC-O PDU is lost (e.g. PDU#0), the segmentation information contained in the PDU#0 clearly indicates that block 1 is to be kept and to be delivered to upper layer.
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Figure 4 Segmentation example using simple MAC-O PDU structure

Benefits:

· By construction, the proposed MAC-O PDU format has a very efficient overhead as no padding is necessary and only one SN field is introduced. Moreover, the complete segmentation information that is required at the receiver side can be carried by only two bits per MAC-O PDU. 

3.2 Transport Block Generation

The role of this function is to generate a transport block, which is then passed to physical layer for transmission. As already outlined before a Transport Block might be comprised of MAC-O PDUs from different logical channels based on the scheduling decision. The Transport Block Generation function appends the necessary header information to the MAC-O PDUs. Figure 5 shows the format of a Transport Block.
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Figure 5 Transport Block format
The following information is needed in the header in order to allow for a correct processing of received Transport Blocks at the receiving side:

· Logical Channel Identifier (LCID)

· The logical channel identifier is required to separate MAC-O PDUs from different logical channels transmitted in one Transport Block at the receiving side. 

· Length Field  (LF) 

· The Length Field indicates the size of the corresponding MAC-O PDU.

4 Outer ARQ mechanism

As expressed in several past contributions, it is expected that a simple and efficient retransmission protocol is required on the top of HARQ in order to recover from potential HARQ protocol errors such as NACK ->ACK misinterpretation or when the maximum number of HARQ transmission attempts is reached. Data loss due to mobility should be prevented by other mechanism than outer ARQ as discussed in [2]. It is proposed to introduce this retransmission protocol at MAC-O PDU level as shown in Figure 1. A simple ARQ protocol was presented in [3], which relies on a HARQ assisted ARQ operation. The HARQ transmitter generates local ACK/NACK feedback to the corresponding ARQ transmitting entities based on received reports from HARQ receiving entity, i.e. NACK/ACK error report, or based on the HARQ transmission status. 
Proposal: 

A simple ARQ scheme on top of the HARQ protocol is proposed to recover from HARQ protocol errors. 

4.1 Re-fragmentation

After transport block generation, the format of the initial transmission and subsequent HARQ retransmissions is decided. Outer ARQ retransmissions are based on MAC-O PDU level as explained before. It may happen that the available physical channel resources selected for the initial HARQ transmission of the MAC-O PDUs, stored in the Retransmission Buffer, is not sufficient for subsequent outer ARQ retransmission and it may be beneficial to change the transport format. In the following, this process will be called re-fragmentation.. This should be a rare case since E-UTRA will have very quick retransmission times due to the small TTI and assuming synchronous HARQ retransmissions. Even in case the HARQ protocol fails the retransmissions of the outer ARQ protocol should be relatively quick assuming the termination of this protocol at NodeB. Usually outer ARQ retransmission should also have a higher priority compared to initial transmission. Nevertheless, it can be argued that the channel conditions could be quite different for high speed UE’s or if the transmission time takes long for some reason such as preemption. In worse channel conditions, the code rate or other transmission parameter can be changed for successful decoding. Still re-fragmentation may be needed if the physical resources available are not sufficient to transmit that MAC-O PDU successfully. We therefore think that re-fragmentation should be supported for outer ARQ retransmissions. 

 In order to allow the possibility to divide a MAC-O PDU into several sub-PDUs, we have to introduce an additional TSN, which is also referred to as sub-TSN in the following. The principle is shown in the figure below.  
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Figure 6 Re-fragmentation of a block

In this example MAC-O PDU with TSN=1, which contains only Block1 (IP packet) is further divided into 2 sub-PDUs since physical channel resources are not sufficient for the outer ARQ retransmission. The Re-fragmentation flag indicates when set to 1, that a further TSN field, i.e. sub-TSN, is following. In case the flag is set to 0 the Segmentation Indicators are next in the header structure. The re-fragmentation flag needs to be always present in the basic MAC-O PDU header structure, thereby increasing the header by only one bit. An additional sub-TSN is only required for the case of outer ARQ retransmission with re-fragmentation, which is not likely to happen frequently. Therefore the additional overhead caused by support of re-fragmentation is considerable low. The new sub-TSN indicates the sub-PDU number. Based on sub-TSN and Segmentation indicators receiver is able to rebuild the re-fragmented PDU. It should be noted, that the size of a sub-TSN is smaller than the size of the first TSN, which is assigned on MAC-O PDU level.   

3 Conclusion 

This document proposes an efficient and simple method for advantageously shape IP data traffic onto the variable physical resources. The data framing is based on variable and dynamic segment length. Padding is avoided by adapting the Transport Block size to the physical layer conditions. It’s suggested to discuss the proposed method and to agree on the basic concept. 
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