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1. Introduction
It has been decided that the dual ARQ should be supported in LTE L2 during the RAN2#48bis meeting [
] to provide enough transmission reliability for upper TCP/IP protocol.
The placement and operation of segmentation/concatenation function in dual ARQ structure play an important role which will affect the efficiency of retransmission and flexibility to adapt to the physical conditions change.
In this document, we discuss two dual ARQ structures in detail that are most outstanding to be adopted in LTE:
· Dual ARQ with flexible segmentation, and
· Dual ARQ based on BTE

2. Discussion
2.1. Dual ARQ with flexible segmentation

2.1.1. Scheme description
As discussed at the previous meeting, the semi-static sized ARQ PDUs used in Rel99~6 will lead to lower transmission efficiency. In order to meet the delay and throughput requirements of LTE, one possible dual ARQ structure is that upper ARQ operates without segmentation/concatenation, while HARQ executes segmentation/concatenation dynamicly according to the radio condition and available resources. Such a structure can reduce unnecessary header and padding overhead of ARQ PDUs. But the ARQ retransmission may be inefficient since a whole IP packet has to be retransmitted even if it has been partly received. The influence to the system performance mainly depends on the residual HARQ error rate and the achievable HARQ level throughput as shown in reference [
].

To solve the problems mentioned above, a new structure is proposed in this section, which introduces dynamic segmentation at ARQ. We assume both ARQ and HARQ are located in E-Node B. So the ARQ can also capture the CQI information rapidly. The main characters of the proposed scheme are summarized in Table.1 from the view of transmitter.

Table.1: Characters summarization of the proposed scheme

	Functions
	ARQ
	HARQ
	Comment

	Segmentation
	dynamic segmentation
	No
	

	Concatenation
	No
	Yes
	

	Padding
	No
	Yes(if necessary)
	

	Error correction
	Yes
	Yes
	


In the proposed scheme, ARQ will execute segmentation dynamicly based on the data amount (which is decided by the channel quality and the available resource etc.) that can be transmitted by HARQ layer during current TTI. This means if the IP packet is larger than the data amount which can be carried by one HARQ PDU, it will be segmented by ARQ to fit the HARQ PDU size. In this situation, the ARQ PDU contains part of the IP packet and the header. Otherwise, no segmentation is executed and the upper ARQ PDU contains the whole IP packet and header. It should be noted that concatenation and padding functions are both eliminated from ARQ, which will reduce the header and padding overhead. Since segmentation has been considered based on current CQI in ARQ layer, the HARQ PDU will contain either one ARQ PDU or multiple ARQ PDUs. Therefore, concatenation should be kept in HARQ layer, while segmentation can be removed. Although segmentation in ARQ layer would try to eliminate the padding in the HARQ PDU, it seems very hard to remove the padding completely due to the discrete HARQ PDU size. Anyway, the padding will be partly eliminated or minimized by the dynamic segmentation function in ARQ.

Fig.1 provides an intuitionistic expression of the segmentation/concatenation function in proposed dual ARQ structure.
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Fig.1: Segmentation/concatenation in dual ARQ structure with flexible segmentation

Besides ARQ SN(sequence number), a new field named ISI(IP Subsegment Indication)is added to ARQ PDU header. Table.2 shows the description to ISI.
Table.2: Description to ISI

	Bit
	Description

	00
	ARQ PDU contains a complete IP packet

	01
	ARQ PDU contains the first segment of a IP packet

	10
	ARQ PDU contains a medium segment of a IP packet

	11
	ARQ PDU contains the last segment of a IP packet


With the help of SN and ISI carried in ARQ PDU header, the receiver can finish the reassembly work for an IP packet.
Since the segmentation function is kept in ARQ, only the erroneous parts (ARQ PDUs) of the whole IP packet need to be retransmitted, which improves retransmission efficiency. But the problem is that the ARQ PDUs size might not be appropriate at the time of retransmission due to change in the radio conditions and/or available resource allocation as described in [2]. To resolve this, one possible solution is permitting secondary segmentation of the retransmission ARQ PDU. In this case, all subsegments from same retransmission ARQ PDU have the same ARQ SN. A new field named “SSI (Secondary Segmentation Indication)” need to be introduced in ARQ PDU header, which is used by the receiver to reconstruct the IP packet. For the purpose of simplification, the number of the subsegments should be set to a fixed value. For example, when one retransmission ARQ PDU is only allowed to be divided into two subsegments, then SSI is designed as Table.3.

Table.3: Description of SSI

	Bit
	Description

	0
	No secondary segmentation is executed

	10
	Secondary segmentation is executed and the ARQ PDU contains the first subsegment.

	11
	Secondary segmentation is executed and the ARQ PDU contains the second subsegment.


If secondary segmentation is permitted, the ARQ PDU header will contain three fields shown in Fig.2.
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Fig.2: ARQ PDU header structure
IP packet will be resumed according to SN, ISI and SSI carried in ARQ PDUs.

2.1.2. Advantages

The advantages of this dual ARQ structure are summarized as follows:

· The overhead is reduced since no padding and concatenation are permitted in upper ARQ.

· HARQ PDU padding is eliminated or minimized because of dynamic segmentation based on the radio condition and available resources.

· Retransmission efficiency gets improvement when only erroneous parts (ARQ PDUs) of IP packet need to be retransmitted.

· The mechanism of secondary segmentation enhances the flexibility to adapt to the change of CQI in ARQ retransmission.

2.2. Dual ARQ based on BTE

2.2.1. Definitions
Some definitions are given below for convenient illustration.
BTE (Basic Transmission Element): The data units with equal size produced after segmentation or padding of IP Packets, shown in Fig.3. The BTEs are small enough to adapt flexibly to the radio condition and resource allocation when special amounts of BTEs are concatenating into a data block. An ARQ PDU header will be added on each BTE to form an ARQ PDU.
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Fig.3: BTE structure
ARQ PDU: The unit associated with an ARQ SN is handled during ARQ transmission and retransmission procedures. ARQ PDU involves two parts: ARQ PDU header and ARQ PDU data, viz. one BTE, shown in Fig.4. ARQ PDU header consists of ARQ SN, SI (Segmentation Identity) which is used for indicating whether the ARQ PDU data field includes the tail of an IP Packet, and PLI (Padding Length Identity) which indicates the padding length in BTE.
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Fig.4: ARQ PDU structure
CBB(Continuous BTEs Block): CBB is a data structure produced by combining special amounts of BTEs, shown in Fig.5. There are two parts in a CBB, the control field and data field. Data field is made up of some BTEs in ARQ PDUs with continuous ARQ PDU SN and belonging to same SDU. The control field includes the ARQ SN corresponding to the first BTE in data field, the SI which indicated whether the last BTE of a SDU is involved in data field, and N to show how many BTEs are concatenated, as well as PLI educed from PLI in ARQ PDU used for indicating the padding length in CBB. 
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Fig.5: CBB structure
HARQ PDU: The unit handled during HARQ transmission and retransmission. HARQ PDU is consists of one or more CBBs in term of the radio condition and resource allocation strategy. Of course, distilling all the control fields from CBBs to form a HARQ PDU header is acceptable, which leads to another alternative of HARQ PDU structure.
2.2.2. Scheme description
Fig.6 presents the transmitting and receiving procedures, which is only a sketch map for introduction. Two parts can be found in the chart, Transmitting Side on left and Receiving Side on right.
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Fig.6: Dual ARQ based on BTE

Segmentation/Padding & Framing in Transmitting Side
In Segmentation/Padding & Framing function, IP packet is segmented to BTEs when the size of IP Packet is larger than a BTE. Tail segment of IP Packet after segmentation or the IP Packet smaller than the BTE, will be filled by padding to achieve the equal length. Concatenation among different IP Packets is forbidden. 
An ARQ PDU header is added on every BTE to create an ARQ PDU.
Header Combination/Concatenation
In order to accommodate the radio condition and resource allocation well, special amounts of ARQ PDUs are delivered to the Header Combination/Concatenation function to produce a HARQ PDU. The ARQ PDUs with consecutive ARQ SN that belong to same SDU are combined into a CBB. Different CBBs will be concatenated in series. Instead of simple arrangement, some efficient concatenation methods should be adopted to decrease the overhead in HARQ PDU, which can be realized while taking account of the equal size among BTEs, for example, with the help of PLI field in ARQ PDU header, the padding in BTEs can be removed after combining and concatenating into a CBB.
HARQ procedures in Transmitting and Receiving Side
The HARQ procedures in Transmitting Side and Receiving Side are similar with R6. All residual error produced by HARQ layer will be resolved in ARQ.
CBB Extraction in Receiving Side

Unlike current system that receiver carries the symmetrical opposite procedure in transmitter, the HARQ PDUs are disassembled into CBBs created by Header Combination/Concatenation function in Transmitting Side but ARQ PDUs, since the data field of CBBs formed by BTEs associated with successive ARQ SN are an original part of an IP Packet.
Reordering in Receiving Side
With the ARQ SN associated with the first BTE in CBB submitted by CBB Extraction function, also the BTE size known by receiver, each ARQ SN for corresponding BTEs in the data field of a CBB can be calculated in Reordering function. Status report will be created and sent back for triggering ARQ retransmission procedures in transmitter when homologous BTEs are not received correctly.
Assembly in Receiving Side
When the SI associated with a CBB is detected, Assembly function assembles the data fields in CBBs received previously to resume a whole SDU.
2.2.3. Advantages
· Increase the efficiency and flexibility while retransmitting
The dual ARQ based on BTE can accommodate the mutative radio condition and resource allocation flexibly by combining/concatenating various amounts ARQ PDUs that include a BTE each into a HARQ PDU. During the ARQ retransmission procedure, different number of ARQ PDUs can be again combined/concatenated to adapt to the changed radio condition and/or  available resource, none special treatment needed for ARQ PDUs.
· Simplifying the Segmentation and Concatenation function
In this dual ARQ structure, only simple segmentation function is needed for segmenting/padding the IP Packet to the BTEs with fixed size. And the function in concatenating/combining ARQ PDUs into HARQ PDU is also simple as the operating objective only involves new and retransmitted ARQ PDUs with same size. Since no fragments are produced during the segmentation/concatenation procedure, the buffer management is also simple.
· Without limit to the termination of Upper ARQ
The size of BTE is a static or semi-static value, so the ARQ function terminated in E-Node B or above E-Node B are all supported.
3. Proposal

Two types of dual ARQ structures are proposed for the consideration of radio environments adaptability, resource allocation and re-transmission efficiency. It is proposed to take account of these structures as candidates in L2 of LTE for further study.[image: image7.png]
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