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Introduction

In current system, since HARQ was included in the standard in a later phase, the segmentation/concatenation and concatenation scheme adapting to the standard change finally became a more complex and less efficient one.  While in LTE, we have the chance to improve the situation. In this contribution, we discuss some related aspects of segmentation in E-UTRAN and propose one data segmentation/concatenation scheme for LTE. The document is ranged in the following way that section 2.1 discuss the issues related to segmentation and ARQ retransmission for AM services, section 2.2 discuss some considerations of SN allocation and section 2.3 provide our adaptive header scheme 
2
Discussion
2.1 Segmentation/concatenation and ARQ Retransmission
There are some contributions discussing about the ARQ PDU format and the segmentation/concatenation scheme, some possible approaches have been presented. One is no segmentation in ARQ level i.e. the retransmission would be based on complete upper layer SDU and the other is allow segmentation that construct PDU according to radio condition and scheduling information to reduce padding. The first approach will lead to retransmit whole IP packet even if part of the SDU lost, which will reduce the transmission efficiency. The second one need to support re-segmentation to some extent if the original ARQ PDU could not fit for the new scheduled resources during retransmission, which will introduce extra overhead inevitably. In our point of view, compared to the retransmission of whole IP packet, re-segmentation could be supported in case of radio condition changes. An adaptive and flexible header scheme should be selected to reduce the overhead. 
Proposal:  Re-segmentation can be supported for the Outer ARQ operation. 
2.2 Sequence Number Allocation 
Due to the security decision in the joint meeting with SA3, there should be a sequence numbering function in aGW. A problem occurs on whether to reuse such sequence number. If the upper layer PDU SN says PDCP SN is reused by the eNB, extra mechanism should be introduced to let eNB read such value. Besides, the overhead may not be reduced depending on the packet size, segmentation situation and retransmission scheme. For example, if large packet divided into several parts, the PDCP SN needs to be added to each of the blocks as well as the sub-sequence number. In such situation, the ARQ PDU header assumption could be saved by introducing eNB level SN. Accordingly, the feedback could also be minimized as for the first transmitted PDU or retransmission PDU without re-segmentation. 
Proposal: Sequence numbering should locate in ARQ entity for re-ordering and reassembly.

2.3 Data header for segmentation/concatenation
In this section, adaptive header scheme is provided to support re-segmentation and minimize the PDU overhead for AM services PDU. Due to the possible multiplexing before HARQ operation, different retransmission PDUs could be either re-concatenated in Outer ARQ entity or multiplexed in MUX unit into one transport block to HARQ. So far, we think that multiplexing of different retransmission PDUs will be simple and clear. Re-segmentation information should be included in the header fileds to assist receiver to recover the PDU. The limitation of the re-segmentation could be configured for services with different SDU size and QoS arrtributes. For example, the limited depth of segmentation i.e. the maximum number of re-segmentation times. Besides, re-segmentation information could be also included in feedback to let transmitter know which data is received successfully and which should be retransmitted. The suggested header structure is illustrated blow to meet these requirements. 

[image: image1]
Figure 1 proposed header structure
In figure 1, upper layer PDU would be segmented and concatenated into ARQ PDU according to radio condition and scheduling information. It is FFS that control PDU need to be piggybacked into data PDU because the padding could be minimized in LTE. The ARQ PDU header may include several fields. The TYPE field indicate the PDU is the data PDU or control PDU. If the TYPE indicates the PDU is a control PDU then no H and LEN fileds needed in the header but some other specific fields for control PDUs, which is out of our discussion scope. LEN field is used to indicate the location or size of each upper layer PDU. H field represents segmentation information, which at least contains sequence number and segmentation depth depending on whether the re-segmentation is performed. In respect that only re-segmentation is supported for retransmission, there is only one SN value for each ARQ PDU. To sum up, for each transport interval, there might be one new data PDU, one or more retransmission PDU and/or one control PDU forwarded for multiplexing. SD field indicate the segmentation depth i.e. this PDU is under the nth segmentation. If the SD field suggests that there is no re-segmentation of the original ARQ PDU, then no F, SSN fields are needed. Otherwise the following two fields are used to show the sub sequence number after this segmentation. Table 1 provide detailed description of each sub field in H field.
Table 1 explanations of H
	SN
	Sequence number, which allocated in the ARQ entity for each ARQ PDU. 

	F
	2 bits field indicate this re-segmented PDU is the last segment of corresponding previous transmission PDU but the previous transmission PDU is not the first transmission PDU (F=01), or the PDU is the last segment of corresponding first transmission PDU (F=10), or the PDU is not the last segment of the previous transmission PDU (F=00). 

	SD
	Depth of the first transmitted ARQ PDU segmentation.  If there is no re-segmentation involved, SD should be 0, and no following fields. If the retransmission under re-segmentation happens, SD indicates the re-segmentation degree. For example, if the first transmitted ARQ PDU is retransmitted three times, totally transmitted four times. If it is segmented for every transmission, SD should be 3. If it has not been segmented during one retransmission, then SD should be 2.
Maximum value of SD can be configured according to the QoS requirement. If the maximum SD value is reached, no re-segmentation is allowed, the following retransmissions are based on last transmission PDU format.

	SSNi
	The sequence number of the segment in the ith re-segmentation. 
In figure 1, m is the number of SSN field, each SSN field has identical length. If there is m SSN, with n bits each, then total length of all SSN filed is m*n.  
SSN number, m, is determined by the current SD value, i.e. if the current SD is 2, then there are 2 SSN fields. So the SSN number depends on SD. If the upper ARQ re-transmission times is small, m can be small, thus reducing the header length. And SSN length, n, can be configured to limit the maximum number of segments of transmitted PDU during one transmission. For example, when n is set to be 2, totally 4 segments are allowed in one transmission. In one word, the SSN field length can be small, flexible and efficient. 


Head definition example：
In order to explain this scheme well, a detailed example of H field setting is provided in the following. Suppose there are 2 bits in total of SD field and 2 bits in total of each SSN field. We assume that there is an ARQ PDU with SN=4 for the first transmission. The header of it is,

	SN
	SD

	4
	00

	If the PDU is not correctly received by the receiver, and the transmitter retransmits it with re-segmentation into two re-transmission PDUs then the headers of them are,

＃ of segment
	SN
	SD
	F
	SSN

	4.1
	4
	01
	00
	SSN1=00

	4.2
	4
	01
	10
	SSN1=01


If both of the segments are re-transmitted unsuccessfully, and the re-segmentation happened to both of the PDU into two parts, then the headers will become:

	＃ of segment
	SN
	SD
	F
	SSN

	4.1.1
	4
	10
	00
	SSN1=00
	SSN2=00

	4.1.2
	4
	10
	01
	SSN1=00
	SSN2=01

	4.2.1
	4
	10
	00
	SSN1=01
	SSN2=00

	4.2.2
	4
	10
	10
	SSN1=01
	SSN2=01


The receiver will get the above four PDUs and will reassemble the upper layer PDU using the H field. 
Proposal: Adaptive E-MAC PDU header scheme can be supported
3
Conclusion
The following descriptions about the segmentation/concatenation were proposed to add to section 6 of TR 25.813. 
· Sequence number should be allocated in ARQ entity for each ARQ PDU of services using ARQ and HARQ, or only HARQ function. It is FFS of allocation SN for services without HARQ. 

· Segmentation/ concatenation should be performed in ARQ entity and re-segmentation is supported for ARQ retransmission.

· For each transport interval, there might be one new data PDU, one or more ARQ retransmission PDU and/or one control PDU forwarded from ARQ entity to multiplexing unit.

· Segmentation information should be included in the ARQ PDU header. This information will include sequence number and segment depth information at least for first transmission PDU.  It will include extra PDU ending indication and sub-sequence number for re-segmented ARQ PDUs. 

· The segmentation information should be also included in the feedback from receiver to transmitter.

· The maximum degree of re-segmentation times and the maximum number of segment of one PDU during one transmission could be configured.
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