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Introduction

Since HARQ is included in the standard in a later phase, the segmentation/concatenation and concatenation scheme adapting to the standard change finally becomes a more complex and less efficient one. At the previous RAN2 meeting, segmentation/concatenation enhancement in R7 is introduced [1].
While in LTE, we have the chance to improve the situation. In this contribution, we propose one data segmentation/concatenation scheme for LTE. Suggested segmentation/concatenation scheme is introduced in section 2. Section 3 provides analysis of the co-working between it with other user plane functions in LTE.
2
Proposed scheme
2.1 Segmentation/concatenation location
In LTE, it is proposed that E-Node B supports more functions. Downlink scheduling will be located in E-Node B to make use of the channel condition. Framing is also possible to reside in E-Node B.
If the segmentation/concatenation function locates in Anchor, how to determine the size of PDU will be problematic. Smaller PDU size will lead to a larger portion of head consumption and a limitation of the peak throughput [2]. Bigger PDU size will result in a reduction of coverage considering the physical layer capability in the worst channel condition. On the contrary, segmentation/concatenation in E-Node B can dynamically select the segmentation/concatenation size based on the channel condition, thus reducing the padding bits and improving the peak throughput. 
Conclusion: Segmentation/concatenation is done in E-Node B

2.2 Segmentation/concatenation times 
In Rel6, segmentation is done once in RLC layer and concatenation is done twice in both RLC layer and MAC layer. The current scheme leads to padding possibly twice and more header overhead, which is unnecessary on some occasions. When the segmentation/concatenation is done in E-Node B, segmentation/concatenation once is efficient, flexible and enough. 
To ensure the reliable and in-sequence data delivery, sequence number will be added to the IP packets （SDU） coming to E-URTAN, forming the PDU. The PDU delivered to E-MAC layer is segmented or concatenated according to the channel condition. 
Conclusion: Segmentation/concatenation is done once in E-MAC
2.3 Data header for segmentation/concatenation
As mentioned in 2.2, Sequence number will be added to the SDU to form the PDU. Sequence number might be allocated in the Anchor or in the E-Node B. No matter where the sequence number is added, the segmentation/concatenation is done based on the numbered PDU. Segmentation/concatenation function location is illustrated in figure 1, 2 
Figure 1  Adding sequence number in Anchor

Figure 2 Adding sequence number in E-Node B
If the ARQ is based on non-segmented upper layer SDU, then part of the SDU lost will lead to retransmit whole IP packet which will reduce the transmission efficiency. As a result, in order to adapt to the channel condition and the current traffic, the re-segmentation/re-concatenation is supported to retransmit the error part of one whole SDU. For example, when the available physical payload is smaller than the initial transmission, re-segmentation is needed.  Re-segmentation/re-concatenation information should be included in the header filed to assist receiver to recover the PDU. At the same time, 
variable limitation of the re-segmentation/re-concatenation of different services should be supported by the header scheme, considering the different SDU size and QoS attribute of services. For example, the limited depth of segmentation/ concatenation i.e. the maximum number of re-segmentation times. Besides, re-segmentation/ re-concatenation information could be also included in status report to let transmitter know which data is received successfully and which should be retransmitted. One adaptive header structure is suggested to meet these requirements. 
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Figure 3 proposed header structure
In Figure 3 ,L2 PDU 
contains exact one SDU payload , SN and Type field. Type is used to identify the user data and control information.  SN is the sequence number allocated to the SDU. L1 PDU  means the input data for L1 processing in one TTI.  Q is the queue ID. TSN is used for lower ARQ ordering.  The adaptive header for segmentation/concatenation is illustrated as H1. Table 1 gives the  explanation of H1.
Table 1 explaination of L1

	SN
	Sequence number of the L2 PDU, it should be included in each segment of this PDU

	F
	Whether this segment is the last one piece of the L2 PDU of each transmission, 1: yes.

	SD
	Depth of the L2 PDU segmentation.  For example, if the L2 PDU is retransmitted three times, totally transmitted four times. If it is segmented every transmission, SD should be 4. If it hasn’t been segmented at the first time, then SD should be 3. If this is a whole PDU, then SD should be 0, and F should be 1.
Maximum value of SD can be  configured according to the QoS requirement

	SSNi
	The sequence number of the segment in the ith segmentation. 
In Figure 3, m is the number of SSN, each SSN 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 2 of SSN field. 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 a SDUduring 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. 

	LI
	Length indicator of this segment


Head definition example：
For example, for the first time transmission, numbered SDU #1 is segmented into 3 parts. The header of each is,

	＃ of segment
	SN
	F
	SD
	SSN

	1
	1
	0
	01
	SSN1=00

	2
	1
	0
	01
	SSN1=01

	3
	1
	1
	01
	SSN1=10


If the second part is not received by the receiver, and the transmitter retransmit the second part. Supposing this part needs to be segmented into two parts again due to the radio condition, then the headers of the re-segmented parts are,

	＃ of segment
	SN
	F
	SD
	SSN

	2.1
	1
	0
	10
	SSN1=01
	SSN2=00

	2.2
	1
	1
	10
	SSN1=01
	SSN2=01


If both of the segments are transmitted successfully, there are four correct segments of the same SDU in receiver side,
	＃ of segment
	SN
	F
	SD
	SSN

	1
	1
	0
	01
	SSN1=00

	3
	1
	1
	01
	SSN1=10

	2.1
	1
	0
	10
	SSN1=01
	SSN2=00

	2.2
	1
	1
	10
	SSN1=01
	SSN2=01


The receiver knows they are from the same SDU according to SN field, knows the sub-SSN field number by SD field, knows their order by SSN field, knows they make up of one SDU by F field.
Conclusion: 
1, Re-segmentation/re-concatenation can be supported

2, 
Adaptive E-MAC PDU header scheme can be supported 

3
Co-working with other user plane functions
3.1 Upper ARQ retransmission

For AM service, the sender should store the segment until it gets the acknowledgement.

When receiver needs to inform the sender to retransmit the segment of the PDU, it should include the SN, SD, SSN in the status information. Comparing with the unnecessary retransmission of whole PDU, status report consumption is smaller. 
When sender gets the status report, it can use the SN, SD, SSN information to pick up the segment for retransmission. When framing, if this segment needs to be segmented again, it should store the latest segmentation result.
3.2 Mobility
When data forwarding between E-Node Bs is used, the source E-Node B can forward all stored segments to target E-Node B without any additional status information. Target E-Node B sends the segments with the same mechanics. 
When anchor involved handover is used, segments can be passed to target E-Node B through anchor. 
When bi-casting without data passing through anchor is used in FCS, during the bi-casting period, receiver may prohibit 
sending status report to get a whole picture of segments transmission situation of one PDU. When handover is over, the receiver can generate a complete status report. The target E-Node B can send the retransmitted data based on this status report which might be allowed to retransmit the whole IP packet.

4
Conclusion
The following descriptions about the segmentation/concatenation were proposed to add to section 6 of TR 25.813. 
SDU from upper layer could be numbered in either GW or eNode B before segmentation/ concatenation. Segmentation/concatenation is done once during one transmission ARQ operates on segmented SDU, and re-segmentation/re-concatenation is supported for retransmission.

MAC SDU sequence number, times of segmentation/ concatenation and sub-sequence number of segmented data during ARQ operation should be included in PDU header and status report to provide the re-segmentation/ re-concatenation information. The maximum degree of re-segmentation/ re-concatenation times and the maximum number of segment of one SDU during one transmission could be configured.
4.
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�不是为了方便，时为了区别不同业务的不同要求


�是图中的L2 PDU


�我的原意是说在这种情况下，接收端需要将b-casting的数据的同一个SDU的接收状态都保留着来得到一个总的接收状态，生成一个新的status报告给目标nodeB，目标NodeB根据这个报告发送。你说得是重传SDU。我觉得这两种解决方法都是可行的，可以都写出来。如果numbering是在目标NodeB作的，需要考虑SN同步的问题，提一下就可以了。
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