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Introduction

After the discussion in previous meeting, ARQ sub-layer is considered as separated from the MAC layer temporarily until the location of such functionality is determined. In this document, we discuss some internal functions of ARQ sub-layer irrespective with undetermined network aspects. 

2
Discussion
2.1 ARQ and Multiplexing
In current R6 system, ARQ protocol is implemented in RLC entity which is generated for each service. There are multiplexing functions in MAC layer to perform dedicated logical channel multiplexing (C/T MUX) and common logical channel multiplexing (TCTF MUX). In LTE, due to different features, some modification and simplification should be considered. We think that ARQ entity could be generated either for each service like legacy RLC entity or for multiplexed service flows that have same QoS requirement from one UE. The latter scheme could help to decrease ARQ entities in both network and UE side, which will reduce the complexity. Besides, such multiplexing could make full use of radio resources in one TTI for specific UE. However, extra fileds in the PDU header may be necessary to identify which service flow it comes. Further evaluation should be taken on the pros and cons of such functions. But now, this function should not be excluded to be considered. As a result, there are one or more ARQ entities for each UE. For UM type of services, ARQ entity may only perform segmentation/ concatenation, sequence numbering and reassembly (receiver side) functions， which is FFS.
Proposal: There are one or more ARQ entities for each UE, multiplexing before ARQ should not be excluded for further study.
2.2 ARQ and segmentation/concatenation

Due to the inefficiency of segmentation/concatenation scheme in R6, this function needs to be simplified. We think that segmentation/concatenation should utilize radio condition information and only perform once during one transmission, i.e. only once segmentation when performing HARQ and ARQ. Another problem raised on ARQ is whether it should be performed based on non-segmented upper layer SDU or segmented PDU. Through qualitative analysis, it is unreasonable to retransmit the whole IP packet if only part of the packet could not be received correctly. In consequence, we propose that ARQ should base on segmented PDU thus re-segmentation/ re-concatenation is supported when radio condition changing. Re-segmentation/re-concatenation information should be included in the header filed and status report to assist receiver to recover the PDU and help transmitter to retransmit the desired part of data.
In addition, 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 ARQ SDU. Then the ARQ SDU delivered to E-MAC layer is segmented or concatenated according to the channel condition. It is FFS to locate such sequence numbering function whether in NB or in GW. In order to reduce PDU overhead and possibility of merging HARQ re-ordering into ARQ re-ordering, legacy TSN field in such case may be omitted. Meanwhile, the adoption of sync and async HARQ will influence TSN field modification. A replaced indicator used to indicate the new data or retransmission data would be needed either in the PDU header or associated signaling.
One adaptive header structure is suggested to support the re-segmentation/re-concatenation. The re-segmentation/re-concatenation could be configured dynamically due to different SDU size and QoS attribute of the services. Figure 1 illustrates the example of such header structure.

[image: image1]
Figure 1 proposed header structure
ARQ SDU 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. L2 PDU means the input data for L1 processing in one TTI.  Q is the queue ID. 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 ARQ SDU, it should be included in each segment of this SDU

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

	SD
	Depth of the ARQ SDU segmentation.  For example, if the ARQ SDU 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 1 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 an SDU 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. 

	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.
From the above header structure scheme, flexible segmentation/ concatenation is supported that it could allow both or either re-segmentation and re-concatenation. The header parameters could be dynamically configured to reduce the overhead for different type of services.

Proposals: 

· ARQ based on segmented PDU, re-segmentation/ re-concatenation can be supported.

· Sequence number need to be simplified, TSN may be cancelled, but further study should be taken for different HARQ scheme.
· Adaptive E-MAC PDU header scheme can be supported.

2.3 ARQ retransmission optimization
The current R6 ARQ retransmission has long latency due to Iub interface and complicated status report scheme. In LTE system, due to ARQ retransmission only cover the HARQ residual errors and the tight interaction between HARQ and ARQ, we foresee the ARQ retransmission could be simplified much. Although HARQ could provide some information to fast trigger the ARQ retransmission, status report still has its own advantages. Firstly, status report provides accumulative information of receiving side. Secondly, status report generated in L2 has CRC that is more reliable compared with HARQ feedback. Due to unreliable HARQ feedback especially HARQ ACK, the ARQ acknowledgement triggered by HARQ is hard to estimate as dependable. Besides, when ARQ works based on segmentation PDU, the receiver should feed back the segmentation information to the sender to trigger ARQ retransmission, which need status report to provide such reliability. So far, we think that the ARQ status mechanism need to be reserved but simplified by reducing varies status triggers and representation. 
Proposal: Reserving and simplifying status report mechanism could be considered as the work assumption for ARQ retransmission optimization.
3
Conclusion
This contribution gives some of our considerations on ARQ sub-layer irrespective of undetermined network aspects. The following proposals are suggested to consider in RAN2 and add to TR 25.813.

· There is one or more ARQ entities for each UE, multiplexing before ARQ should not excluded for further study.
· ARQ based on segmented PDU, re-segmentation/ re-concatenation can be supported.

· Sequence number need to be simplified, TSN may be cancelled but further study should be taken for different HARQ scheme.

· Adaptive E-MAC PDU header scheme can be supported.

· Reserving and simplifying status report mechanism could be considered as work assumption for ARQ retransmission optimization.
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