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1.
Introduction
In the last plenary, it was decided that ARQ operation is in the eNB. And basic MAC architecture was also agreed in the last RAN2 meeting in Denver.

Still, it is not clear how upper layer data, i.e. MAC SDU, is constructed into MAC PDU and how ARQ information is included into MAC PDU. In this document, we discuss further details of the framing. 
2.
Discussion
2.1
Framing

To optimize data throughput, it is essential to reduce unused bit in the MAC PDU. To this purpose, several logical channels or MAC-d flows will be multiplexed into same MAC PDU to reduce padding bits. In fact, in the section 5.3.1 of 25.813 it is stated that “The MAC layer performs multiplexing of logical channels on the same HARQ process.” The amount of data of each logical channel that is included into MAC PDU will be different according to the decision of scheduler. Accordingly, it is necessary for the MAC PDU to include information indicating each included logical channel identity and the amount of included data of each logical channel. 
And if each channel processes its data segment, then the processing load for combined MAC PDU will be reduced. In order words, dedicated entity of each channel assembles/dissembles its MAC-I (MAC internal) PDU and this MAC-I PDU are assembled into or dissembled out of one MAC PDU. This will enable stepwise processing.

Following is one example of framing.
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Figure 1 Example of Framing
In this example, each MAC-I (MAC Internal) PDU is composed of MAC SDUs from only one logical channel and MAC PDU is composed of several MAC-I PDU.

MAC Header indicates the length and the channel ID of each included MAC-I PDUs. Using this information, the receiver can decompose the MAC PDU into MAC-I PDUs, and then distribute them to the appropriate channel for further processing. When control information like Status Report is included, this can be indicated as MAC-I PDU of special channel ID [FFS]. Inclusion of control information into MAC-I PDU also can be option.
Segment info indicates how to reassemble the payloads into MAC SDUs. This information will include the boundary information of SDUs and the sequence information to tell the position of Payload part. The detailed example of Segment info is shown in section 2.2
2.2 
SubFraming

When a MAC-I PDU is needed to be retransmitted due to ARQ status report, it can happen that the channel quality and the traffic situation have degraded. Therefore the original size of the MAC-I PDU can not be supported over the air.
In this section, we show one example to perform SubFraming. SubFraming is used to segment MAC-I PDUs that are reported missing by the receiving side. Without SubFraming, when one MAC-I PDU is missing in the receiver and the MAC-I PDU size exceeds the available resources of the scheduler, the transmission should be started again from MAC SDU level.
It is FFS whether SubFraming is used only for uplink direction. Because cell resource scheduler is located in the Node-b, the frequency and time resource for the MAC PDU in Downlink might be adjusted according channel characteristic. Therefore the cases where the, original size of MAC PDU can not be supported should be rare. But for Uplink direction, due to power limitation and UE capability, more frequency and time resource allocation may not be useful for transmission of original MAC-I PDU. Thus in this case, SubFraming is useful.
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Figure 2 Example of SubFraming
Above figure 2 shows an example on how subframing can be done. For simplicity reason, only one logical channel is considered. Following is description for the above figure.
Blue box:

In the blue box, three IP packets are shown. From MAC entity point of view, this IP packet is actually MAC SDU. In this example, the length of each IP Packet is 500,600,300 bit. 
Yellow box:

In the yellow box, how MAC-I PDUs are composed from original IP packets (MAC SDUs) is shown. The size of each MAC-I PDU is decided by the scheduler. In this example, the allowed sizes of MAC-I PDUs are 300,400 and 700 bit. This is size that is used before re-transmission is requested. 
MAC-I PDU includes several header fields. 

· TSN (Transmission sequence number): This is used for re-ordering and ARQ purpose. Whenever new MAC-I PDU is generated, the TSN is incremented. TSN uniquely identifies the order of MAC-I PDUs. It is FFS whether TSN is same as SN of MAC SDU.
· LI: (Length Indicator): This is used to indicate the boundary of MAC SDUs within a MAC-I PDU. Without LI, the receiving side does not know how to reassemble MAC PDUs into MAC SDUs.
· S: (SubFraming Indicator): This is used to indicate that the concerned MAC-I PDU is sub-framed MAC-I PDU of original MAC-I PDU.
· LEX: (LEngth eXtension Indicator): This is used to indicate that there is additional length indicator in the MAC-I PDU header.
· SubPDU info: This is used to re-order MAC-I SubPDUs. This field include the order of this MAC-I SubPDU within SubPDUs and whether this is the final MAC-I SubPDU or not for the concerned MAC-I PDU. 
Green Box:
In the green box it is shown how MAC-I SubPDUs are composed from original MAC-I PDU. When upper ARQ indicates that a MAC-I PDU is missing in the receiving side, the MAC-I PDU needs to be retransmitted. If the allocated resources are not big enough for the size of the original MAC-I PDU at the moment of ARQ retransmission, the MAC-I PDU should be sub-divided into MAC-I SubPDUs. 
In above figure, it is assumed that the second MAC-I PDU in the yellow box is divided into MAC-I SubPDUs. The available size of MAC-I SubPDU is assumed to be 100, 200 and 100 bit in this figure.
To discriminate MAC-I SubPDUs from MAC PDUs, a “S” field is used. When the receiving side finds “S” field set to “Yes” in MAC-I PDU, it treats this MAC-I PDU as MAC-I SubPDU. To identify the original MAC-I PDU, the TSN field of MAC-I SubPDU is set to the TSN of the original MAC-I PDU.

To identify the order of the MAC-I SubPDU for one MAC-I PDU, “SubPDU info” field is inserted immediately after the special LI. This field tells two things: Whether this MAC SubPDU is the last segment of MAC-I PDU, the position of this MAC-I SubPDU within all the MAC-I SubPDUs. So in above figure, the “SubPDU info” of third MAC-I SubPDU is set to ‘Final’ and ‘3rd’. This indicates that the MAC-I SubPDU is the final segment of a MAC-I PDU and the SubPDU is third in position. Accordingly, the receiving side knows that there is 3 MAC-I SubPDUs.
In case that a transmission of MAC-I SubPDU would fail, the handling, i.e., whether the MAC-I SubPDU would be segmented further or not is FFS. In that case, one more indicator bit can be inserted after “S” bit. 

One possibility is to set lower target error ratio for MAC-I SubPDU or the amount of data in MAC-I SubPDU is minimized. In fact, the probability of loss of both MAC PDU and its MAC SubPDU will be very small. If this is true, then there will be maximum one level of subframing.
Conclusion:

Consider above SubFraming mechanism as candidate segmentation mechanism for re-transmission.

3.
Conclusion
It is proposed to discuss and agree to: 

· Consider and include mechanism in section 2 for Framing/SubFraming mechanism in the LTE TR.
4.
Reference
[1] R2-060xxx, xx, xx





















1
3

_1204448027.doc










MAC SDU 2















MAC-I PDU











MAC PDU















































MAC SDU 1







MAC PDU











MAC-I PDU







MAC Header































MAC-I PDU







MAC Header







Data







Segment info







Data







Payload







Channel  1











Segment info







Segment info







Channel  2























MAC SDU 1




















_1203770183.doc


LEX



Y







LEX



N







SDU 3



(Length: 300)







TSN



1







MAC-I SubPDU







LEX N







SubPDU info



Final, 3rd







MAC-I PDU







LEX



Y







LEX



N







S



N







S



N







SDU 2



(Length: 600)







S



N







TSN



1







SDU 2 Seg 1,1



(Length: 100)







SDU 3



(Length: 300)







SDU 1 Seg 2,2



(Length: 100)







SDU 1



(Length: 500)







SDU 2 Seg 2



(Length: 400)







SubPDU info



Not Final, 1st







LI



400







TSN



2







SDU 1 Seg 2



(Length: 200)







LI



200







LI



700







LEX



Y







SubPDU info



Not Final, 2nd







LEX



N







SDU 2 Seg 1



(Length: 200)







LEX



Y







LEX



N







TSN



1







SDU 1 Seg 2



(Length: 200)







LI



200







MAC SDU







SDU 2 Seg 1,2



(Length: 100)







SDU 1 Seg 1



(Length: 300)







LEX



N







TSN



0







TSN



1







LEX



N







LI



100







SDU 2 Seg 1



(Length: 200)







LEX



Y







TSN



1







SDU 1 Seg 2,1



(Length: 100)







S



N







S



Y







S



Y







S



Y












