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1. Introduction
In this contribution, we propose a detail ARQ mechanism for adoption for LTE RLC layer.
2. Proposal
Figure 1 below shows an example of the overall procedure of our approach. 
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Figure 1. illustration of proposed ARQ scheme (no error case)
Firstly a RLC SDU is segmented in a fixed size manner and then a MAC PDU is constructed as concatenation of multiples of the fixed size RLC PDU. The MAC PDU construction can be based on CQI reporting which is indicated from the lower MAC layer. 

The first RLC PDU contains LI which indicating the number of segments from this RLC SDU and the size of each segment (in fact the size of all segments are equal for a RLC SDU). Note that this SDU segmentation info is only transmitted in the first RLC PDU as shown in the figure. Then the sequence number of each RLC PDU is the RLC PDU segment number hence indicating the number of concatenated RLC PDU implicitly. 

Each RLC PDU is then transmitted by a MAC HARQ layer. Therefore this model differs from existing R6 approach where multiple RLC PDU are transported by a HARQ processor. 

Upon receiving MAC PDU, probably in totally out-of-sequence manner, the MAC layer submits the received RLC PDU to RLC layer in which re-ordering will be performed. This re-ordering is based on the RLC PDU sequence number. It should be stressed that no MAC layer reordering mechanism is needed in this proposed model, hence reducing the current R6 MAC layer complexity.

The detection of HARQ residual error is performed by RLC layer based on re-ordering buffer status that is similar to the popular timer based approach. After reception of status reports from detection of the residual error, a retransmission of lost RLC PDU can be initiated. Our approach is simple in this retransmission since the re-segmentation of RLC PDU can be easily performed in the step size of RLC SDU segment. The sequence number of retransmitted RLC PDU is also indicating the location of contained segments within the original RLC SDU, hence there is no need for complicated sub-sequence number handlings in our approach.
The following figure 2 and 3 below illustrate the error handling case of our proposed approach. In this example, it is assumed that the MAC PDU of TSN#1 is lost over the air, e.g. NACK to ACK mis-interpretation. Then the following MAC PDU of TSN#3 is correctly received, which then triggers a timer for status reporting. After expiration of timer, an RLC status report of SN#1 and SN#2 are sent to peer RLC layer. Then as can be seen from figure 3, retransmission of RLC PDU of SN#1 and SN#2 can be done in a simple way due to inherited merit of fixed size RLC PDU segmentation. In this example, node B chooses to retransmit one RLC PDU at a time due to lowered channel condition and each MAC PDU simply indicates the SN of first RLC PDU as RLC SDU reconstruction information. 
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Figure 2. illustration of proposed ARQ scheme (detection of HARQ residual error)
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Figure 3. illustration of proposed ARQ scheme (retransmission of PDUs)
3. Discussion

· Detection speed of HARQ residual error
The proposed approach uses the simple timer approach to detect the HARQ residual error while the HARQ assisted ARQ approach uses the NDI based detection scheme. One could argue that the detection of NDI based approach could provide a fast detection speed compared to the timer approach. However this could be no longer always true for the case of asynchronous HARQ in which detection of NDI would even fail permanently if the failed HARQ processor is not used. However, for the synchronous HARQ, it would be possible that NDI based approach would allow faster detection of HARQ residual error.


· Is fast detection of HARQ residual error really needed?
Since ARQ will be turned on for non real time service, it is remaining question whether the fast detection of HARQ residual error would become a key merit of LTE U plane processing. We have not seen a significant gain of this fast detection over existing timer based approach. We should note that the timer based approach could set a shorter timer than HSDPA/HSUPA case, since RLC layer has been moved down to eNB site from RLC. 

4. Conclusion

In this contribution, we proposed a simple ARQ mechanism characterized by:

1. Keep the layering independency

The detection of HARQ residual error is performed by the upper ARQ layer. Request for retransmission is based on RLC status reporting. 

2. Simplified ARQ layer

Complexity of current R6 ARQ layer has to be reduced and it can be achieved by, for example, removal of unnecessary status reporting polling triggers.
3. Simplified HARQ layer

Complexity of current R6 HARQ layer is reduced by removal of re-ordering procedure by merging it to ARQ window control.
4. Simple RLC retransmission scheme based on fixed size RLC PDU segmentation
Compared to other proposals proposing a hierarchical header structure for outer ARQ retransmission, our solution provides a simple retransmission method to allow RLC SDU reconstruction based on simple MAC PDU header, i.e. TSN indicating SN of 1st contained RLC PDU 






























































































































