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1 Introduction

The work item “Improved L2 for uplink” was approved in principle in RAN#37. The objectives of the work item include support for flexible RLC PDU size in the uplink. As the flexible RLC PDU size was introduced in the downlink in Rel-7, the current specifications already supports part of the flexible RLC PDU size. In this contribution we analyze the introduction of the flexible RLC PDU size in the uplink.
2 Discussion
In Rel-7 the Flexible RLC PDU size was introduced in the downlink. As the specifications are typically written with the UE implementation in mind, it was only necessary to specify the reception of the flexible RLC PDU. For transmission, several implementation options remain. Those will need to be discussed when specifying the flexible RLC PDU size in uplink.

The uplink is different from the downlink in several aspects. For example

· E-DCH supports soft hand-over in the uplink. 

· The RLC and MAC protocols are terminated in the same node
2.1 Impact of the soft hand-over on HARQ residual error rate
The soft hand-over in the uplink has a fundamental effect on how HARQ transmissions are performed. It is sufficient to receive one ACK from any of the receiving entities to deliver data successfully to the network. This obviously improves the link performance, but has a consequence that a NACK->ACK error from any of the radio links will cause a residual HARQ errors. Furthermore, the E-HICH channel quality is expected to be the worst at the soft hand-over region. Thus the NACK->ACK error can be expected to be somewhat higher for the uplink than for the downlink. Based on a similar analysis, the DTX->ACK error can also be expected to be higher for the uplink than for downlink. Thus special care is required in the protocol design to ensure that the impact of these error cases on the performance is not too high.

Some numerical examples of the impact of the soft hand-over on the HARQ residual error rate can be obtained by assuming that the retransmission rate of the first transmission is 30% for the best radio link and 100% for the other links. 

For NACK->ACK error, there will be residual HARQ error rate if transmission is not successful over any radio link and at least one of the links has a NACK->ACK error. In general it can be assumed that the NACK->ACK error rate is at most 1e-3 for bad radio conditions. The resulting HARQ residual error rate is shown in Figure 1.

For DTX->ACK error, there will be residual HARQ error rate if either

· There is at least one DTX->ACK error and transmission is not successful over all other radio links

· All radio links have DTX->ACK error

In general it can be assumed that the probability for missing the E-DPCCH transmission is 1e-2 for bad radio conditions and that the DTX to ACK misdetection probability is also 1e-2. This results in total DTX->ACK error rate of at most 1e-4 for bad radio conditions. The resulting HARQ residual error rate is shown in Figure 2.

In general it can be concluded that the number of radio links increases the impact of the HARQ feedback errors. However, in the example studied the resulting HARQ residual error rates are not unreasonably high as long as the number of segments is limited. One way to achieve this is to keep the RLC PDU size reasonably small.

Conclusion 1: Due to soft hand-over, it is preferable to limit the number of segments.
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Figure 1: HARQ residual error rate for NACK->ACK error. 
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Figure 2: HARQ residual error rate for DTX->ACK error.
2.2  Radio awareness

In general, the RLC has not been aware of the current radio conditions in the earlier releases. The RLC has been “radio unaware”. However, for the uplink as the RLC and MAC protocols are located in the same node, it would be possible to design “radio aware” RLC, in which the RLC PDU size is selected based on the instantaneous available data rate. For example, the RLC could be mandated to create always a single PDU per TTI, as was done for the LTE.

In below we have outlined one possible implementation of the “Radio aware” RLC and one possible implementation of the flexible RLC PDU size for “Radio unaware”.

 “Radio aware”

· UE tries to create only one PDU per TTI

· segments SDUs to the maximum supported by the radio link. 

· Concatenates to the maximum supported by the radio link.

· Requires UE to create and cipher RLC PDUs only after the (E-)TFCS selection has been performed for the TTI.
· Allows UE to only create one PDU per TTI

“Radio unaware”
· UE tries to create RLC PDUs of the maximum size 
· UE segments SDUs to maximum RLC PDU size. 
· Concatenation, two choices

· UE is always requited to concatenate up to maximum RLC PDU size

· Or we send individual SDUs in separate PDUs

· Allows UE to create RLC PDUs based on the buffer status before (E-)TFCS selection

· Requires UE to create multiple RLC PDUs per TTI

If the current data rate allows smaller RLC PDU size than “maximum RLC PDU size” or SDU size, the “Radio aware” RLC creates smaller RLC PDUs, leading to less segmentation, but higher protocol overhead. Similarly, if the current data rate allows larger RLC PDU size than “maximum RLC PDU size” or SDU size the “Radio aware” RLC creates larger RLC PDUs, leading to more segmentation if the radio conditions change for worse , but smaller protocol overhead.
For example, if the current data rate supports only one fifth of the maximum RLC PDU size, the “radio aware” RLC would create 5 RLC PDUs, leading to a 5 times more header overhead. The decrease in the HARQ residual error rate depends strongly on the parameters, but for small enough error probabilities the HARQ residual error is also decreased by a factor of 5.

Using the example from Section 2.1, we have plotted the header overhead and the residual HARQ error rate for NACK->ACK error case with 2 radio links for a 1500 byte RLC SDU with various maximum RLC PDU sizes as well as for “Radio aware” RLC as a function of the TB size in Figures 3 and 4 respectively. As expected, the “Radio aware” RLC PDU size results in smaller or equal residual HARQ error rate than any of the maximum RLC PDU sizes. The “Radio aware” RLC PDU size also results in smaller header overhead for large TB sizes. However with small TB sizes the “Radio aware” RLC PDU size results in significantly higher RLC overhead than any of the maximum RLC PDU sizes studied.
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Figure 3: RLC header overhead vs. TB size.
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Figure 4: Residual HARQ error rate vs. TB size.

3 Conclusion

In this contribution we have studied the introduction of the flexible RLC PDU size in the uplink. The main differences to the downlink are the soft hand-over and the possibility to couple the RLC PDU size to the current radio conditions (“Radio aware” RLC PDU size).
Based on our analysis of the HARQ error cases, we conclude that 

Conclusion 1: Due to soft hand-over, it is preferable to limit the number of segments.
In our opinion, this is easiest done by using a small enough RLC PDU size.

In addition, we have analyzed the “Radio aware” RLC PDU size. Based on the analysis, the “Radio aware” RLC PDU size is in some cases better and in other cases worse than the maximum RLC PDU size approach. In our opinion the “radio unaware” RLC leads to a simpler UE implementation, and that the gains of the “Radio aware” RLC are not justified by the added complexity.
Proposal 1: The flexible RLC PDU size is specified with maximum RLC PDU size using “radio unaware” RLC.
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