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1 Introduction

The work item “Improved L2 for uplink” was approved in principle in RAN#37. In this contribution, we present and analyze two approaches for efficient handling of RLC PDUs. One approach involves byte-based RLC sequence numbers and flexible RLC PDU size based on lower layer information but does not require MAC segmentation support. The second approach involves segment-based RLC sequence numbers and flexible RLC PDU size based on lower layer information along with MAC segmentation if needed for retransmitted RLC PDUs. Both approaches presented in this contribution allow efficient RLC performance.
2 Discussion
In the current UL RLC AM design, RLC PDU size is set to a fixed value. With a fixed PDU size, the choice of the PDU size becomes critical. The following points need to be considered in making the PDU size choice:
· If RLC PDU size is set to a small value (say around 40 bytes), RLC PDUs typically do not need to be segmented by the MAC. However, this is inefficient from a throughput point of view due to (a) the larger RLC header overhead and (b) the limitation on the maximum achievable throughput as a result of 12 bit RLC AM Sequence Number and RLC round-trip-time. As an example, with RLC PDU of 40 bytes, the RLC overhead is 2/40 = 5%.
· To overcome the higher overhead and throughput limitation mentioned above, RLC PDU size can be set to a higher value. However, this will lead to segmentation of RLC PDUs by the MAC. Assuming that lower layer error rate is p and RLC gets segmented into n MAC segments, the error rate for the RLC PDU is the well-known (1- (1-p)n). Say p = 0.01 and n = 10 (RLC PDU size of 400 segmented into 40 byte MAC segments), this gives RLC PDU error rate of ~10%. Thus, the physical layer error rate of 1% gets magnified into ~10% of RLC PDUs being retransmitted.
Thus, both small as well as large fixed RLC PDU sizes present problems. The solution clearly is to allow flexible RLC PDU sizes, where RLC is allowed to pick PDU sizes based on the allowed E-TFCI.
As discussed above, to allow high throughput when using fixed size RLC PDUs, the size of the chosen RLC PDU needs to be large. This can magnify the retransmission probability of RLC PDUs. Figure 1 shows the percentage of RLC PDUs that need to be retransmitted as a function of (a) ratio of RLC PDU size to E-TFCI and (b) physical layer BLER, for fixed as well as flexible RLC PDU size. As an example, to allow high throughout, say the fixed RLC PDU size is chosen to be 1500 bytes and the E-TFCI is 100 bytes (giving a ratio of RLC PDU size to E-TFCI of 15); this leads to a RLC PDU retransmission percentage of ~14%. 
The fixed RLC PDU size approach also leads to larger RLC PDU retransmission rate as allowed E-TFCI decreases. The flexible RLC PDU size approach does not suffer from this issue.
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Figure 1: Percentage of RLC PDUs retransmitted for both Fixed and Flexible RLC PDU Size Approaches
Thus, the advantages of flexible RLC PDU size compared to fixed RLC PDU size are:
· Fixed RLC PDU size leads to more MAC segmentation and larger RLC PDU retransmission rate as allowed E-TFCI decreases. This leads to a higher percentage of uplink resources being wasted for RLC retransmissions. With flexible RLC PDU size, a very small percentage of RLC PDUs are retransmitted.
· Flexible RLC PDU size integrates much better with the uplink grant mechanism. With fixed RLC PDU size, the 2-step and 3-step index thresholds need to be used so that uplink E-TFCI allocation increases in multiples of RLC PDU size. With flexible RLC PDU size, the use of these thresholds is not necessary.
One issue that needs to be handled when using flexible RLC PDU sizes is RLC retransmissions, i.e., if RLC needs to retransmit a PDU, and if the allowed E-TFCI has changed, then the RLC PDU may need to be segmented. Two options for segmenting this retransmitted PDU are RLC segmentation and MAC segmentation. If RLC segmentation is the approach for retransmitted RLC PDUs, then adding an extra segmentation header to the RLC header clearly adds complexity and should be avoided. In the two approaches described below, one makes use of MAC segmentation while the other makes use of RLC segmentation (without additional RLC segmentation headers) for retransmitted RLC PDUs.
It should also be noted that on the uplink, the placement of protocol layers is a little different from the downlink. In the downlink, RLC resides at the RNC, while MAC (as well as knowledge of UE’s channel conditions) is at Node B; thus, it is not possible/practical for RLC to pick flexible PDU sizes based on UE’s current channel conditions. On the uplink, on the other hand, RLC and MAC both reside in the UE. This allows RLC to pick flexible PDU sizes based on the allowed E-TFCI, which can be used to enhance performance of RLC/MAC. The two approaches described below both make use of this additional capability at the UE. 
2.1 Byte-Based RLC with Flexible RLC PDU Size
This approach relies on RLC using byte-based sequence numbers, instead of segment-based as in the current RLC design. Byte-based sequence numbers allow RLC to re-segment retransmitted packets if required, without the addition of any extra re-segmentation header. RLC is also allowed to pick flexible PDU sizes based on the allowed E-TFCI.
The following points describe RLC functionality in this approach:
· For the first transmission, RLC picks a PDU size based on the allowed E-TFCI. The byte-based sequence number carried in the RLC PDU is the sequence number of the first byte in the RLC PDU, as shown in Figure 1(a). The sequence number corresponding to other bytes in the RLC payload can be inferred based on the position of the byte in the RLC payload, as shown in Figure 1(a).
· For retransmissions of a PDU, RLC can further fragment the PDU, if required according to the current allowed E-TFCI. The byte-based approach easily accommodates the fragmentation of PDUs for retransmission. A retransmitted RLC PDU being further fragmented by RLC is shown in Figure 1 (b). Neither the first nor the retransmitted PDUs are exposed to the higher error rate that MAC segmentation can cause.

Figure 1(a): RLC adding byte-based sequence number, with chosen RLC PDU size =400 bytes


Figure 1(b): RLC fragmenting PDU from 1(a), into two PDUs of PDU size of 200 bytes each
This approach requires changes to the RLC header in the form of a larger sequence number space. This would also lead to a slightly larger RLC header to carry the larger sequence number space. Changes would also be required to the STATUS PDU (i.e., to the SUFIs such as Acknowledgement, Window Size, List, Bitmap etc that carry sequence number) and the associated procedures. Ciphering procedures would not need much change except that with a larger RLC sequence number, COUNT-C would need to be redefined to make use of this larger RLC SN. 
Overall, the byte-based RLC has extremely good performance in that none of the RLC PDUs are exposed to the higher error rate that MAC segmentation can cause. However, this option does require changes to some of the RLC PDUs and procedures.
2.2 Flexible RLC PDU Size with MAC Segmentation of Retransmitted RLC PDUs
This approach relies on RLC picking flexible PDU sizes based on the allowed E-TFCI, and the use of MAC segmentation, if required for retransmitted RLC PDUs. RLC uses segment-based sequence numbers, as in the current RLC design.
The following points describe the combined RLC/MAC functionality in this approach:
· For the first transmission, RLC picks a PDU size based on the allowed E-TFCI. RLC carries a segment-based sequence number, as in the current RLC design.
· If E-TFCI has reduced when an RLC PDU is being retransmitted, MAC is used to segment the RLC PDU, similar to MAC-ehs for the downlink. These retransmitted PDUs are exposed to an increased error rate (as described in Section 2), since any erased MAC segment causes the entire RLC PDU to be lost (or further retransmitted).
In this approach, only a small percentage of RLC PDUs (~1%) are exposed to the increased retransmission rate due to MAC segmentation. Thus, the performance of this approach is expected to be only slightly worse than the performance of the byte-based RLC approach.
The changes required with this option are much less than those required with the byte-based RLC option. RLC needs to be allowed to pick a PDU size based on the allowed E-TFCI, however there are no changes to RLC PDU formats or procedures. Changes to MAC to allow for fragmentation of retransmitted RLC PDUs are also required.
3 Conclusion

In this contribution, we first compared use of flexible versus fixed RLC PDU sizes. We showed that fixed RLC PDU sizes can cause a high percentage of RLC PDUs to be retransmitted, leading to significant wastage of uplink resources.
We presented and analyzed two approaches for flexible PDU size RLC operation, (1) byte-based RLC with flexible RLC PDU size, and (2) segment-based RLC with flexible RLC PDU size and MAC segmentation if needed for retransmitted RLC PDUs. Both these approaches lead to significantly improved performance (in terms of percentage of retransmitted RLC PDUs) compared to fixed RLC PDU sizes.
In addition to allowing RLC to create flexible RLC PDU sizes based on E-TFCI, the first approach requires changes to RLC to support byte-based RLC sequence numbers, changes to STATUS PDUs and associated procedures. No changes to MAC are required.
The second approach does not require any RLC changes except that RLC be allowed to create flexible RLC PDU sizes. Changes to MAC to allow for fragmentation of retransmitted RLC PDUs are also required. Overall, this approach gives significant performance gain over using fixed RLC PDU sizes and performs almost as well as the byte-based RLC approach: only a small percentage (~1%) of RLC PDUs are exposed to an increased error rate due to MAC segmentation. We recommend that this approach be adopted.
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