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Discussion
1
Introduction

Currently it is open what kind of ARQ procedures to be adopted in LTE RLC layer. In this contribution, we compares several ARQ schemes in order to kick off the detail design of ARQ procedures. 
2
Simulation
RLC layer is supposed to handle the residual error of MAC HARQ layer. This residual error can be originated from L1/L2 signalling error and reaching the maximum retransmission number of HARQ procedure. The figure 1 illustrates the simulation modelling used in this contribution focusing on the L1/L2 signalling error. When the transmitter HARQ entity mis-interprets the ACK as NACK, the transmitter will continue the HARQ process which will be then detected by HARQ receiver (based on checking NDI like operation). The useless HARQ retransmission will be discarded by HARQ receiver entity (or RLC layer by the RLC PDU duplication detection) and then the transmitter entity can start a new transmission. Similarly for the case of NACK to ACK error, HARQ layer cannot recover and RLC will retransmit the lost RLC PDU based on periodical or event triggered status reporting. L1/L2 signalling errors exist for various cases such as DTX to NACK, NACK to DTX etc but, in this contribution, we only modelled the ACK to NACK and NACK to ACK error as a starting point of discussion.  
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Figure 1: simulation modelling (L1/L2 signaling error and RLC retransmission)
In the following we considered the following three RLC schemes
· UM;
This is the unacknowledged mode operation where the RLC layer performs mainly the segmentation and concatenation of RLC SDU packet as well as the packet reordering. The loss of packet due to HARQ residual error will be re-covered by upper layer such as TCP retransmission.
· Periodic Polling based;
This mechanism is based on a periodic status reporting in which the transmitter polls the receiver in periodical manner. Based on the periodical status reporting, the RLC transmitter retransmits the undelivered RLC PDU.  
· Periodic Polling and Gap Detection based;
This mechanism is the combination of periodical status reporting and the gap detection by RLC receiver entity. The RLC receiver monitors its reordering queue and detects the gap when a later RLC PDU arrived before an earlier RLC PDU. If the gap exists after a timer expires, RLC receiver sends the status report to the sender in order to request the retransmission.
In the Figure 1, the user throughput at TCP layer is shown for the three RLC schemes listed above. This result is based on a scenario of single UE per a system as a reference test case and other detail simulation parameters are 
· 6 HARQ processes of asynchronous adaptive; chase combining

· 21 data resource blocks with each resource block size of 180 kHz.

· 3 km/h fading and 20 dB path loss
· No MIMO

As it can be seen from figure 1, the performance of UM RLC is always inferior to those of other two ARQ based schemes. The figure 1 is the result for HARQ residual error rate of 1% and the resulting performance degradation from ARQ based and RLC UM is significant. Then we can compare also the performance of periodical polling and polling with gap detection scheme in order to verify whether periodical polling alone can be sufficient solution for ARQ procedure. As can be confirmed by the result, the performance of periodical polling mechanism is slightly inferior to polling with gap detection mechanism at smaller polling period. And the performance difference between two mechanisms increases further with a larger polling period. We can note that the performance of gap detection based solution maintains a good performance even in the case of long periodicity such as 500 msec. 
Proposal 1: Polling and Gap Detection should be considered as baseline ARQ procedure.
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Figure 2: The performance comparison of 3 RLC schemes (with 1e-2 L1/L2 error rate)
Figure 2 shows the result of performance comparison for the case of low HARQ residual error case (0.1%). Like previous case of 1% HARQ residual error rate, both ARQ based schemes works far better than RLC UM due to avoidance of the slow upper layer retransmission. Also the performance of only-periodical scheme and periodical with gap detection scheme are somewhat similar at low polling period but the gap detection scheme outperforms slightly the only periodical scheme at a larger polling period. 
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Figure 3: The performance comparison of 3 RLC schemes (with 1e-3 L1/L2 error rate)
3 Conclusions
Currently it is widely open what kind of ARQ scheme should be specified in LTE RLC layer. As a kick off of this discussion, we presented a performance comparison of three ARQ schemes, 1) RLC UM, 2) periodical polling scheme and 3) periodical polling with gap detection scheme. From the simulation studies of upper layer TCP throughput, we consider the periodical polling with gap detection scheme should be a starting point of RLC ARQ procedure design. 












