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1 Introduction 

The error rate requirement for the ACK/NACK feedback bit in the HS-DPCCH has been set to 1e-4 and 1e-2 for NACK to ACK and ACK to NACK misinterpretations, respectively.  The latter scenario results in additional unnecessary retransmission, while the former causes a data block to be lost and has to be recovered through RLC retransmission. Hence, the NACK to ACK is deemed the more critical of the two and requires a more stringent error rate requirement of 1e-4. In this contribution, the effects of NACK to ACK error probability requirement are studied in the context of the UE re-ordering buffer performance. This performance is based on simulation using the currently agreed parameters for HSDPA, where both the stall avoidance timer-based mechanism and the additional receiver operation rules are modeled as described in [1] and [2]. This contribution aims to show the effects of different NACK to ACK error rates requirement on the UE buffer residual error rate for HSDPA.  

2 Simulation Results

An overview of the simulation study has been provided in [1]. In this contribution,  The Residual error rate is the performance metric used, which definition is repeated here for reference.

Residual Error Rate: Gaps due to unsuccessful data blocks are assumed to be lost when the re-ordering buffer window is advanced and in the process flushing these gaps out of the re-ordering buffer. These gaps are captured in the residual error rate that is calculated as the ratio of total code blocks lost that are dropped by the re-sequencing buffer over the total data blocks delivered to the RLC including the lost data blocks. This metric is computed from collecting the lost or dropped and delivered data blocks across all users. The residual error rate computed represents the following cases:

a. Lost data blocks due to flushing of gaps in the re-ordering buffer when new data blocks are received that advance the re-ordering buffer. The lost data blocks resulted from gaps in the re-ordering buffer due to scenarios given above. 
b. Lost data blocks due to the expiration of a timer. The timer for the UE has been activated for an undelivered data block according to the rules found in Section 11.6.2.3 of [2]. 
In this section, we present system level simulation results at UE speeds of 3km/h and 30km/h for 10e-4 and 10e-02 NACK to ACK error probability. Figure 1-2 show the Residual error rate for various timer settings for a timer ranging from 100msec to 2.0sec for UE speed of 3km/h and 30km/h, respectively. These timer values are chosen to illustrate their effects on the system performance. The TSN field of 5bits is implemented.  Non-zero error probability from an Nack to an Ack at the NodeB is also simulated for comparison. 

For both speeds, residual error rate increases with smaller timer values since gaps in the reordering buffer will be forwarded up at a quicker interval. A high residual error rate essentially degrades the efficiency of the physical layer since the packet is retransmitted twice, both at the HARQ layer and by the RLC. A retransmission by the RLC incurs much larger latency that will severely impact the HSDPA throughput performance.  For 3km/h, the residual error increases rate as the NACK to ACK error rate increases across most timer values.   For 30km/h, higher residual error rate is observed since as the speed increases, the greater the impact of higher NACK to ACK error rate since higher probability of failed transmission occurs in the transmission, as shown in Figure 2. Higher Doppler causes more errors, triggering more number of retransmissions that increases the probability of in-sequence delivery of data blocks to the UE In addition, the residual error rate is also greater is also greater with higher UE speed since more out of sequence reception is experienced by the UE. Thus, larger timer setting is required in order to reduce the residual error rate in the scenario of higher UE speed.
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Figure 1: Residual error rate vs. Timer settings. TSN = 5bits and UE speed = 3km/h.
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Figure 2: Residual error rate vs. Timer settings. TSN = 5bits and UE speed = 30km/h.

3 Conclusion and Recommendation

This contribution compares the performance of the HSDPA system under various stall avoidance timer settings for NACK to ACK error requirement of 10e-2 and 10e-4. Performance metrics based on the Residual Error rate are used. The conclusions and recommendations are as follows: 

· The residual error rate decreases as the timer value is increased. However, with higher NACK to ACK error rate, this benefit is reduced.  An increase in the NACK to ACK error rate is associated with an increase in the residual error rate.
· The residual error rate levels off at 3e-03 and 1e-02 at UE speed of 3km/h and 30km/h, respectively for NACK to ACK probability of 1e-02, and levels off at 1e-02 and <2e-03 for NACK to ACK probability of 1e-04. Thus, with larger NACK to ACK error rate, the residual error rate increases by approximately an order of magnitude for 30km/h and more than an order of magnitude for 3km/h.  
The results captured within this document shows the effects of higher error rate requirement on the ACK/NACK bit, specifically the NACK to ACK error rate requirement. Because of the asynchronous transmission technique in HSDPA, a user could be scheduled for transmissions only after a significant amount of time have elapsed when its channel condition is favourable. Thus, the timer in the re-ordering buffer must be set to a conservative large value so as not to prematurely terminate a valid HARQ process. From the results presented, the increase in the Residual error rate increases by approximately an order of magnitude and more for UE speed of 3km/h and 30km/h, respectively. 

This contribution highlights the need to maintain the error rate requirement at 10e-04 for the NACK to ACK misinterpretation of the ACK/NACK bit in the UL-DPCCH in order to achieve the low residual error rate. 
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