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1.
Introduction
At the previous meeting joint RAN1/RAN2 meeting in Cannes, [1] proposed that RAN2 define requirement on HARQ/PHY based on the effect of these errors on the higher layers. Specifically, it was proposed to define the following categories of HARQ errors:
· CAT1: 
Errors causing the loss of a sub-packet. These errors result in an un-necessary re-transmission and therefore result in a commensurate degradation of throughput at the physical layer.

· CAT2:
Errors causing the loss of a packet. These errors result in a higher layer payload to be lost. Depending on the case, this data will either be terminally lost or will simply have to be re-transmitted at RLC level. The effect from these errors two-fold: there will be a throughput degradation due to the fact that the packet will need to be re-transmitted from scratch, and there will be a delay degradation due to the need to perform a layer 2 re-transmission.

The document also proposed to adopt requirements of 2*1e-2 and 2*1e-3 respectively for the probabilities of CAT1 and CAT2 errors. 

Although the concept of setting requirements on CAT1 and CAT2 errors in order to allow RAN1 to do the design work was agreed, the group invited simulation results before being able to conclude on the actual requirements. This document is meant to address this request.
2.
Simulation setup
PHY configuration:

· Single user.

· Fixed rate (768kbps instantaneous-rate for 10ms TTI and 1535kbps instantaneous-rate for 2ms TTI).

· No scheduling delay, no rate ramp-up.
· Outer-loop driven directly on the E-DCH. The outer-loop can be adjusted to target a BLER after a given number of transmissions.

· No power limit.

· Synchronous re-transmissions.
· Decoding performance for configurations 1 and 5 is derived from the short term curves included in [2].

· Short-term curves were also produced for case 3.

· The increase in the maximum number of transmissions was achieved by using the same short-term curve as for the transmission at which 1% BLER is targeted. 
L2 configuration:

· RLC base: 
· actual RLC protocol

· Status prohibit set to RTT + 2TTIs. Here the RTT corresponds to HARQ delay at the 99% point.

· Poll-timer set to 50ms.
· RLC RTT is: UL Tx delay + 60ms (referred to as 80ms RTT) or UL Tx delay + 100ms (referred to as 120ms RTT).
· Re-ordering protocol:
· HSDPA re-ordering protocol

· Timer T1 set to: HARQ_RTT*(MAX_NB_TX – 1) – TTI

· The window scheme is not really used.
TCP configuration:

· No SYN/SYN_ACK.

· Start with TCP window size equal to 1 to compensate the lack of synchronization process.
· TCP packets are 8000 bits (rather than the more common 12000bits)

· Internet delay: 50ms.

Application:

· 10 or 40kB pages.
Setup Description:

Config #1: 10ms TTI, 1% BLER after 2Tx, max 2 transmissions.

Config #2: 10ms TTI, 1% BLER after 2Tx, max 3 transmissions.

Config #3: 10ms TTI, 1% BLER after 3Tx, max 3 transmissions.

Config #4: 10ms TTI, 1% BLER after 3Tx, max 4 transmissions.

Config #5: 2ms TTI, 1% BLER after 4Tx, max 4 transmissions.

Config #6: 2ms TTI, 1% BLER after 4Tx, max 5 transmissions.

3.
Simulation results
3.1
10kB File size
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3.2
40kB Results
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4.
Analysis

4.1
Effect of residual error-rate at HARQ level

Most of the simulation results provided in RAN1 analyze the performance assuming a target residual error-rate of 1% after 2 and 4 transmissions respectively for 10ms and 2ms TTI. The reason may have been to try to speed-up the simulations, by removing elements that do not have a significant impact on over-the-air throughput. Below we provide plots for the 40kB file size, including both the results with a 1% residual error-rate and the plots with lower residual error-rate (i.e. Config 1 vs. Config 2 and Config 5 vs. Config 6).
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Below we provide a table summarizing the effect of extending the number of HARQ re-transmissions, in the case where there are no HARQ errors:

	File Size
	RLC RTT
	Config 2 / Config 1
	Config 6 / Config 5

	
	
	Av. Delay
	95%
	Av. Delay
	95%

	10kB
	80ms
	98.68%
	88.50%
	96.26%
	85.42%

	10kB
	120ms
	98.50%
	85.71%
	95.51%
	81.36%

	40kB
	80ms
	93.65%
	90.91%
	94.63%
	88.69%

	40kB
	120ms
	97.32%
	89.15%
	92.62%
	84.08%


As you can see, the impact on the average delay is in the order of 2 to 5% and is larger in the case of 2ms TTI. The effect on the 95% point is between 10 and 20% and is also higher for the 2ms TTI.
4.2
Effect of CAT1 errors

The effect of 2% CAT1 errors on the delay CDF is extremely slight. Even with the long simulation runs that we did it was impossible to see a consistent difference (the curves are some times above and some times above the curves without the errors).

The conclusion is that we can easily live with this impact.

4.3
Effect of CAT2 errors

CAT2 errors result in the need for a retransmission at RLC level. Therefore, they can potentially result in additional delay. In this study we evaluate the effect of operating with CAT2 errors of 2*1e-4 and 2*1e-3. For all practical purposes, a CAT2 error probability of 2*1e-4 did not give any difference compared to the no error case. Therefore, in what follows we will only discuss the impact of 2*1e-3 errors.

As can be observed from the shave of the CDF curves, looking at specific percentiles can be misleading. Instead, we are providing the increase for the average of the worse 10% of packet call delays. Across all cases, this is the regions where the degradation is most noticeable.
The table below summarizes these results. The delays correspond to Delay(w/ HARQ errors)/Delay(wo/ HARQ errors). For Avg. results the delay corresponds to the average of all delays, and for Worse the delay corresponds to the average delay of the worse 10% of the packet call delays. Results are not provided for Configs 3 and 4 in order to make the table more readable. The results obtained were consistent with the observations below.
	File Size
	RLC RTT
	Config. 1
	Config 2
	Config 5
	Config 6

	
	
	Avg.
	Worse
	Avg.
	Worse
	Avg.
	Worse
	Avg.
	Worse

	10kB
	80ms
	100.5%
	103.1%
	101.0%
	107.3%
	101.6%
	103.3%
	101.9%
	113.8%

	10kB
	120ms
	100.4%
	102.7%
	101.2%
	107.5%
	101.8%
	103.4%
	102.2%
	117.8%

	40kB
	80ms
	100.4%
	101.5%
	101.3%
	106.8%
	101.9%
	103.5%
	102.6%
	109.5%

	40kB
	120ms
	100.7%
	101.8%
	101.6%
	108.8%
	102.9%
	104.7%
	104.0%
	114.2%


As can be seen, the effect of CAT2 errors depends on the TTI duration and on the residual error rate that is targeted after HARQ. The impact of CAT2 errors is lower when running at 1% residual error-rate (Config. 1 and 5) and when running with 10ms vs. 2ms TTI. The average delay degradation is between 1 and 4% and the delay degradation for the worse 10% of packet-calls varies between 1 and around 15%.
5.
Conclusion
The simulation results provided in this document indicate the following:
· Increasing the number of HARQ re-transmissions improves the delay performance.
· The impact of Cat 1 errors of 2% is extremely low;

· Cat 2 errors of 0.02% do not affect delay performance;

· The impact of 0.2% Cat 2 errors for 2ms TTI case:

· Average delay increase is low (1 to 4%);

· Delay increase in the 10% of packet calls with the highest delay is in the range of 3 to 18%;

· The impact of 0.2% Cat 2 errors for 10ms TTI case:

· Average delay increase is very low (1 to 2%);

· Delay increase in the 10% of packet calls with the highest delay is 1 to 10%;
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