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Introduction

In the previously presented document [1], the relative merits of asynchronous and synchronous HARQ operation were addressed, and it was argued that the flexibility offered by asynchronous operation is not worth the complexity associated with it. It was therefore recommend that synchronous HARQ operation should be used for E-DCH. A question was raised, related to the synchronous HARQ, regarding the handling of higher priority data in the UE transmission buffer when all HARQ processes are occupied. The concern was the additional delay incurred due to the wait until there is a free HARQ process available. In this document, we address this question and show the delays obtained by the simulations. 
Background
When the higher priority data appears in the UE’s buffer, it would be desirable to send it right away, so the experienced delay is small. In the asynchronous HARQ operation it is possible to postpone the retransmission of the pending, lower priority data, and avoid delays of the higher priority data. In the synchronous HARQ, however, high priority data would have to wait for the next available HARQ process. This implies additional delays, and these delays are quantified in the following section with the simulation results.

Simulation Results

The simulation setup is provided in Table 9.4.1.1.1, Table 9.4.1.2.1 and Table 9.4.1.2.2 [2], for both full buffer and mixed traffic model, and 10 ms TTI. The rate and time scheduling and rate scheduling are considered. Different channel models, geometries (G), and Active Set (AS) size UEs are considered. The results are presented for HARQ operated in two modes – nominal and boosted. In the nominal mode all transmissions use the nominal  factors, such that the BLER is approximately 1% after two transmissions. In the boosted mode, the nominal  factors are boosted by 2dB, such that the BLER is smaller than 20% after the first transmission [3]

 REF _Ref79468913 \r \h 
[4].

The following figures present the CDF of the additional delays, defined as the time from the beginning of the next HARQ process a higher priority data appears in a UE’s buffer, until the beginning of the next available HARQ process. 

Full Buffer Results
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Figure 1
[image: image2.wmf]Full Buffer; Av RoT=4.8dB; 10ms TTI; Rate Scheduling;
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Figure 2
[image: image3.wmf]Full Buffer; Av RoT=4.8dB; 10ms TTI; Time and Rate Scheduling; Boosted Mode;
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Figure 3
Table 1: 90th percentile of the additional delays for full buffer

	
	Time and rate scheduling
	Rate Scheduling
	Time and rate scheduling boosted

	VA120
	15 ms – high G        16 ms – low G
	15.5 ms – both G
	0 ms – both G

	PA3
	21 ms – both G
	21.5 ms – both G
	5.5 ms – high G 8.5 ms – low G


Table 2: Average additional delays for full buffer

	
	Time and rate scheduling
	Rate Scheduling
	Time and rate scheduling boosted

	High geometry
	7.1 ms
	7.1 ms
	1.5 ms

	Low geometry
	7.4 ms
	7.5 ms
	2.1 ms


Figure 1 and Figure 2 show the CDF curves of the additional delay a higher priority data would experience due to the pending retransmissions, for time and rate scheduling and rate scheduling, respectively. The delays represent the wait time until a HARQ process becomes available. It can be seen that in 50 – 60 %, depending on the channel model, of the time there is no additional delay, i.e. the very next HARQ process would be available for the high priority data transmission. Also, in about 90 %, the incurred delays would be smaller than 20 ms.

In Figure 3 we present the delay CDF for the case of boosted HARQ operation. The experienced delays are quite small, such that there will be no additional delays in 70 – 90 % of the time. Only 1% of the time the delay will be more than 10 ms, except for PA3, where it is the case in 4 – 8 %, depending on geometry.

The 90th percentile of the additional delays is presented in Table 1.

Table 2 gives the average additional delays for all considered scenarios. For the nominal HARQ mode, there is not much difference between the time and rate scheduling, rate scheduling, low and high geometry cases, where the average delay is little above 7 ms. The average delay for the boosted HARQ mode is in the order of 1 – 2 ms.

Mixed Traffic Model Results
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Figure 4: Delay CDF curves for FTP users

[image: image5.wmf]Mixed Traffic Model; Av RoT=4.7 dB; 10ms TTI; Time and Rate Scheduling;

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0

5

10

15

20

25

30

35

Additional Delay [ms]

CDF

Video, G=10dB, AS1, PA3

Video, G=9.9dB, AS1, VA120

Video, G=10.7dB, AS1, VA30


Figure 5: Delay CDF curves for Video users
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Figure 6: Delay CDF curves for Gaming users
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Figure 7: Boosted mode delay CDF curves for FTP users
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Figure 8: Boosted mode delay CDF curves for Video users

[image: image9.wmf]Mixed Traffic Model; Av RoT=4.9 dB; 10ms TTI; Time and Rate Scheduling; Boosted 

Mode;

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0

5

10

15

20

25

30

35

Additonal Delay [ms]

CDF

Gaming, G=11.7dB, AS1, PA3

Gaming, G=10.7dB, AS1, VA120

Gaming, G=10.1dB, AS1, VA30


Figure 9: Boosted mode delay CDF curves for Gaming users

Table 3: 90th percentile of the additional delays for mixed traffic model

	
	FTP
	Video
	Gaming
	FTP boosted
	Video boosted
	Gaming boosted

	VA120
	16.5 ms
	12.5 ms
	15 ms
	1 ms
	0 ms
	0 ms

	PA3
	21.5 ms
	18.5 ms
	18 ms
	6 ms
	0 ms
	5.5 ms


Table 4: Average additional delays for the mixed traffic model

	
	FTP
	Video
	Gaming
	FTP boosted
	Video boosted
	Gaming boosted

	Average delay [ms]
	7.2
	6.5
	6.5
	1.5
	1.0
	1.4

	Average delay [ms] including idle periods
	2.7
	6.5
	4.6
	0.6
	1.0
	1.0


Figure 4 – Figure 6 show the delay characteristics for FTP, Video, and Gaming, respectively. It can be seen that for all traffic types, in 55 – 65 % there would be no additional delay for the higher priority data, and in 90 – 95 % it will be smaller than 20 ms. The results are obtained only during the duty cycle, and do not include UE’s idle periods. The delays will be smaller if the idle periods, 62.5 % for FTP and 30 % for Gaming, are included. This effect is captured in the Table 4.

Figure 7 – Figure 9 present the results for the boosted HARQ mode for FTP, Video, and Gaming, respectively. The delays are decreased compared to the nominal HARQ mode, such that more than 90 % of the time (except for PA3, where it is 80 %) the additional delay is zero, and in 95 – 99 % the delay is smaller than 10 ms.

The 90th percentile of the additional delays is presented in Table 3.

Table 4 gives the average delays the higher priority data would experience due to the pending retransmissions in a synchronous HARQ. The average delays are small, and get even smaller when the idle period is included. Note that the inclusion of the idle period is more appropriate way of interpreting the results, since during the idle period there will not be any additional delays, since there are no pending retransmissions.

Summary

In variety of scenarios we considered the additional delays a higher priority data may experience due to the pending retransmissions in a synchronous HARQ. It is shown that the additional delays are not significant, and if needed, operating in the boosted HARQ mode can lower them. An appropriate boosting scheme can be utilized to insure small delays in case a high priority data appears in a UE’s buffer.

Conclusion

The presented results show that the additional delays a higher priority data may experience in the synchronous HARQ, compared to the asynchronous HARQ, are small, and can be further lowered by using boosting techniques. Hence, we believe that the asynchronous HARQ features are not worth the complexity associated with it. We therefore recommend that synchronous HARQ operation be used for E-DCH.
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