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1. Introduction

In a previous meeting WG1 discussed the benefits of shorter TTI in terms of overall delay reduction based on [1] and [2]. The delay reduction has been the main target for shorter TTI for Enhanced uplink DCH. The intermediate conclusion of the discussion was that WG1 sent an LS to WG2 [3], asking whether the current methodology used in the delay analysis is seen acceptable to WG2, and also asking about the assumptions used in the delay analysis.

In this paper we raise some issues related to the assumptions used in the delay analysis, with the target to help the further discussions in WG2. The main topic here is the value for the scheduling delay.

2. Traffic load vs. Scheduling delay 

Let’s first look at the effect of traffic load to delay. If the cell is very lightly loaded, then naturally there are no scheduling delays. The network can schedule the transmission of the packet to the UE immediately. 

We have analysed the effect of traffic load in the system to the resulting scheduling delays. In this analysis all the users have the same packet call size 100 kbytes. In each scenario there are N=16 users with a probability Parrival of becoming active. TCP closed loop model with TCP/IP RTT 50-60ms + air interface is implemented. All the users can get the same HS-DSCH channel bit rate: 1Mbit/s. FiFO scheduling principle was used. Table 1 shows the results of this analysis.

Table 1 . Effect of traffic load to scheduling delay. 

	Scenario
	Traffic load
	Mean bitrate

in the system
	Mean scheduling delay per PDU (1500 bytes). 

	1) Low traffic load
	Arrival probability 10-5 per 2 ms .
	40 kbit/s 
	6 ms

	2) Medium traffic load
	Arrival probability 10-4 per 2 ms .
	561 kbit/s
	130 ms

	3) High traffic load
	Arrival probability 10-3 per 2 ms .
	996 kbit/s
	1.8 s


From table 1 it can be seen that when traffic load increases the scheduling delay per PDU increases. It would be of course possible to use different priorities for different services, ie. that a priority of some service would bypass the FiFo principle. It will however mean that the scheduling delay for the rest of the traffic will further increase. 

It is noted that the effect of traffic load to scheduling delay is not only present in HSDPA. The same issue will be present in EDCH.

2.1.1 HSDPA scheduling utilizing CQI information

The other issue which should be noted in HSDPA, that cell capacity can be further optimized if the scheduler utilizes the CQI (channel quality indicator) information in an optimized way. This will not only increase the cell capacity but it will also improve the minimum bitrate per cell, seen e.g. by 90 % of the users. This however means that scheduler needs to have some freedom in time for scheduling, so that it can e.g. avoid scheduling packets to a UE then when the channel status of that UE is at worst level (e.g. in fading).  

This issue was also raised in WG2 several meetings ago, on the basis of which a guaranteed bitrate and discard timer parameter were agreed to be included into the specifications. With discard timer  parameter NodeB gets the freedom in time for scheduling.

Table 2 shows the effect of allowing more freedom in time for scheduling, to utilise CQI information optimally.  This was simulated with PedA , 3km/h, HSDSCH power 8W, HSDSCH codes =7.

Table 2 . The effect of discard timer parameter.

	Discard timer
	Cell throughput

	1 s
	reference

	2 s
	5 %

	3 s
	12 %

	4 s
	21 % 

	5 s
	25 %


3. Conclusion

In this paper, we have clarified the issues related to scheduling delays. It is our view, that it should not be  assumed that scheduling delay is zero, when delay analysis is performed for shorter TTI in enhanced uplink DCH study item. 

Our proposal is that at least a scheduling delay in the order of 100 ms should be included in the analysis of delay benefits of shorter TTI. In practice, the delay could be even larger than that in some cases in the real systems (e.g. see table 2), but 100ms could be a good compromise value to be used in the analysis.
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