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1. Introduction

Under the HSDPA work item will be defined one or multiple shared downlink physical channels that will be time-shared by a large number of users active in the system. Higher average throughput on these channels will be achieved by scheduling the transmission to each user when their channel conditions are favorable and by selecting the modulation order and coding to fit these channel conditions.

2. Problem

Several proposals are right now on the table. Most of these make the assumption that every user active on the HSDPA channel would also be allocated an associated dedicated physical channel that would carry some of the physical layer control information and the DCCH traffic. In document [1], it is claimed that a physical channel with available data rate of 0.9kbps (which is what would be available for the DCCH if a physical channel of SF=512 were used) would not be sufficient in order to ensure reasonable delays on time-critical signaling messages. Thus, channelization codes of at least SF=256 should be used to carry downlink DCCH traffic. This means that with 100 active users on the HSDPA channel, the code usage for these channels alone would represent almost the entire code-space [2]. This would obviously penalize significantly system capacity.

3. Solution

DCCH traffic is very bursty in nature, with low duty cycle and relatively small payload sizes. Allocating dedicated resources for it is intrinsically wasteful. What was proposed in [3] was to allow the mapping of the DCCH on the HS-DSCH. At the time some questions were raised about the potential delay on signaling traffic resulting from this mapping. 

It is true that systems that rely on channel-sensitive scheduling may result in very long delays for users subject to poor channel conditions. It is also true that schedulers that provide delay guaranties result in lower overall throughputs. However, we can show that given how light the signaling traffic is, even if it is given higher priority than other data traffic irrespective of channel conditions (which is probably a worse case scenario) the impact on the overall throughput is minimal.

We will consider the following assumptions:

- The system includes 100 active users. This is the assumption made when analyzing code-space usage for systems mapping the DCCH on dedicated physical channels.

- Signaling traffic is dominated by recurring messages (handover messages) rather than one-time messages (connection establishment and release). This is a fair assumption in the case where the data calls last for more than a few minutes (valid for most user models).

- The average time between active set updates for a given user is 10 to 20s. This is a result that has been observed in the field. 

- There are going to be at least two SF=16 channelization codes used for the HS-PDSCH channel.

- The TTI length is 3 slots = 2ms.

- The minimum data-rate on the HS-PDSCH corresponds to QPSK modulation and rate ¼ th coding. This means that the minimum packet size is: 2(QPSK)*3(slots/TTI)*2560(Chips/slot)/16(SF)/4(Coding rate) = 240 bits.

- The size of the active set update and measurement control messages are 85bits and 444bits respectively [1]. Both are assumed to be transmitted every time the active set needs to be updated.

- There is enough power for the data channel so that all users in the system can be reached at the lowest rate with an average of two re-transmission, within 100ms of a request. 100ms should be long enough to reach the peak of the average fading cycle. 

- The round trip time for the HARQ is assumed to be 10ms.

Based on these assumptions it is easy to see that in order to complete the active set update for any user it would take at most:

 (Message Size)/(Number of codes * packet size per code) = (444+85)/(2*240) = 1.10 TTIs.

Since for a single user, active set updates occur every 10 to 20s, for 100 users the updates will occur every 0.1 to 0.2 seconds. This means that, given that there are three transmissions per message and that each message takes up 1.10 TTIs, each message will hold the HSDPA channel for 3*1.10*2ms = 6.6ms. This represents 3.3 to 6.6% of the time. Therefore, if we do not count signaling as traffic, the throughput penalty incurred is 3.3 to 6.6%. The resulting average delay for the messages will be 20ms, i.e. two times the round trip time assumed for HARQ, plus 100ms waiting for the right channel conditions plus 2ms just in case signaling messages are sent to two UEs at the same time. Even for the worse case scenarios where up to six re-transmissions could be needed, the total would still be less than 200ms.

4. Conclusion

The analysis relies very heavily on the list of assumptions that was presented. These were purposely picked to be pessimistic so as to further emphasize the fact that delay on signaling messages sent on the HS-DSCH is not an issue at all. And that even a very simplistic scheduler that gives absolute priority to signaling messages could give reasonable delay without penalizing significantly the overall system throughput.
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