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1 Introduction

In this document we present some rationale for the upcoming discussions related to the Enhanced DRX WI.
2 Example of ‘keep-alive’ traffic
In order to design a system that is able to efficiently handle always-on type of applications (e.g. VPN, email, chat/VoIP) we analysed some examples obtained from live networks today. One example is illustrated in Figure 1.
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Figure 1 - 'keep-alive' traffic example

This figure demonstrates that there are some possibilities for introducing DRX opportunities in the middle of the traffic, as this would ‘bundle’ the RLC-ACKs and the data bursts together. However, the considerable saving would come from decreasing t7 as much as possible.

It is worth noting that we also analysed the use of CELL_PCH. However, due to the very bitrate available in CELL_FACH, we observed that the data exchange time was increased in comparison to the example in Figure 1. Therefore, it was difficult to obtain a good overview of the burstiness of data and where the optimisations could be introduced, considering a Rel-7 timeframe. We also noticed that in some cases t7 (in CELL_FACH) was >>1.5s and would benefit from considerable reduction, therefore the reduction of t7 is a significant factor.
With the introduction of an improved UL in CELL_FACH (Rel-8) and the HS-DSCH reception (Rel-7) the picture could change considerably. Hence we expect the traffic profile in CELL_FACH to become more similar to CELL_DCH. This is the area where we would benefit from a more efficient use of CELL_FACH/PCH and state transition.
3 Efficient CELL_FACH → CELL_PCH State Transition
In general the state transition from CELL_FACH to CELL_PCH is characterised by a burst of data followed by some inactivity and finally the signalling procedure that moves the UE to CELL_PCH. This is illustrated in Figure 2.
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Figure 2 - Transition from CELL_FACH to CELL_PCH
It is easily noticeable that the introduction of a DRX scheme in CELL_FACH would give immediate benefits to UE battery saving. If this scheme targets mainly the reduction of t7 (Inactivity Timer), then the benefits would be proportional to the length of the Inactivity Timer.

In addition, a DRX scheme could also ‘bundle’ the RLC-ACKs and the U-plane data together. This may also benefit the periods during the data transmission. However, this may cause some delays to U-plane procedure and therefore keep the UE in CELL_FACH for a longer period, which would decrease the benefits battery saving.

A simple common ground between the two approaches above is to define a fixed DRX pattern that is is constant use for the whole time the UE is in CELL_FACH state (i.e. during data transfer, and Inactivity Timer).

During the Enhanced CELL_FACH DL for Rel-7, it was felt in RAN2 that any optimisations to the CELL_FACH to CELL_PCH state procedure were too complex, especially given that the discussion was had when the WI was nearly complete.
We feel that this situation should be re-evaluated taking into account the Enhanced CELL_FACH UL WI. Therefore, we shortly rediscuss some of the relevant points and alternatives.

3.1 L1/MAC state transition commands

One of the potential optimisations for the state transition is to introduce a Node B command to the UE, as this would shorten the procedure time.
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Figure 3 - Node B state transition command
As shown in Figure 3, any lower layer state transition command still requires synchronisation between UE, Node B and RNC. As already analysed in Rel-7, this idea has no great advantage for Iub or Uu traffic overhead. In addition, it would be a signalling message in Uu interface without any associated security protection.
It’s also worth noting that it does not decrease any Inactivity time usage (t7 in Figure 1), therefore any benefits to UE battery saving will be minimal.

3.2 Autonomous state transition

The main difficulty with autonomous state transitions from CELL_FACH to CELL_PCH is the synchronisation between UE and RNC. Any de-synchronisation will cause further data to be scheduled incorrectly leading to wasted resources which is undesirable.
There are some possibilities for improvement, depending on the UL enhancements to CELL_FACH mainly due to potential Node B controlled resource allocation. In this section we demonstrate two examples of how an autonomous state transition could be achieved. Both examples are based on similar principles:
a) DRX periods are multiples of each other

b) State/DRX activity is linked to allocated UL resources. Note that the DRX pattern could also fixed and independent of UL resource allocation.
c) Transition from HS-SCCH monitoring to PICH monitoring is done only after an extended Inactivity time that ensures state synchronisation between UE and RNC.
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Figure 4 - Autonomous state transition I
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Figure 5 - Autonomous state transition II
4 Conclusion
In this document showed that optimisations should target the CELL_FACH inactivity timers by means of a HS-DSCH DRX cycle.

Furthermore, we demonstrate that improvements to the state transitions would be possible. However, any work done in this area should take into account the optimisations introduced by the Enhanced CELL_FACH Uplink WI.
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