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1
Introduction

RAN#52 has approved a new WI on further enhancements to CELL_FACH as a part of Rel-11 [1]. One of the research topics in this WI is the UE battery life improvement and signaling reduction. As the outcome of the discussion, RAN2#76 has concluded that “Introduce 2nd DRX cycle in CELL_FACH”. 

During the RAN2#77 meeting, there was a discussion on technical aspects of the 2nd DRX feature, where there was a proposal on extending the existent DRX cycle as a part of overall enhancements. RAN2 did not reach any conclusion on that point. In this paper, we present some simulation results indicating that having an extended DRX cycle with the 2nd DRX feature can bring further gains in terms of reducing the UE power consumption.

2
CELL_FACH 2nd DRX enhancements

As mentioned in the Introduction section, as part of the enhancements for the 2nd DRX in CELL_FACH, it has been proposed to extend further the size of the DRX cycle. As an example, the DRX functionality for the CELL_DCH state also has two cycles, where cycle length values overlap to allow for the better flexibility in configuring the parameters. Following the same design principles, it seems beneficial to allow a similar overlapping of the first and second DRX cycle length values also for the CELL_FACH state.  

Here, we compare the 2nd DRX mechanism when the DRX cycle is limited to 320ms, as per legacy Rel-8 behavior, to the scenario when the DRX cycle is further extended to larger values. Note that the 2nd DRX is also enabled in all the simulation case. Table 1 presents the relevant parameters used in the simulations.

Table 1: Simulation parameters

	Parameter 
	Two-level DRX

	CELL_FACH throughput
	100 Kbit/s

	CELL_FACH 1st DRX cycle
	320 / 640 / 1280 ms

	CELL_FACH 1st DRX Rx burst length
	10 ms

	CELL_FACH 1st DRX trigger timeout (T321)
	400 ms

	CELL_FACH 2nd DRX cycle
	2560 ms

	CELL_FACH 2nd DRX Rx burst length
	10 ms

	CELL_FACH 2nd DRX trigger timeout
	5120 ms


Figure 1 presents a few application traces recorded in RAN as they destined towards a UE. The exact application type of first traces is not known, whereas last two ones correspond to the iChat application. As can be seen, traffic profiles can be quite different, ranging from quite regular activity as in case of the iChat application, to highly irregular ones;  packet sizes can also vary a lot.
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Figure 1: Application traffic traces

Table 2 presents a summary for the simulation results, when all the aforementioned traffic traces were tested against the 2nd DRX mechanism with different value for the DRX cycle.  While comparing the results with the DRX cycle of 320ms (Rel-8 value) to the larger cycle values of 640ms and 1280ms, one can notice that there is a relatively marginal improvement in the “ON time” for non-regular traffic patterns. Indeed, in absence of data activity, a UE would enter the 2nd DRX cycle and stay there. Thus, the impact of the DRX cycle length is quite marginal. At the same time, once we start to consider more regular traffic patterns, then we can notice a benefit from having a larger DRX cycle value. Since a UE cannot always enter immediately the 2nd DRX cycle, then it helps that the DRX cycle is of the larger value. 

Since it is not possible to predict now what kind of application traffic patterns there will be, it does not seem beneficial to limit artificially the network side with values for the 1st and 2nd DRX cycles.  

Table 2: Simulation results for different DRX cycle lengths

	Trace 
	Rx time (%)
	Listen time before  1st DRX (%)
	1st DRX time (%)
	2nd DRX time (%)
	Total ON time (%)

	DRX cycle 320 ms

	Trace 1
	0
	0.3
	2.9
	96.8
	0.8

	Trace 2
	0.1
	0.7
	2.4
	96.8
	1.3

	Trace 3
	5.9
	6.8
	35.2
	52
	14.1

	Trace 4
	2.9
	7.2
	36.6
	53.3
	11.5

	DRX cycle 640 ms

	Trace 1
	0
	0.3
	2.9
	96.8
	0.7

	Trace 2
	0.1
	0.7
	2.5
	96.7
	1.2

	Trace 3
	5.9
	6
	36
	52
	12.8

	Trace 4
	2.9
	6.3
	37.5
	53.3
	10

	DRX cycle 1280ms

	Trace 1
	0
	0.3
	3
	96.7
	0.7

	Trace 2
	0.1
	0.5
	2.9
	96.5
	1

	Trace 3
	5.9
	5.1
	38.1
	50.8
	11.6

	Trace 4
	2.9
	6
	37.9
	53.3
	9.4


Proposal 1: As a part of further enhancements for the 2nd DRX, increase the maximum size of the DRX cycle.

3
Other aspects

Even though further enhanced DRX for the CELL_FACH state is perceived by a few companies as a more efficient state than URA_PCH/CELL_PCH from the RRC signalling load point of view, our position is that both solutions can co-exist and complement efficiently each other. In particular, the network can configure (further enhanced) DRX for CELL_FACH with one set of parameters, and still broadcast parameters for and move UEs to more power efficient states, e.g., URA_PCH/CELL_PCH.  As a result, fast dormancy requests should be allowed if the further enhanced DRX cycle length is shorter than one broadcasted for the xxx_PCH and/or Idle mode.

Proposal 2: Allow a UE to send the SCRI requests if the 2nd  DRX is configured by the network.

During the RAN2#77 meeting, there were a few proposals on making a UE listen to the PICH channel in 2nd DRX instead of the HS-SCCH channel, as the legacy procedure dictates. The reasoning for such a solution is not clear with regards to benefits it will provide. In particular, it has been a common assumption in RAN2 that  while listening to PICH and HS-SCCH channels, the power consumption  is comparably the same or the difference is quite marginal. If so, there is no need to introduce a new functionality at the network and UE sides for the 2nd DRX. Otherwise, the network and a UE can always rely upon the URA/CELL_PCH states available from R99. 

Proposal 3: A UE listens to the HS-SCCH channel in the 2nd DRX cycle.

4
Conclusion

As a summary, our proposals are:

Proposal 1: As a part of further enhancements for the 2nd DRX, increase the maximum size of the DRX cycle.

Proposal 2: Allow a UE to send the SCRI requests if the 2nd  DRX is configured by the network.

Proposal 3: A UE listens to the HS-SCCH channel in the 2nd DRX cycle.
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