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1 Introduction
In the context of UE battery life improvements and signalling reduction [1] several other contributions have been discussed in RAN2#74 [2], [3], [4], [5]. Several companies see the benefit of a second DRX cycle and/or extending the range of existing DRX parameters in CELL_FACH state, to both improve the battery consumption for the UE and reduce the signalling load for the network (i.e. avoiding transitions to better DRX states). 
In this document DRX improvements in CELL_FACH state are discussed further. 
2 Background
DRX is supported in Idle mode, CELL_PCH and URA_PCH (UTRAN DRX cycle length coefficient): 
	State
	DRX cycle range
	DRX cycle coefficient

	Idle
	640 ms - 5,12s  
	k=6-9, 2^k*10ms

	CELL_PCH/URA_PCH
	80 ms - 5,12s  
	k=3-9, 2^k*10ms


The Idle mode parameters are broadcasted in SIB1, while the PCH state parameters are included in dedicated signalling. 

In Release 7 a second DRX scheme is introduced in CELL_PCH and URA_PCH to allow fast paging after state transition to CELL_PCH or URA_PCH (Support for Two DRX schemes in URA_PCH and CELL_PCH). After entering CELL_PCH/URA_PCH state, the UE applies the second DRX scheme and starts T319 (if supported by the UE and configured by the NW). The second DRX parameters are included in dedicated signalling, similar to the DRX parameters in PCH states. This DRX scheme mainly improves paging response when entering PCH state, and to a lesser improves the power consumption in the UE. 
The CPC feature (Support of DPCCH Discontinuous Transmission) introduced in release 7 uses DTX-DRX scheme in CELL_DCH state. Based on inactivity the UE autonomously switches to a longer DTX cycle [6]. DTX-DRX parameters are signaled in dedicated RRC signalling.
In release 8 DRX in CELL_FACH is introduced (Enhanced UE DRX/ Support of HS-DSCH DRX operation). Based on Inactivity timer, the UE autonomously reverts to DRX, when there is no traffic. The Enhanced UE DRX parameters are broadcasted in SIB5/5bis. 
	Parameter
	Comment

	Inactivity timer T321
	Determines the time the UE waits until initiating DRX operation, in (100, 200,  400, 800) ms

	HS-DSCH DRX cycleFACH
	Determines the length of the DRX Cycle during DRX operation (40, 80, 160, 320) ms

	HS-DSCH Rx burstFACH:
	Determines the period within the DRX Cycle that the UE continuously receives HS-DSCH, in frames (10, 20, 40, 80, 160) ms


3 Discussion
The Enhanced UE DRX feature (Rel-8) was introduced to enable efficient battery consumption with infrequent data transfer in CELL_FACH state [7]. Such infrequent data transfer may occur when small packets are transmitted periodically to keep IP applications "alive". The “Inactivity timer”, “DRX cycle” and "Rx Burst Length" in Enhanced UE DRX are the key contributors to the UE power consumption, as depicted in Figure 1 below. 
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Figure 1: Enhanced UE DRX pattern.
The minimum Inactivity timer value for T321 is 100 ms. while the longest DRX cycle in CELL_FACH (HS-DSCH DRX cycleFACH) is 320 ms. This DRX cycle is considerably shorter compared to the traditional DRX states in UMTS (Idle mode, CELL/URA_PCH), which can support up to 5120 ms. The DRX cycles used in life networks in the traditional DRX states vary, i.e. but typical settings are 640, 1280 and 2560 ms. Finally LTE (Rel-10) has also much more power efficient, DRX-schemes including a wider range and more values. The DRX cycles range between 10 - 2560 ms for long DRX cycles and between 2 - 640 ms for short DRX cycles, while the Inactivity timer ranges between 1 - 2560 ms. 
When the network wants to use the Enhanced CELL_FACH state as a more permanent state, and give a similar battery lifetime performance compared to traditional DRX states, the existing DRX value range is considered insufficient. 
Observation 1: The existing DRX cycle range in CELL_FACH is insufficient to support power efficient residence in CELL_FACH state other than transient. 
The Rx duty percentage, determined by DRX cycle length and Rx Burst Length, gives the first order effect on power consumption in the UE. But also the Inactivity timer influences the power consumption in CELL_FACH state.  

Observation 2: Inactivity timer values and Rx Burst Length values can be further optimized for better power consumption.
When CELL_FACH is deployed as a more resident state, the DRX cycle should be similar to the traditional DRX states.  
Proposal 1: Introduce a second longer DRX cycle for CELL_FACH DRX with value range similar to Idle mode and PCH states (suggested parameter values for DRX cycle 2 {640, 1280, 2560, 5120} ms)

For even better power consumption, the Inactivity timer and Burst Size can be shortened. 
Proposal 2: Introduce shorter Inactivity timer for CELL_FACH DRX to allow quicker DRX state change (suggested parameter values for T3xx is {10, 50} ms)
Proposal 3: Consider introducing a shorter Burst Size for CELL_FACH DRX to further reduce battery consumption (suggested parameter values for Burst Size 2 is {2, 6} ms)

The new and longer DRX cycle 2 can be used in combination with the existing DRX cycle, creating a 2-level DRX scheme, where the UE goes into "deeper" DRX based on inactivity. 

Proposal 4: Introduce a 2-level DRX scheme in CELL_FACH state where the UE autonomously switches DRX cycle based using (shorter) Inactivity timer.
Further optimization of power consumption can be achieved, when there is knowledge at either network or UE side, that no further data will be sent/received for some time. Based on this knowledge the UE can switch to the longer DRX more quickly and not wait for the Inactivity Timer to expire. The UE could signal a "Fast Dormancy" type of request to the network, and/or the network could use a new HS-SCCH order to trigger a DRX cycle change in the UE. 
Proposal 5: Discuss network and/or UE control to change DRX cycle
4 Summary

RAN2 is kindly requested to discuss an extended value range for Inactivity timer and DRX cycle to improve power consumption further in CELL_FACH state.
Proposal 1: Introduce a second longer DRX cycle for CELL_FACH DRX with value range similar to Idle mode and PCH states (suggested parameter values for DRX cycle 2 {640, 1280, 2560, 5120} ms)

Proposal 2: Introduce shorter Inactivity timer for CELL_FACH DRX to allow quicker DRX state change (suggested parameter values for T3xx is {10, 50} ms)
Proposal 3: Consider introducing a shorter Burst Size for CELL_FACH DRX to further reduce battery consumption (suggested parameter values for Burst Size 2 is {2, 6} ms)

Proposal 4: Introduce a 2-level DRX scheme in CELL_FACH state where the UE autonomously switches DRX cycle based using (shorter) Inactivity timer.

Proposal 5: Discuss network and/or UE control to change DRX cycle
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