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1
Introduction
In recent meetings significant progress for Enhanced CELL_FACH WI has been made. However, DRX in CELL_FACH state to introduce power savings was left as an open issue. In [1] it was given a motivation for DRX scheme in CELL_FACH state and different approaches for the DRX scheme were illustrated. However, to keep UTRAN and UE in synchronization from the DRX timing point of view is quite challenging. In this contribution we analyse challenges and difficulties to introduce a DRX scheme in CELL_FACH state which then turns the direction to improve the CELL_FACH to CELL_PCH state transition to improve the utilisation of the DRX in CELL_PCH. To bring power savings but not introduce delay in the same magnitude characteristics in CELL_PCH state, it seems to be feasible to define possibility to gradually go into longer DRX period in CELL_PCH state.
2
DRX in CELL_FACH state
DRX methods in CELL_FACH state could be divided into inactivity and signalling based methods. In inactivity based scheme the DRX in CELL_FACH would change between constant reception and DRX using appropriate inactivity timer associated to data transmission in similar manner as done in CPC.
This option would not require explicit signalling except the signalling of the timer value but the challenge of the scheme is how to maintain the synchronized status between UE and UTRAN on the radio frames that the UE is receiving. There is an asynchronous scheduler in Node B to schedule UEs in CELL_FACH without uplink feedback introducing varying delay of data transmissions and retransmissions and actual correct reception of the data by the UE.. Thus, the UE cannot be entirely sure when data was sent first time from Node B and UTRAN cannot confirm the actual transmission when the UE actually receives data correctly. The latter is due to fact that no fast feedback mechanism terminated by Node B is utilized in enhanced CELL_FACH state which is available in CPC. 
As a summary, there is no feasible and simple way to introduce inactivity based DRX scheme (comparable to CPC) in enhanced CELL_FACH state, due to not having UL feedback and dedicated UL DPCH transmissions with known timing.
In Signalling based DRX scheme the UTRAN would signal a fixed DRX pattern to be used in enhanced CELL_FACH state. Explicit signalling should be used to change the DRX pattern to more suitable for data activity e.g. change the UE to constant reception. 
Compared to inactivity based scheme signalling based scheme would allow easier and not that error prone synchronization between UTRAN and UE. However, to keep the synchronisation between UTRAN and UE, the changes between UEs activity level would be slows as only reliable method would be the RRC signalling. As to provide reasonable level of UE power savings possibilities the DRX periods should be sufficiently long (tens of milliseconds) with sufficiently low duty cycle (50% or less). 

To keep signalling overhead low this scheme would be quite fixed in practical implementation, thus limiting the throughput and increasing the latency in CELL_FACH state if sufficient DRX periods are provided for UE power savings, or if DRX periods are small to avoid throughput and latency problems the UE power savings are not sufficient. 

As a conclusion, introducing DRX in CELL_FACH state with signalling configuration would mean semi-static configuration having challenges to optimise throughput and latency requirements versus the UE power consumption. 
3
Utilising the DRX in CELL_PCH state
As indicated in chapter 2, DRX scheme may not be feasible or implementable in enhanced CELL_FACH state. On the other hand, UE power consumption is a critical issue to be handled. If DRX is not available in CELL_FACH state, the only mechanism to establish power savings is to keep UEs in CELL_FACH state only when the UE is transmitting or receiving data. In other words, staying in CELL_FACH state should be minimized and the state change to CELL_PCH states should be done more aggressively than today.  
When the UE is in CELL_PCH state, it can receive small amount of data without changing the state to CELL_FACH by detecting PICH and then listening to associated HS-SCCH subframes and receiving the data from corresponding HS-DSCHs. With careful design ensuring that successful reception of HS-DSCH would trigger some uplink activity, the trigger to change the state to CELL_FACH state could be defined as when the UE starts transmitting the data or signalling on RACH. After receiving the uplink transmission the UTRAN would know that UE has moved to CELL_PCH without any synchronization problem between UE and UTRAN as in CELL_FACH state the UE would receive the HS-SCCH continuously. 

To avoid loosing RRC state synchronisation between UE and UTRAN, the state transition to CELL_PCH should be signalled by UTRAN by e.g. PHYSICAL_CHANNEL_RECONFIGURATION message where two different DRX cycles could be defined to be used in CELL_PCH. 
The purpose of the two DRX cycles is to have shorter and longer DRX period, e.g. 64 ms and 1280 ms, to introduce a gradual transition into deeper sleep mode while still having a mechanism to keep delay small if there is new data arriving for the UE just after state transition to CELL_PCH state. This method would allow shorter stay in CELL_FACH state because short DRX cycles in the beginning of CELL_PCH state makes it possible to receive data only after short delay if the state transition from CELL_FACH was performed too early. Additionally as direct data transmission is supported the signalling sequence of paging, cell update and cell update confirm before transmitting actual data can be avoided. 

After a certain number of inactive shorter DRX cycles the longer DRX cycle would be taken into use to avoid signalling. Thus without any explicit signalling the UE could go into deeper sleep and utilize the current long DRX cycles in CELL_PCH state. If the longer DRX cycle is a multiple of the shorter DRX cycle and the inactivity timer is several seconds the maintaining the synchronisation between UE and UTRAN would not be a  problem as the original state transition from CELL_FACH to CELL_PCH state was done by explicit signalling and both UE and UTRAN would have almost same start time of the inactivity timer. The potential difference would be the time used to transmit the L2 ack for the complete message to the UE, but as the UTRAN would always start using longer DRX period first, problems introduced by short miss synchronisation time are avoided. The scheme is illustrated in Figure 1. 
The above scheme would require following new functionality to be added on top of existing agreements:

· State transition to CELL_FACH is triggered when the UE sends data as today with addition to clarify the UE actions when receiving data directly in CELL_PCH state
· Additional DRX cycle in CELL_PCH state

· Inactivity timer between two DRX cycles in CELL_PCH state.

As a summary, this scheme doesn’t bring any big change to the current functionality. Thus the complexity to implement the scheme is significantly lower compared to schemes discussed in section 2. On another hand, significant benefits to UE power consumption can be obtained by minimising the CELL_FACH state "camping time" and improving the utilisation of DRX in CELL_PCH. 
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Figure 1 State transition from CELL_FACH to CELL_PCH with two DRX cycles in CELL_PCH.

3
Conclusion
In this contribution it was demonstrated the difficulties to introduce an efficient DRX scheme in CELL_FACH state. 
As a solution to improve UE power consumption in Rel7, it is proposed to minimize the stay in CELL_FACH state by doing fast state transition to CELL_PCH state to utilize DRX of that state. By introducing an additional DRX cycle to CELL_PCH state it’s possible to react faster to data arriving just after the state transition. Additionally, to avoid signalling between UE and UTRAN it is proposed that UE can change to the longer DRX cycle without any explicit signalling after a certain time in CELL_PCH.
This solution could also be applied to paging over SCCPCH (i.e. independent of HS-DSCH usage in CELL_PCH). 
If this approach is acceptable to RAN2 Nokia will bring necessary CRs to the next meeting.
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