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Discussion
1
Introduction

Continuous Packet Connectivity of Release 7 introduced DTX and DRX patterns for CELL_DCH state in order to improve UE battery savings and system capacity [1]. In addition the CELL_FACH state was enhanced with HS-DSCH data transmission capability to make the CELL_FACH state usage wider. HS-DSCH was also extended to cover data transmission (paging and small amount of data) already in CELL_PCH state [2]. 
However, the defined CPC methods don’t really adapt to data inactivity in CELL_DCH state. Thus the UE power saving is limited by the short DRX cycles in inactive case. Similarly, introduced improvements into CELL_FACH state didn’t include mechanisms for power saving possibilities for the UE, but instead UE has to listen to HS-SCCH continuously when being in CELL_FACH state. This is seen very problematic especially with keep-alive messages that require data transmission in CELL_FACH state as illustrated in [3].
2
Motivations
The reasons to improve the UE DRX possibilities: 

· No DRX adaptivity to data inactivity in CELL_DCH state
· Data rate dependency onto UL DTX has not been taken into account
· No DRX possibility in CELL_FACH state

· State transition from CELL_FACH to CELL_PCH state requires RRC signalling
3
Proposed enhancements for UE DRX possibilities
3.1
DRX adaptivity to data inactivity

In order to add more adaptivity to DTX/DRX patterns in CELL_DCH state additional DRX cycle is proposed to be added to form together two cycles, namely cycle 1 and cycle 2. The transition is from continuous mode first to cycle 1 and then to cycle 2 if inactivity continues for the certain time. When the UE is in cycle 2 mode and it has something to send in UL it could move to the cycle 1 mode and if there is data in downlink it moves to continuous reception. Figure 1 presents this procedure.
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Figure 1 DRX cycle state transitions in CELL_DCH state.

3.2
UL DPCCH DTX adaptivity to data rate
Another improvement for CELL_DCH state would be to adapt DPCCH transmission according to granted data rate in UL. It’s assumed that with lower granted data rate the DPCCH transmission duty cycle doesn’t need to be as high as with higher granted data rate. Figure 2 gives illustration how UL DPCCH DTX cycles could be utilized. 
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Figure 2 UL DPCCH DTX cycle transitions according to grants.

3.3
DRX in CELL_FACH
As stated in chapter 2, CELL_FACH state suffers from continuous reception. As the timer for moving the UE from CELL_FACH state to CELL_PCH state cannot be too short and thus always-on application’s frequent keep-alive messages makes the UE dwell in the CELL_FACH state for a few seconds repeatedly. This power consumption ends up reducing a significant portion of UE’s stand by time. It is worth noting that the length of stay in CELL_FACH state is also related to the data profile of the ‘keep-alive’ packets exchange (e.g. a few packets with moderate inactivity gaps in between).
Studies for DRX in CELL_FACH state for Release 7 indicated difficulties to introduce a reliable mechanism to prevent synchronization problems between UTRAN and UE [4, 5]. To be able to introduce a DRX scheme in CELL_FACH state, the asynchronous state transition from CELL_PCH to CELL_FACH between the UE and RNC has to be noticed. A simple solution is to define known and static DRX pattern which tells when the UE listens to downlink channels. 

It’s proposed to define known fixed DRX pattern including three parts with known fixed lengths:

· UE: basic monitoring window (BMW)

· Monitored always by the UE

· Scheduling flexibility window, possibility to transmit new data only

· Retransmission monitoring window (RMW)

· Length is the length of BMW times the number of fixed retransmissions.

· UE required to monitor when no successful reception in BMW

· DRX period

· No monitoring by the UE

· Maximum data delay is (if scheduling flexibility allows new data to be transmitted during one BMW) delay due to scheduling flexibility within one BMW + RMW length + DRX period length.

· DRX cycle

· BMW, RMW and DRX period comprise a DRX cycle of which parameters the network can adjust

· Power saving

· Relation between (BMW + x*RMW) and DRX define the UE power consumption saving (x = average number of transmissions needed to be received per packet).

Above DRX scheme is presented in Figure 3.
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Figure 3 DRX scheme in CELL_FACH state.

3.4
CELL_FACH to CELL_PCH state transition
Since currently the state transition is done by RRC signalling, the stay in CELL_FACH state with continuous reception is extended in time to cover RRC signalling delay. To reduce the additional delay, it’s proposed together with fixed DRX mechanism in section 3.3 that after certain inactive (i.e. no detection of HS-SCCH in the monitored subframes by the UE) DRX cycles, the UE will automatically move to CELL_PCH state. This could also significantly reduce the RRC signalling load in the system if a large number of users are transmitting frequent always-on keep-alive messages.
4
Conclusions

This paper discussed about needed improvements into Release 8 concerning UE power savings. The following enhancements are proposed:
· Add another DRX cycle into CELL_DCH state in order to have more adaptivity according to data inactivity

· UL DPCCH DTX cycle could depend on allowed serving grants in CELL_DCH state

· Fixed DRX pattern into CELL_FACH state

· Automatic CELL_FACH to CELL_PCH state transition
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