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1
Introduction
In recent meetings significant progress for Enhanced CELL_FACH WI has been made. In this contribution we discuss the benefits and possible DRX scheme for enhanced CELL_FACH state, which was one of the objectives of the WI. 
2
Motivation for DRX
In Rel99 CELL_FACH operation the UE is constantly decoding the selected S-CCPCH and stops decoding only during FACH measurement occasion for measuring the inter frequency and inter RAT cells. Thus in Rel99, the UEs has no possibilities to shut down the receiver in CELL_FACH state for power saving purposes. 
It has been argued in Enhanced CELL_FACH state WI that if the CELL_FACH state is transition state between CELL/URA_PCH and CELL_DCH state and “long camping” in CELL_FACH state will not be performed, and thus the power consumption in CELL_FACH state is minimal. 
However, in these discussions the common understanding what is “long” and what is “transition state” from real time values was not addressed. From our perspective, the “long” would mean tens of second CELL_FACH state camping times and transition state with camping times between 1-10 seconds are quite reasonable assumptions, without or with low data activity. 
On the other hand, the increased usage of "always on"- type of services like PoC, Push email and VPN via UTRAN will introduce increased number of frequent but small packets to be transmitted between UE and server, e.g. one packet size of few bytes in every 30 to 60 seconds. The Figure 1 illustrates an estimation of UE standby time when Rel99 CELL_FACH is used to transmit keep-alive signalling, based on following assumptions, CELL_FACH state power consumption >> CELL/URA_PCH state (in the order of x40, due to baseband processing and receiver), CELL_FACH inactivity 2 s before state transition to URA/CELL_PCH state initiated. The maximum standby time assumed is approximately 260 hours. 
As we can see from the Figure 1 that one packet in every 30 seconds will significantly shorten UE standby times.. In this estimation, no other normal operation (e.g. voice calls, actual email downloads, WEB) is considered.
The conditions that contribute to UE battery drain, such as the active periods of RF receiver, do not significantly change with the usage of a transport channel with higher bit rate than the R99 FACH. The factors mainly contributing to the UE power consumption are still heavily dependent on the keep-alive periods and the CELL_FACH inactivity timer.
Clearly a better solution that tolerates these very typical use cases without drastically reducing the UE battery life is needed. 
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Figure 1: Estimated UE Standby time in function of the keep-alive message

When looking at the problem there seem to be the following options available for the system, when traffic volume indicates a small amount of data to be delivered.

1. Deliver the data on CELL_FACH, after 1…10 s inactivity move the UE back to CELL_PCH.

2. Deliver the data on CELL_FACH, after < 1 s inactivity move the UE back to CELL_PCH in order to save UE power.

3. Move the UE immediately to CELL_DCH for data delivery, after 1…10 s inactivity move the UE back to CELL_PCH, rely on CPC for lower UE power consumption.

4. Move the UE immediately to CELL_DCH for data delivery, after < 1 s inactivity move the UE back to CELL_PCH in order to save UE power.

Case 1 is the problem case shown in Figure 1 which we seek to improve. 

Case 2 is really unacceptable due many typical use cases over IP, where initially there are a few relatively infrequent hand shake packets being exchanged before the actual service data delivery can start. In this case the UE would face the danger of pingponging between CELL_PCH and CELL_FACH.
Case 3 as the data amount to be transmitted to/from UE is only few bytes, the state transition to CELL_DCH state and obtaining the UL synchronisation and keeping the UE in CELL_DCH state until inactivity timer expires consumes the UE battery quite extensively, especially when comparing it to amount of data and type of it (end user does not notice these transmissions). Additionally, moving the UE to the CELL_DCH state will consume also air interface signalling resources and UTRAN physical resources as UE dedicated Node B and Iub resources would be needed before actual data can be delivered to the UE.

Case 4 faces the same problem as case 2 with the additional delays and power battery power required for setting up the dedicated channels. It would most likely mean worse power efficiency than case 1.

As above solutions all have their obvious drawbacks, in the following sections we consider the alternative solution where data is delivered in CELL_FACH state to the UE. In order to reduce UE power consumption a DRX mechanism is introduced for CELL_FACH and for reducing the delays a implicit state transition from CELL_PCH to CELL_FACH is performed by the UE after receiving the DL data. 
3
DRX scheme 
The basic principle of any DRX scheme is to define the known period when the UE shall listen to the DL transmission. For HS-DSCH reception this can be done by defining N subframes out of M subframes during which UE listens to the HS-SCCH, e.g. UE listens 2 HS-SCCH subframes out of 5 HS-SCCH subframes. Such definition would be very simple and would provide robust operation as the network could define the M and N in desirable manner and distribute different UEs in time, so that UEs activity level, and average and maximum delays due to DRX is reasonable. 

However, such definition would not scale the DRX, depending on the needed activity level. In addition, the maximum achieved data rate is limited by DRX parameterisation. From delay and available data rate point of view a scheme where the UE would revert to continuous reception as in CPC would be beneficial. Such a DRX scheme for CELL_FACH state is illustrated in following sections and in Figure 2.

For improved robustness it is shown in Figure 2 that UE receives multiple HS-SCCH subframes so that missing the first transmission will not cause de-synchronisation of DRX periods between the UE and the Node B. Additionally, it is considered that the HARQ retransmission would overlap the DRX pattern, so that if first transmission of frames is missed the UE would automatically try to receive the retransmission. This would lead to a requirement to shorten the minimum gap between HARQ transmission and retransmission from 5 HARQ processes to 4 processes. However, as there is no Ack/NACK feedback in CELL_FACH state this reduction is hardly a problem to existing UE HARQ implementations. 
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Figure 2: Illustration of the DRX in CELL_FACH state
In Figure 2 it is considered that DRX period M would be multiple of 10ms, and additional values could be 20, and 30ms. Then the UE would receive N consecutive HS-SCCH subframes inside DRX period M. When UE detects the HS-SCCH transmission intended to it, it would listen to the HS-SCCH for K continuous subframes without detecting correct H-RNTI before falling back to the DRX operation. I.e. K acts as an inactivity timer. Additionally it is considered that retransmissions would be allowed to be sent after 4 TTIs have passed so that if M is set to 10ms the reception pattern would always be placed in same position in the radio frame, i.e. there would be a need for 5 HARQ processes only.
Generally, the greater the DRX period, the greater the battery saving. This however, is not a linear gain as one may first expect. Depending on the switch on/off times, the UE may or may not be able to take full advantage of the DRX gap. This means that relatively short increases of the DRX gaps will further increase the opportunity for power saving. Nevertheless, it must be taken into account also that the number of consecutively received HS-SCCH sub-frames will need to be increased to take into account the HS-DSCH retransmissions.
Such possibility for a DRX scheme would consider relatively large DRX cycles (M), in the order of 80-120ms, where the consecutive TTI reception time (N) would also be increased, in the order of 10-30ms, to take into account possible HS-DSCH retransmissions. Similar to the previous scheme the UE would enter activate the DRX pattern after a certain number of subframes (K) where the H-RNTI was not detected. This scheme is illustrated in Figure 3, where M=100ms, N=20ms and K=200 subframes.

[image: image3.emf]100ms

DRX

HS

-

SCCH Indicates 

data transmission

20ms

20 subframes

DRX

DRX

HS-SCCH reception due to DRX 

pattern; H-RNTI not detected

H-RNTI detected in HS-SCCH

HS-DSCH reception

Continuous HS-SCCH detection; 

H-RNTI not detected


Figure 3 - longer DRX scheme in CELL_FACH state
The benefits of this scheme would need to be compared to the previous illustration. Generally, the UE has long DRX periods but the reception of a single HS-SCCH with correctly decoded H-RNTI would mean 40ms of continuous reception before the UE would enter the DRX pattern again. The gains of the scheme shown in Figure 3 are dependent on how the packet traffic pattern (number of packets and time distribution).
These schemes also need to consider the current requirements to intra-frequency measurements to CELL_FACH mobility. Unlike CELL/URA_PCH, CELL_FACH state requires the UE to continuously measure identified cells and search for new cells in the monitored cell list.
One other possibility is also to consider the switching from CELL_FACH to CELL_PCH after some time of inactivity. It would be possible to devise a scheme where the UE would continuously monitor the HS-SCCH whilst in CELL_FACH, and after some period of undetected transmission move to CELL_PCH. In addition if direct data transmission by using HS-DSCH for UEs in CELL_PCH would be accepted the state transitions from CELL_PCH to CELL_FACH would happen without RRC signalling. 

Even though, if the UE went to its normal DRX cycle (1.28s), the time distribution of the packets could be such that it would take on average 640ms to achieve the transmission of a packet after inactivity, the possibility to move to CELL_FACH with continuous reception without RRC signalling would allow more frequent state transitions between CELL_FACH and CELL_PCH compared today's solution.

Therefore this would allow to reduce substantially the time the UE spends in CELL_FACH continuously receiving HS-SCCH, and may provide greater benefits for battery saving. 

[image: image4.emf]CELL_PCH

DRX = 1280ms

HS-SCCH indicates data 

transmission

Continuous HS-SCCH 

reception

DRX = 128ms

HS-SCCH reception due to DRX 

pattern; H-RNTI not detected

H-RNTI detected in HS-SCCH

HS-DSCH reception Continuous HS-SCCH detection; 

H-RNTI not detected

CELL_FACH

DRX = 1280ms

DRX = 128ms

DRX = 128ms

CELL_PCH

DRX = 128ms for 3 cycles

Normal DRX 

cycle

PI reception


Figure 4 - Adaptive DRX scheme with state transition
In this scheme the time the UE spends in CELL_FACH could be significantly shorter when compared to the other schemes, therefore giving greater gains in terms of UE power saving. However, due to state switching overhead, this scheme would only be possible if data transmission would be possible in CELL_PCH state together with robust state change to CELL_PCH state.
4
Conclusion
From the analysis above we conclude that in order to support the objectives of the WI, Enhanced CELL_FACH must support improvements for UE battery life such as a DRX scheme. We would propose RAN2 to consider the introduction of such a scheme.

Furthermore, out of the schemes presented above, solution 3 is the one that presents the greater benefits without considerable impacts to the packets delay. Therefore we would propose it to be taken as baseline for future considerations.
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