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1 Introduction
In RAN2#57 it was agreed to enhance the support for UE battery saving either by introducing DRX in CELL_FACH or by optimizing the transition to and from CELL_PCH state. The remaining issue is how to achieve a quick but robust change into DRX, with the goal of sub second transmission to DRX after completed transmission.
At the same meeting, transmission and reception of DCCH/DTCH was agreed for the CELL_PCH state. This means that the CELL_FACH and CELL_PCH states are now more similar than before, and that transition from CELL_PCH to CELL_FACH in principle could occur without RRC signaling, since the CELL_FACH configuration including C-RNTI and H-RNTI is kept also in CELL_PCH. UE needs only to store the CELL_FACH configuration in CELL_PCH.
The purpose of this contribution is to compare the two alternatives, i.e. DRX in CELL_FACH or fast transition to CELL_PCH.
2 Explicit vs Implicit transition to DRX
Transition to DRX can be handled either by explicit signaling or implicitly by timers monitoring user activity in UE and NodeB. This chapter evaluates pros and cons of each solution. This applies to both DRX in CELL_FACH and fast transition to CELL_PCH.
Explicit transition could be realized by the NodeB indicating in HS-SCCH that the UE shall move to DRX. To avoid misalignment between UE and NodeB as to whether DRX is on or not, the UE would need to acknowledge this command using RACH. As the goal is a very fast transition to DRX after finished transmission, the amount of transitions to and from DRX can be expected to increase significantly from current levels, thus also increasing HS-SCCH and RACH load. The benefit of explicit transition is that it provides a reliable switch to DRX mode. 

Pro: Reliable switch to DRX mode

Con: Increased signaling load (HS-SCCH and RACH)
Implicit transition is triggered by inactivity timers in UE and NodeB. The network side timer shall be in the NodeB, as this is where data is scheduled. A robust solution is to monitor the number of DRX cycles that no activity is present in either uplink or downlink. The DRX cycle and starting point relative to SFN shall be signaled at call setup. A drawback of implicit transition to DRX is that missed transmissions may bring UE and NodeB into different DRX modes, as analyzed in section ‎2.1.

Pro: No overhead from transitions between DRX modes

Con: Risk of misalignment between UE and NodeB of current DRX mode

2.1 Analysis of error cases
Error in the transition to DRX mode may result in misalignment of the UE and NodeB DRX mode. For example, if implicit transition to DRX is applied, DRX mode misalignment occurs if the UE misses a HS-SCCH scheduling over the radio interface. This could be problematic especially for the fast transition to CELL_PCH, since the UE is reached differently in these states. 
Below is a short analysis of the impact of DRX mode misalignment on downlink traffic. DRX mode misalignment will not affect the uplink traffic as the data transmission procedure is the same in both states.

In this analysis, the inactivity monitoring of both UL and DL traffic is considered. 

Case 1. DRX in CELL_FACH

· If the NodeB misses an uplink transmission and believes the UE is in DRX mode although it is not, the NodeB will wait for the next transmission occasion according to the DRX cycle. This will introduce a small delay, but the UE will be reached. No problem.

· If the UE misses a downlink transmission and goes to DRX before the NodeB, the NodeB may not be able to reach the UE, unless the transmission occurs exactly in the TTI according to the DRX cycle. Detection of missed transmission will be difficult without L1 feedback in CELL_FACH. Any UL transmission will resolve the situation, as it will take the UE out of DRX. 
The probability of hitting the DRX cycle can be increased by clever configuration of the DRX mode and HARQ repetitions. For instance, considering the 2/8 DRX mode in chapter ‎3.1, HARQ repetitions should be either back to back, or if a higher diversity gain is preferred, with e.g. 2 subframes interval, as in Figure 1. In this way, the probability of hitting a TTI where the UE is listening is 0.75, when using 3 HARQ repetitions.


[image: image1]
Figure 1: Aligning HARQ repetition patter to DRX cycle
Case 2. Fast transition to CELL_PCH

· If the NodeB misses an uplink transmission and believes the UE is in CELL_PCH although it is not, the NodeB will wait for the next paging occasion and then transmit PICH. This will not be noticed by the UE in CELL_FACH, but the DCCH/DTCH message transmitted on HS-DSCH after PICH will be detected and received by the UE. No problem.

· If the UE misses a downlink transmission and goes to CELL_PCH before the NodeB, the NodeB will not reach the UE over HS-DSCH, since the UE is only monitoring PICH. Without L1 feedback, resolving the situation is difficult. As before, any UL transmission will resolve the situation, as it will take the UE out of DRX.
Conclusion: According to this analysis, implicit transition to DRX mode is only applicable for DRX in CELL_FACH, and requires careful design of DRX cycle and HARQ repetition pattern.
3 DRX in CELL_FACH
3.1 Definition of DRX cycles
Given a quick transition to DRX after completed transmission, the first DRX cycle should be as short as possible to avoid performance loss, but still long enough to give a power saving gain for the UE. One possibility is to align the DRX modes in CELL_FACH with those used in CPC ‎[3]. This may simplify UE implementations. In CPC, the following DRX cycles are defined 2/8, 1/8 and 1/16, corresponding to reading HS-SCCH every 4th, 8th or 16th subframe. Using several DRX cycles gives the possibility to configure for either good battery saving or fast responsiveness. Also dynamic switching between DRX modes can be envisioned. The UE would start using the shortest DRX cycle, and then successively increase the cycle if no traffic is present. By allocating the DRX cycles in power of 2, the active subframes will overlap, which increases the possibility to reach the UE in case DRX mode in UE and NodeB is misaligned, see Figure 2. 

[image: image2]
Figure 2: Proposed DRX cycle definition for CELL_FACH 

3.2 Transition to DRX

The NodeB needs to send the DRX mode and inactivity timer configuration to the UE when the radio access bearer is established. The inactivity timer could be based on DRX cycles, so that UE moved to DRX after a given number of idle DRX cycles. This would increase robustness, as DRX cycle is common for both UE and network. 
In its simplest form, only one DRX mode is applied in CELL_FACH. After a longer period of inactivity, the downswitch timer to CELL_PCH expires and the UE is moved to CELL_PCH with RRC signalling as in Rel-6. 
Figure 2 shows a more advanced option, where the DRX mode is dynamically changed according to the length of inactivity. This increases the power efficiency after longer periods of inactivity, and allows keeping UEs longer in CELL_FACH state. With the improved upswitch times from CELL_PCH to CELL_FACH, the gain of this is however questionable.

[image: image3]
Figure 3: DRX activation in UE and NW. In this example, the shortest DRX cycle is 4 subframes and the UE moves to DRX after 4 silent DRX cycles. 
4 Fast transition to CELL_PCH
4.1 Definition of DRX cycle
The minimum DRX cycle in Rel-6 is 80 ms. This needs to be reduced to support quick direct transition to CELL_PCH without sacrificing the service quality. 

The PICH frame is 10 ms, divided into 288 paging indicators. The position of the Paging Indication (PI) for a specific UE within the PICH frame is varied based on PI and SFN according to formula in ‎[4]. The minimum DRX cycle is then 10 ms, in which case the UE reads its PI in every radio frame. Having detected a positive PI, the UE shall decode the corresponding subframe.
4.2 Transition into DRX

According the analysis in ‎chapter 2.1, only explicit transition to DRX mode is applicable for fast transition to CELL_PCH. Depending on traffic pattern, this may increase the signaling load significantly. NodeB can use HS-SCCH to signal to the UE to move into DRX. The UE shall respond with RACH acknowledging the transition to DRX.
The RNC must also be informed of the transition to DRX, since it involves a change of RRC state. This requires a new NBAP procedure over Iub.
4.3 Variable DRX in CELL_PCH

Responsiveness in CELL_PCH can be improved by introducing a variable DRX cycle, such that sleep time increases with the duration of inactivity. A similar solution is proposed in ‎[2].

Preferably, as for CELL_FACH, the DRX cycles should be chosen in powers of 2, so that active frames overlap in the different stages. This increases the possibility of reaching the UE in case of DRX mode misalignment.
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5 Conclusion and proposal
In this contribution, we have analyzed different options of introducing a fast transition to DRX from CELL_FACH. Based on the analysis, we conclude that:

· Implicit transition to DRX mode (i.e. without signaling) is only applicable for DRX in CELL_FACH 
· Explicit transition to DRX mode will increase the signaling load on HS-SCCH and RACH, depending on the traffic pattern.
· With implicit transition to DRX in CELL_FACH, careful design of the DRX cycle and HARQ repetition pattern is needed to avoid problems at DRX mode misalignment between UE and NodeB. Basing the DRX mode in CELL_FACH on CPC may be a good basis.

· Fast transition to DRX in CELL_FACH can be kept between the UE and NodeB, whereas fast transition to CELL_PCH must be signaled also to the RNC over Iub.
Based on these conclusions, it is not totally clear which of the options is more preferable. We note that both DRX in CELL_FACH and Fast transition to CELL_PCH have their own drawbacks and complexities that require further study. We would like RAN2 to discuss and decide the way forward on this issue.
Ericsson’s preferred solution is to have RRC triggered transition to CELL_PCH as in Rel-6. A possible extension could be to introduce the possibility to reconfigure the DRX cycle of users in CELL_PCH, so that the DRX cycle can be increased with the duration of inactivity.
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After 4 silent DRX cycles the UE doubles the DRX cycle to 1/8
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6





5


5





4





3





2





1











6





































































































































































































0





SFN





6








8























DRX mode 2/8





7









































NodeB Tx pattern #2











NodeB Tx pattern #1





DRX mode 2/8

















6





5


5





4





3





2























1





0





SFN









2/6
2007-03-20

