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1
Introduction

A work item was approved in RAN#51 [1], for further enhancements to CELL_FACH. The objective of this work item is to identify whether the gains justify the complexity for introducing certain sub-features in CELL_FACH state over existing mechanism. One of the sub-features listed in the WID is to consider a second UE DRX cycle in CELL_FACH with the objective of reducing the UE energy consumption and RRC signaling load.
In [2], we had presented the benefits of introducing this sub-feature as part of CELL_FACH enhancements in Rel-11. In this contribution, we expand on some of the assumptions made therein and revisit the results.
2
Simulation Assumptions from [2]
2.1
Scenarios Studied
Before elaborating on the assumptions made in [2], it is worth revisiting the three scenarios compared therein which are also listed in table 1 below.
Table 1: Different Scenarios considered

	Scenario
	Release
	Supported RRC states in UTRAN
	UE capability
	UE’s camping state

	Baseline 1
	8
	Idle, CELL_FACH, Enhanced CELL_PCH, CELL_DCH
	Enhanced CELL_FACH + Enhanced CELL_PCH +  EUL in CELL_FACH+ Enhanced UE DRX         (Single DRX cycle)
	Cell_PCH



	Baseline 2
	8
	Idle, CELL_FACH, CELL_DCH
	Enhanced CELL_FACH +  EUL in CELL_FACH+ DRX in CELL_FACH          (Single DRX cycle)
	Cell_FACH



	New
	11?
	Idle, CELL_FACH, CELL_DCH
	Enhanced CELL_FACH +  EUL in CELL_FACH+ Enhanced UE DRX          (Dual DRX cycle) 
	Cell_FACH


The scenario in Baseline 1 represents Rel-8 with a network that supports and makes the UE camp in (Enhanced) CELL_PCH state. Baseline 2 again represents Rel-8 but for a network that does not support CELL_PCH state and instead keeps the UE in (Enhanced) CELL_FACH state making use of the Enhanced UE DRX feature. The New scenario is trying to represent a Rel-11 system where the NW keeps the UE camped in (Enhanced) CELL_FACH state making use of the Enhanced UE DRX feature and a new (yet to be specified) second DRX cycle.

For the New scenario, the second DRX cycle is implemented as a continuation of the 1st DRX cycle - once the UE has entered the 1st DRX cycle upon expiration of the inactivity timer T321, then the UE enters into a 2nd DRX cycle upon expiration of a second inactivity timer (see Table 2). 

2.2
Metrics Evaluated
An important system objective with regard to supporting low volume bursty data traffic in UMTS is to minimize signaling load caused by RRC state transitions. To meet such an objective, an attractive option would be to allow low mobility UEs to camp in CELL_FACH for very long durations without the need to transition to other states. This, in turn, reduces the signaling load that would otherwise be caused by RRC state transitions. However, with the DRX in CELL_FACH feature introduced in Release 8, due to a lower DRX cycle, UEs camping in CELL_FACH consume more energy than camping in CELL_PCH state. The idea behind introducing a second DRX cycle in CELL_FACH state is to make the UE energy consumption performance of CELL_FACH comparable to that in CELL_PCH whilst still reaping the benefits of reduction in signaling load due to fewer state transitions. Thus, we examine two metrics to study this tradeoff:-

· The number of RRC messages UE transmits/receives due to RRC state transitions. We assume each state transition involves 3 RRC messages, except the state transition from IDLE that involves 20 messages
· The energy consumed by the modem
The simulations were performed using logged data traffic collected from ~1000 smartphone users that were connected to a commercial NodeB during one (busy) hour.

2.3
DRX parameters

The DRX cycle parameters used for the evaluation are described in Table 2. Note that the 1st DRX cycle is set to the maximum possible value of 320ms and the 1st DRX cycle burst is set to the minimum possible value 10ms allowed in the Rel-8 Enhanced UE DRX feature today. This is to maximize the battery savings from DRX cycle 1. The PCH DRX cycle is set to 1280ms, which is a typical value seen in the field. Timer T321 is set to 400ms which was shown to provide a reasonable tradeoff between latency in transmission of data and battery savings. The inactivity timer to move to second DRX cycle (for New scenario) is set to 100sec, which is the same value as used for transition to CELL_PCH in Baseline 1 (see Table 3). This provides a fair comparison for the two scenarios. Finally, the value for 2nd DRX cycle in CELL_FACH is varied to see the sensitivity. The smallest value (320ms) used is the same as the 1st DRX cycle in CELL_FACH and the largest value (1280ms) is the same as that for CELL_PCH DRX cycle. Note also that the 2nd DRX cycle burst is varied from 10ms (same as 1st DRX cycle burst) down to 2ms (comparable to the ON time in CELL_PCH state).
Table 2: CELL_FACH and CELL_PCH DRX parameters

	DRX Parameters
	Value

	T321
	400 ms

	1st DRX Cycle in CELL_FACH
	320 ms

	1st DRX cycle burst
	10 ms

	PCH DRX Cycle
	1280 ms

	2nd DRX Cycle in CELL_FACH
	320, 640, 1280 ms

	Inactivity Timer to trigger 2nd DRX cycle in CELL_FACH
	100 s

	2nd DRX cycle burst
	10, 8, 6, 4, 2 ms


2.4
State Transition Triggers

In Table 3 below, we list the triggers used for RRC state transitions. It can be seen that all three scenarios have the same triggers for the first three state transitions listed, i.e. IDLE to CELL_FACH, CELL_FACH to CELL_DCH and CELL_DCH to CELL_FACH.

 Note that the fourth row of Table 3, i.e. transition back to IDLE depends on the scenario, i.e. CELL_PCH to IDLE (via CELL_FACH) for Baseline 1 and CELL_FACH to IDLE for Baseline 2 and New scenario. The trigger to transition to IDLE is the same for all three scenarios, i.e. one hour of inactivity and in this regard they are again identical. We believe that one hour is a reasonable timer value for systems where the main goal is to allow low mobility UEs to camp in CELL_FACH for very long durations. 
The main difference in the three scenarios arises due to transitions to CELL_PCH (from CELL_FACH) state and back. In Baseline 1, the UE transitions to CELL_PCH from FACH after 100 seconds of data inactivity. This makes Baseline 1 a good scenario from energy consumption point of view, however, undesirable due to signaling load arising from RRC messages caused by frequent state transitions. In Baseline 2 and New scenarios, the UE stays camped in CELL_FACH state which is desirable in terms of reducing the load from RRC signaling messages but may increase the energy consumption of the UE. 
Table 3: RRC State Transition Triggers
	State Transition
	Baseline 1
	Baseline 2
	New Scenario

	IDLE to CELL_FACH
	Any data
	Any data
	Any data

	CELL_FACH to CELL_DCH
	Data > 10kbytes
	Data > 10kbytes
	Data > 10kbytes

	CELL_DCH to CELL_FACH
	5 sec inactivity
	5 sec inactivity
	5 sec inactivity

	CELL_FACH/CELL_PCH to IDLE
	1 hour inactivity
	1 hour inactivity
	1 hour inactivity

	CELL_FACH to CELL_PCH
	100 sec inactivity
	NA
	NA

	CELL_PCH to CELL_FACH
	Any data
	NA
	NA


3
Results from [2]

In this section, we revisit the results presented in [2] based on the two metrics described in section 2.2. 

Table 4 lists the signaling load due to RRC state transitions for the different scenarios. As seen, there is a significant savings (~65%) in signaling load for the New UE scenario over Baseline 1. This is due to the fact that UE’s in the New scenario stay camped in CELL_FACH state and do not transition back and forth from CELL_PCH state. For the same reason, we see that Baseline 2 has the same signaling load from state transitions as the New UE scenario.

Table 4: Signaling load due to RRC state transitions
	Scenario 
	Total signaling load due to RRC state transitions per UE
	Reduction in signaling load [%]

	Baseline 1
	15.07
	0

	Baseline 2
	5.29
	64.90

	New
	5.29
	64.90


Table 5 lists the energy consumption reduction for different scenarios. The energy consumption of Baseline 2 is used as the reference here. For New UE scenario, we also show the sensitivity to different 2nd DRX cycles and DRX bursts. It can be seen that the New UE achieves up to 46% reduction over Baseline 2. It can also be noted that the energy consumption gain of 46.25% for the New scenario with 2nd DRX cycle of 1280ms and DRX burst of 2ms is slightly lower than 49.56% seen for Baseline 1 because the modem energy consumption is different for CELL_FACH and CELL_PCH states.  
Table 5: Energy consumption reduction for different scenarios

	Scenario 
	Energy Consumption Reduction [%]

	Baseline 1
	49.56

	Baseline 2
	0

	New
	
	2nd DRX cycle in CELL_FACH [ms]

	
	
	320
	640
	1280

	
	DRX cycle burst [ms]
	10
	0
	26.43
	39.65

	
	
	8
	6.61
	29.74
	41.30

	
	
	6
	13.22
	33.04
	42.95

	
	
	4
	19.82
	36.34
	44.60

	
	
	2
	26.43
	39.65
	46.25


4
Conclusions

In this contribution, we have revisited the analysis shown in [2] for having a second DRX cycle in CELL_FACH state and elaborated on the simulation assumptions therein. It has been shown that significant savings can be achieved in terms of signaling load due to RRC state transitions and UE energy consumption by introducing a second DRX cycle in CELL_FACH. Based on the gains and the practical feasibility of this sub feature, the following is proposed:-
Proposal: Agree on and specify a longer second DRX cycle with shorter DRX burst as part of the Further Enhancements to CELL_FACH work item
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