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1
Introduction

The capability to operate on a shared or common HS/EUL resource on the downlink and uplink in CELL_FACH state was introduced via the Enhanced CELL_FACH (Rel-7) and EUL in CELL_FACH (Rel-8) features respectively. Furthermore, the DRX capability was introduced in CELL_FACH in Rel-8. The combination of these features allowed for mobiles to remain in the Cell_FACH state longer i.e. without transitioning to "more dedicated" states while also allowing for energy consumption saving. In particular, once these enhanced features get deployed, "always on" type services like Push to talk over cellular (PoC), Push email and VPN connections, which transmit frequent but small packets between the UE and server, could be supported in CELL_FACH state without the need to enter the CELL_DCH state. 

With the explosion of smartphone traffic in UMTS networks, it is now important to focus on improving link efficiency, user experience and system capacity in CELL_FACH states. For this purpose, 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 over the existing mechanisms. 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 CELL_FACh state
In this contribution, we highlight the benefits of introducing this sub-feature as part of CELL_FACH enhancements in Rel-11. 
2
Benefits of the Second DRX Cycle in CELL_FACH
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 introduced in Release 8, UEs in CELL_FACH consumes much more energy than camping in CELL_PCH. To make the UE energy consumption performance of DRX in CELL_FACH comparable to that in CELL_PCH, we would need to: 
· Allow for longer DRX cycles beyond 320 ms. 
· Reduce the ON time of the DRX cycle burst (HS-DSCH Rx burstFACH) to of the order of 2ms.
In the following, we perform an analysis to measure the signaling load and UE energy consumption for UEs having different capabilities.  In addition to the UEs supporting features existing in today’s specification, one new UE type is evaluated:

· Type New UE is capable of a second DRX cycle in CELL_FACH

For comparision, we also include two baselines, which are specification compliant corresponding to different Releases and UE capabilities. Specifically,

· Type Baseline 1 UE is capable of Enhanced CELL_PCH. We expect to see comparable UE energy consumption as Type New UE, but higher signaling load due to the extra RRC state transition between CELL_FACH and CELL_PCH. 
· Type Baseline 2 UE camps in CELL_FACH using Release 8 DRX. We expect to see the same signaling load as Type New UE, but higher UE energy consumption due to shorter DRX cycle and longer DRX cycle burst.
In Table 1, we summarize different UE types and capabilities. Table 2 lists the DRX parameters in both CELL_FACH and CELL_PCH assumed in this study.

Figures 1-3 illustrate the RRC state diagram for each of the 3 UE types along with the criteria to transition between states. The criteria are in terms of Traffic Volume Measurement thresholds or Data Inactivity timers. These thresholds and timers apply to either of the uplink or the downlink.
Table 1: Different UE Types and RRC States
	UE Type
	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)

No signaling for the transition from Enhanced CELL_PCH to CELL_FACH
10ms DRX cycle burst in CELL_FACH

	Cell_PCH


	Baseline 2
	8
	Idle, CELL_FACH, CELL_DCH
	Enhanced CELL_FACH +  EUL in CELL_FACH+ DRX in CELL_FACH          (Single DRX cycle)
10ms DRX cycle burst in CELL_FACH
	Cell_FACH


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

10ms DRX cycle burst in CELL_FACH DRX cycle 1 

2ms DRX cycle busrt in CELL_FACH DRX cycle 2 
	Cell_FACH


Table 2: CELL_FACH and CELL_PCH DRX parameters

	DRX Parameters
	Value

	1st DRX Cycle in CELL_FACH
	320 ms

	T321
	400 ms

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

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

	PCH DRX Cycle
	1280 ms
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Figure 1: RRC State Transition for UE Type Baseline 1
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Figure 2: RRC State Transition for UE Type Baseline 2
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Figure 3: RRC State Transition for UE Type New
In this analysis, we examine two metrics. One is 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 other metric is the energy consumed by the modem. The analysis was performed on log data collected from ~1000 smartphone users that were connected to a commercial NodeB during the busy hour.
Table 3 lists the signaling load for the 3 different UE types. As seen in this table, there is a significant savings (~65%) in signaling load for UE type New over UE type Baseline 1, which corresponds to a state of the art UE that is configured with HS, EUL, DRX in CELL_FACH, and Enhanced CELL_PCH. The new UE has the same signaling load as Baseline 2 UE.

Table 3: Signaling load for different UE types

	UE type 
	Feature
	Signaling Load            [messages per UE]
	Reduction in Signaling Load [%]

	Baseline 1
	Enhanced CELL_PCH                                                No signaling allowed when UE transitions from Enhanced CELL_PCH to CELL_FACH
10ms DRX cycle burst in CELL_FACH                    


	15.07
	0

	Baseline 2
	Single DRX cycle in CELL_FACH                                               10ms DRX cycle burst 
                                               
	5.29
	64.90

	New
	Dual DRX  cycles in CELL_FACH 
No PCH
10ms DRX cycle burst in CELL_FACH DRX cycle 1 

2ms DRX cycle burst in CELL_FACH DRX cycle 2


	5.29
	64.90


In Table 4, we list the energy consumption reduction for different UE types. The energy consumption of Baseline 2 UE is used as the reference. For New UE, we also show the sensivity to different 2nd DRX cycles and ON time of the DRX cycle busrts. It can be seen that the New UE achieves up to 60% reduction over Baseline 2 UE.
Table 4: Energy consumption reduction for different UE types
	UE type 
	Feature
	Energy Consumption Reduction [%]

	Baseline 1
	Enhanced CELL_PCH                                                
10ms DRX cycle burst in CELL_FACH
   
	49.56

	Baseline 2
	Single DRX cycle in CELL_FACH                                               10ms DRX cycle burst                                                
	0

	New
	Dual DRX  cycles in CELL_FACH 
No PCH
10ms DRX cycle burst 

in CELL_FACH DRX cycle 1 

2ms DRX cycle burst 

in CELL_FACH DRX cycle 2


	
	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


3
Conclusions

In this contribution, we have shown that by introducing the second DRX cycle in CELL_FACH, significant savings can be achieved in terms of signalling load and UE energy consumption. 
Proposal: Based on the benefits and the practical feasibility of the second DRX cycle in CELL_FACH, it is proposed to agree on and specify this sub-feature as part of the Further Enhancements to CELL_FACH work item.
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