Page 1680670964


2

3GPP TSG-SA1#
S1-112114
Dublin, EI, 8th ~ 12th August 2011
Source:
QUALCOMM Incorporated

Title:
Reduction of RRC signalling impact in UMTS for Rel. 10 and beyond
Agenda item:


8.6
Work item:


FS_MODAI
1
Introduction

The current explosion of packet data traffic in UMTS networks is expected to continue with the advent of on-line applications such as cloud computing (e.g. web-based e-mail), social networking, on-line gaming, M2M communications, etc.

UMTS features introduced in Releases 7 and 8 targeting CELL_FACH state improvements, are expected to increase user payload throughput (improve NodeB efficiency) relative to Release 6.  This is elaborated in Contribution S1-11nnnn [QC contribution 04].  Furthermore, by introducing discontinuous receive (DRX) capability in CELL_FACH in Rel-8, longer retention of a connection in the CELL_FACH state, and therefore reduction in connection management signalling, is not accompanied by the penalty of excessive energy consumption by the UE.
It is important to focus on further improving link efficiency, user experience and system capacity in CELL_FACH states.  Some of the improvements identified herein should be included in the MODAI TR, along with associated potential requirements.  Subject to further evaluation in the RAN groups, under the conditions that projected gains justify any added complexity, these techniques should be further specified and incorporated into technical specifications in the RAN groups.

The performance improving feature described here is inclusion of an additional DRX cycle in CELL_FACH, with the objective of further reducing the UE energy consumption and RRC signalling load in CELL_FACH state in UMTS.  This feature is already being discussed in RAN WG.
2
Benefits of the Additional DRX Cycle in CELL_FACH
An important system objective with regard to supporting low volume bursty data traffic in UMTS is to minimize signalling load caused by RRC state transitions.  One way of reducing RRC state transitions is for the UE to remain in CELL_FACH for a long time without transitioning to other states.  Thus, if another transmission occurs while UE remains in CELL_FACH, this new transmission would not require RRC set-up signalling.
However, with the DRX in CELL_FACH introduced in Release 8, while consuming less energy than in the active state, the UE still consumes much more energy than if camped in CELL_PCH state.  To further improve UE energy consumption performance with DRX in CELL_FACH, one could do one or both of the following:
· Allow for longer DRX cycles than currently specified;
· Reduce the ON time of the DRX cycle.
Projected performance gain is quantified in an analysis by measuring the signalling load and UE energy consumption using different DRX cycle parameters.  In addition to the UEs supporting today’s specifications, a New UE type is evaluated, capable of a second DRX cycle in CELL_FACH.
For comparison, two baselines UEs are included, with current specification compliance corresponding to different Releases and UE capabilities:
· Baseline 1 UE is capable of Enhanced CELL_PCH.  UE energy consumption comparable to New UE is expected, but accompanied by higher signaling load due to the extra RRC state transitions between CELL_FACH and CELL_PCH.
· Baseline 2 UE camps in CELL_FACH using Release 8 DRX.  Same signaling load as Type New UE is expected, but higher UE energy consumption due to shorter DRX cycle and longer DRX ON time.
Two metrics are analyzed to for the purpose of performance comparison:

(1) Total 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)

(2) Energy consumed by UE modem

More details of the types of UEs analyzed and network parameter settings used in the analysis can be found in Ref. [2].
The analysis was performed on data collected from approximately1000 smartphone users that were connected to a commercial NodeB during the busy hour lasting for a statistically significant period of time (about 30 to 40 minutes).
Table 3 lists the signalling load for the 3 different UE types, showing a significant reduction (nearly 65%) for New UE over Baseline 1 UE.  The New UE has the same signalling load as Baseline 2 UE.

Table 1: Signalling load for different UE types

	UE type 
	Salient Features
	Signalling Load            (messages per UE)
	Reduction in Signalling Load (%)

	Baseline 1 (Rel. 8)
	· Enhanced CELL_PCH
· No signaling allowed when UE transitions from Enhanced CELL_PCH to CELL_FACH
· 10 ms DRX cycle ON time in CELL_FACH
	15.07
	0

	Baseline 2

 (Rel. 8)
	· Single DRX cycle in CELL_FACH

· 10 ms DRX cycle ON time
	5.29
	64.90

	New (beyond Rel. 8)
	· Dual DRX cycles in CELL_FACH 
· No PCH
· 10 ms ON time in CELL_FACH DRX cycle 1 

· 2 ms ON time  in CELL_FACH DRX cycle 2
	5.29
	64.90


Table 2 lists energy consumption reduction for different UE types using Baseline 2 UE as reference.  Dependence on second DRX cycle duration and ON time of the DRX cycle ON time in New UE is also shown.  It can be seen that the New UE achieves up to 46 % reduction over Baseline 2 UE.

Table 2: Energy consumption reduction for different UE types

	UE type 
	Feature
	Energy Consumption Reduction (%)

	Baseline 1 (Rel. 8)
	· Enhanced CELL_PCH
· 10 ms DRX cycle ON time in CELL_FACH
	49.56

	Baseline 2 (Rel. 8)
	· Single DRX cycle in CELL_FACH
· 10 ms DRX cycle ON time
	0

	New (Beyond Rel. 8)
	· Dual DRX cycles in CELL_FACH 
· No PCH
· 10 ms DRX ON time in CELL_FACH DRX cycle 1 

· 2 ms DRX ON time in CELL_FACH DRX cycle 2


	
	2nd DRX cycle in CELL_FACH (ms)

	
	
	
	320
	640
	1280

	
	
	DRX cycle ON time (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


For reference, Figure 1 illustrates the RRC state diagram for Baseline 2 and New UE types, along with the criteria for transitioning between states.  The state diagram is much simpler than for Baseline 1 UE (not shown, but can be found in Ref [2]), and allows much longer CELL_FACH state dwell times.  

[image: image1]
Figure 1: RRC State Transition for UE Type Baseline 2 (BL2) and New
3
Conclusion and Potential Requirements
By introducing the second DRX cycle in CELL_FACH, significant savings can be achieved in terms of signalling load and UE energy consumption.
In summary, the proposed enhancements are expected to reap the benefit of maximum possible signalling load reduction feasible for Release 8 UEs, while also considerably reducing battery power consumption.
Potential Requirement(s):
REQ1: RRC state transition improvements should be undertaken in efforts to reduce signaling load in UMTS, including one or more of the following:
· Extension of the DRX cycle by introducing dual DRX cycle
· Reduction of the ON time in the DRX cycle

· Allowing longer transition time from CELL_FACH to Idle state
5
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