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1
Introduction

The capability to operate on a shared or common resource on both 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. 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 transiting to "more dedicated" states while also allowing for power 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 [3], 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 such sub-feature listed therein is the following:-

· Downlink related improvements of resource utilization, throughput, latency and coverage

· DC-HSDPA operation
In this contribution, through system simulations with smartphone traffic profiles, we observe the benefits, if any of enabling DC-HSDPA in the CELL_FACH state.

2
DC-HSDPA in Cell FACH 
Table 1 shows a brief pros vs cons analysis for enabling DC-HSDPA in Cell FACH. In this contributions, through simulation results we observe if the observed gains overweigh the cons of enabling DC-HSDPA in Cell FACH state. 
	Pros
	Cons

	
	

	Improved user experience from trunking efficiency
	Increase in current consumption

	Faster release of UL common E-DCH resources could reduce uplink blocking
	Low burst size of smartphone traffic dilutes gain

	
	DRX cycle affects download rate gain


Table 1: Pros vs Cons of enabling DC-HSDPA in Cell FACH state
2.1
Traffic profile of smartphone users used in simulations

The traffic source for generating bursty traffic in the simulator is obtained from Wireshark traces collected over WiFi for both smartphones and laptops. The statistics of the traces are as follows:

· Collected over 30 min duration between 12:00pm and 12:30pm during weekdays over a corporate network.

· 2403 unique IP addresses were identified.

· 813 were identified to be smartphones.

· 1019 were identified to be computers.
· 14 million packets were logged.

We use the traffic identified as smartphones as data input to the simulator.

Figure 1 shows the CDF of cumulative data bytes (accumulated over 1 minute) for users in the simulation. Each user in the simulator is allowed to pick a random  point from the CDF. The statistics used in the CDF is obtained from smartphone traces explained earlier. The mean data demand among users on the Downlink is ~80kbps whereas the median data demand is much lower ~1kbps. On a mean basis we see that Downlink has 30x more traffic than UL, although at median they are comparable. The above distribution accounts for the incoming data only during the active time for that user (i.e. in that 1 min, the user had some data). Logs also indicate the total time to active time ratio is 4:1. (i.e. (active time+inactive time )/active time =4).
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Figure 1: CDF of Cumulative data over 1 minute for smartphone users
2.2. Cell FACH operation details
A smartphone user is assumed to be in long DRX state with a certain DRX cycle. Whenever DL data arrives, the UE needs to be woken up to trigger CQI. This incurs a delay since the UE is in DRX state. In this contribution, we assume E-AI is sent on AICH physical channel to trigger CQI. CQI will be available at the nodeB after CQI_DELAY milliseconds. Data is not transmitted in the absence of CQI. CQI is present for the duration of burst and for CQI_EXPIRY_DELAY milliseconds after completion of burst. Further details of this operation is caputured in [4]. To get a better understanding of this scheme, readers are encouraged to refer to [4]. Figure 2 shows the timeline of the above described operation as well as some key metrics. 
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Figure 2: Timeline  of operation in Rel 11 Cell FACH
Metrics: The metrics used for simulation analysis are as follows

1. Average user burst rate (kbps): Burst Rate is defined as below.

Burst Rate = Total data bytes transferred OTA during a burst transmission time/ Burst transmission time

Average user burst rate is the mean of all the burst rates of all users and all bursts in the simulation.

where burst transmission time (from Figure 2), is defined as the total time taken from when when the first byte of data enters the queue while the UE is in DRX to the time taken to completely flush out the buffer. The total data transferred over the air during this time is the burst size. For every burst recorded in the simulation, the ue is woken up from DRX and an E-AI is sent to trigger CQI. 

Simulation Parameters:

	Parameter
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1.0 km

	Channel model
	3GPP mix

	UE spatial distribution
	Uniform 

	UE traffic pattern
	DL traffic of smartphone users from Wireshark logs

	Length of simulation run
	1 min

	CQI DELAY
	50ms

	CQI EXPIRY DELAY
	0ms 

	DRX Cycle length
	1.28 sec

	E-AI Trigger Channel EcIor
	-10dB

	UE receiver 
	Type 3i 


Table 2: Simulation parameters

In this simulation study, we ignore the portion of the logs that correspond to uplink data arrivals. The uplink penalty due to arrival of uplink data for these UEs are not accounted for. Similarly, if the uplink were already present, we would not have incurred a penalty due to lack of HS-DPCCH, this case is ignored as well. Number of active UEs indicate the UEs who had data to transmit. Since logs also indicate the total time to active time ratio is 4:1. (i.e. (active time+inactive time )/active time =4), we can assume there are 4 times the active UEs in the system (i.e. 50 active UEs correspond to 200 total UEs).

2.3 DC-HSDPA Simulation results 
For comparing DC-HSDPA performance with SC-HSDPA performance in Cell FACH, we use smartphone data traffic as input data to simulator. For comparison purposes, we assume same number of Ues per carrier (i.e. per 5MHz). Table 3 shows the system load or TTI utilization in % vs number of Ues/cell/5MHz. Table 4 shows the burst rates and burst rate gain for DC-HSDPA in Cell FACH. 
	#Numue/5MHz/cell 
	TTI Utilization (%) 

	50 
	79 

	100 
	95 


Table 3: Number of Active Ues/5MHz vs TTI utilization

	Avg Burst Rate (kbps) 
	Traffic Source: Smartphone users from wireshark logs 

	#Numue/5MHz/cell
	SC-HSDPA 
	DC-HSDPA 
	DC-HSDPA gain (%) 

	50 
	221.8 
	266.5 
	20.2 

	100 
	150.7 
	173.1 
	14.9 


Table 4: Burst Rate in Kbps for SC-HSDPA and DC-HSDPA in Cell FACH state
As observed in Table 4, DC-HSDPA burst rate gain even at 80% TTI utilization is only about 20%. This is much lower than the 100% gain observed in Cell DCH state with the bursty traffic model in  [5]. Reduced DC-HSDPA gains are due to the impact of DRX cycle and the smaller burst data sizes by smartphone users. 
3
Conclusions

As shown in Section 2.3, the user experience benefit of DC-HSDPA in Cell FACH is not very significant. This is because of DRX cycle length affecting perceived user experience and the nature or smartphone DL data which is dominated by small data sizes. Additionally, the current consumption during DC-HSDPA operation is expected to be higher than SC-HSDPA operation thereby affecting UE battery life. Due to these reasons, we don’t foresee a significant need to support DC-HSDPA operations in Cell FACH.
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