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1. Introduction
In RAN#51 meeting, a new work item was established on Further Enhancements to CELL_FACH in [1]. It was identified in the WID, the main objectives in downlink improvements are:

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

· Stand-alone HS-DPCCH without ongoing E-DCH transmission

· DC-HSDPA operation

In RAN2#74 meeting, the agreement on DC-HSDPA in Cell FACH is to identify the improvements provided by this feature firstly. In this contribution, we provide simulation result on the benefits of introducing this sub-feature as part of Further Enhancements to CELL_FACH work item in Rel-11 in this discussion paper.
2. Potential improvements for DC in CELL_FACH
For DC-HSDPA in CELL_DCH state, by exploiting the pooling resource of the aggregated cells, substantial gains in terms of both system throughput and user throughput are well identified as the result of carrier diversity and dynamic load balance. In the case of CELL_FACH, the similar gains in terms of burst rates and system throughput as well as load balance could be expected due to the identical technology as CELL_DCH.  Furthermore, the improvement in downlink burst rate introducing by DC in CELL_FACH will reduce the corresponding uplink resource holding time for the UE with standalone HS-DPCCH, and in the end improve the efficiency of UL resource utilization.

 However, some concerns about the introducing of DC operation in Cell FACH are raised in [2] and [3]. In the simulation result [2], the burst rate gain introduced by DC operation is weakened due to the long DRX cycle used in Cell FACH. However, as shown in Figure 1 even the burst rate will be decreased due to waiting the DRX on frame in the downlink initialized traffics, the uplink resource holding time (burst duration in the Fiugre1) will also get benefits from the fast download of downlink data without impacted by the DRX cycle, because the UE will not get Common E-DCH resources in the stage of DRX off (waiting DRX on). Since the efficiency of UL resource utilization is dependant on the burst duration time but not the burst rate, the UL resource utilization will get improvement from DC operation regardless of DRX cycle in Cell FACH. In section 5, the burst duration time gain and the improvement to UL resource utilization are provided in the simulation result. Furthermore, for the traffics initialized in uplink such as HTTP, the burst rate will not be impacted by the DRX cycle, because when the downlink data arrives, the common E-DCH resource is already acquired by the UE in this scenario. 

Another argument in [3] not to introduce DC-HSDPA in Cell FACH is that the UE could move to Cell DCH to get the benefits of DC operation. However, if the traffic characters are not suitable for Cell DCH, such as small and frequently data, it is waste of resources and time to move the UE to Cell DCH just intend to utilize the benefits of Cell DCH. Therefore, in our understanding it is necessary to enhance the capability of Cell FACH UE other than to make RRC state transition for the intention of improving the efficiency for the traffics with small and frequent data.
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Figure 1 
3. Simulation Statistics Description

As shown in Fiugre1, the following statistics are recorded in the simulation:
· UE Burst Rate
Sum of per DL packet/sum of (per DL packet waiting time+ per DL packet transmission time))

· Burst duration time
The time between getting of Common E-DCH resource and release of Common E-DCH resource
· UL resource waiting time
The time between receiving of HTTP Request in the UE Mac buffer and getting of Common E-DCH resource (including one or several preamble cycles)

· HTTP request blocking probability
 The number of http request suffering being blocked in the MAC preamble procedure /total number of HTTP request
4. Simulation assumptions
Table 1 Simulation assumptions

	Parameters
	Values and comments

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

	Inter-site distance
	1000 m

	Carrier Frequency
	[2000 MHz]

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Penetration loss
	10 dB

	CPICH Ec/Ior
	-10 dB

	HS-DSCH 
	Up to 13 SF 16 codes per carrier for HS-PDSCH

	UE Antenna Gain
	0 dBi

	UE capabilities
	Cat 22

	UE Receiver Type
	Type 2 and Type 3 for both single carrier and DC-HSDPA (*) Realistic C/I estimation 

	Maximum Sector Transmit Power
	43 dBm per carrier

	Traffic model
	HTTP(both in DL and UL) see table2

	Number of UEs per cell
	50/100

	E-DCH transmission continuation back off
	20(number of TTI)

	CQI Available DELAY
	50ms 

	CQI Available DELAY Short
	30ms

	T321
	400ms

	DRX cycle
	640ms

	Common EDCH resource number
	32


Table 2 HTTP Traffic Model
	Parameters Component
	Distribution
	Parameters
	PDF

	Main object size (SM)
	Truncated Lognormal
	Mean = 10710 bytes 

Std. dev. = 25032 bytes 

Minimum = 100 bytes 

Maximum = 2 Mbytes 
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	Embedded object size (SE) 
	Truncated Lognormal 
	Mean = 7758 bytes 

Std. dev. = 126168 bytes 

Minimum = 50 bytes 

Maximum = 2 Mbytes 
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	Number of embedded objects per page (Nd) 
	Truncated Pareto 
	Mean = 5.64 

Max. = 53 
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	Reading time (Dpc) 
	Exponential 
	Mean = 5sec 
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	Parsing time (Tp) 
	Exponential 
	Mean = 0.13 sec 
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5. Simulation Result
5.1. Burst Duration
5.1.1. Burst Rate

Table 1 UE burst rate

	User number
	Average burst rate/ SC FACH
	Average burst rate/ DC FACH
	Gain

	50
	2.5Mbps
	4.81 Mbps
	92%

	100
	0.693Mbps
	1.13 Mbps
	63%


5.1.2. Burst Duration time
Table 2 Burst duration time
	User number per cell
	Average burst duration/ SC FACH
	Average burst duration/  DC FACH
	gain

	50
	388 ms
	242ms
	38%

	100
	848 ms
	598ms
	29%


5.1.3. Observations
The burst rate gain of DC Cell FACH is similar as in CELL DCH. The DRX cycle does not have big impact on the burst rate due to the HTTP traffic being always triggered in uplink.  Furthermore, the traffic burst diversity in the whole sector maximizes the PDSCH resource utilization, thus shortening the MAC SDU waiting time in MAC buffer  and in the end improving the burst rate.
The burst rate gain does not fully contribute to reduction of the burst duration time, which has impacts on the uplink common E-DCH resource utilization due to the connection establishment overhead (uplink resource acquirement time and implicit release timer) in Cell FACH. For example, in the scenario of 100 Users per cell, the burst rate gain is 63%, while the burst duration time reduction is 29%. It should be noted that the burst duration time will not be impacted by DRX cycle as it starts at the time of acquirement of common EDCH.
5.2. Blocking Time
5.2.1. HTTP request Blocking probability
HTTP request Blocking probability: the number of blocked HTTP request in the MAC preamble procedure /total HTTP request number
Table 4 HTTP request Blocking Probability
	User number
	Blocking probability SC FACH
	Blocking probability DC FACH
	Comment

	50
	0.84%
	0.72%
	Due to Preamble collision 

	100
	11.7%
	1.3%
	Due to Preamble collision and resource limitation


5.2.2. UL resource waiting time
UL resource waiting time: the time between receiving HTTP Request in UE MAC buffer and getting Common E-DCH resource.
Table 5 UL resource waiting time
	User number
	UL resource waiting time

SC FACH
	UL resource waiting time

DC FACH
	Gain

	50
	20.15ms
	20.14ms
	-

	100
	82.3ms
	20.39ms
	75%


5.2.3. E-DCH resource utilizations
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Figure1 Common E-DCH number per TTI CDF (50User/per cell reading lambda=0.2)
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Figure2 Common E-DCH number per TTI CDF (100User/reading lambda=0.2)
5.2.4. Observations

The Common E-DCH resources are limited in the higher load situation, thus some users could experience block due to lack of available common E-DCH resources. The reduction of burst duration time by DC operation could improve the utilization of limited Common E-DCH resources, thus mitigate the blocking probability and blocking time in heavy burden higher load. 
6. Potential battery impact for DC in CELL_FACH

The concern for the potential battery impact may be seen as the obstacle to apply Dual-Cell operation in Cell FACH, as it is critical to maintain low battery consumption for CELL_FACH UE. Actually, battery consumption for DC in CELL_FACH could be minimized by introduction of the activation/deactivation mechanism which is also applied to CELL_DCH. 

In our understanding, the explicit activation/deactivation shall only be performed in present of HS-DPCCH as the HS-SCCH order to perform the activation/deactivation relies on the HS-DPCCH feedback. For the battery consumption consideration, the UE shall monitor primary carrier only in absent of HS-DPCCH feedback. 

In case of low data rate service, the UE could be kept in deactivation of secondary carrier with regard to the power consumption, therefore, the power consumption in low data rate could be same as which for SC CELL_FACH. 

In case of higher data rate service such as web browsing, Dual-cell operation along with HS-DPCCH could both be activated. Comparing to the UE keeping in SC CELL_FACH state, by utilization of dual-cell operation, the persistent time for downlink data receiving along with corresponding HARQ acknowledge will both be reduced, and thus reduce the power consumption in some degree, consequently counteract the increased power consumption introduced by the monitoring of secondary carrier in some extent.  As shown in the simulation results the UE could reduce the burst duration time by DC operation to counteract the extra power consumption of monitoring additional HS-SCCH in the secondary carrier. The UE monitors a total of 6 HS-SCCH codes in DC operation, while monitors 4 HS-SCCH codes in SC operation. The burst duration time reduction introduced by DC operation is (30-40) %. Therefore, the average codes of monitoring HS-SCCH in DC Cell FACH in one burst duration is 6*65%=3.9 codes, which equate to the 4 HS-SCCH codes in SC Cell FACH. That is to say, the DC operation in CELL_FACH will not result in significant battery impact.  
7. Conclusion

In this contribution, we did an analysis on the benefits of DC-HSDPA operation in CELL_FACH state by mean of system simulation. It could be seen that the utilization of DC-HSDPA in CELL_FACH could improve the burst rate and reduce burst duration time, in the end will help to mitigate the uplink resource limitation for CELL_FACH UE by reducing uplink resource holding time in heavy burden. 
What is more attractive is that the dual-cell CELL_FACH operation will not cause extra complexity on the both network and UE side, because the required processing procedure was already there for CELL_DCH state. Furthermore, due to the identical technology as in CELL_DCH, the specification impacts for introducing dual-cell operation in CELL_FACH could be simple by reusing the mechanism for CELL_DCH in maximum extent.
Thereby, we propose to specify DC-HSDPA operation in CELL_FACH state in Rel-11.
Proposal1: Specify DC-HSDPA operation in CELL_FACH state in Rel-11
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