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1 Introduction
There have been discussions about pros and cons of the possible scheduling methods until now. In this contribution, the system level performance of various scheduling methods is evaluated in full buffer traffic model.
2 Simulation assumptions
General simulation assumptions are listed in Table 1. MCS tables and simulation methodology can be found in [1].
Table 1: General simulation assumptions
	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

Site to site distance = 2800 m

	Channel model
	Mixed (PA3 30%, PB3 30%, VA30 20% and VA120 20%) 

	Traffic model
	Full buffer

	Node-B Receiver
	Rake (2 antennas per cell)

8 fingers per UE (finger assignment as in Table A-6 in [1])

	#UE per cell
	10 

	UE timing
	Time aligned (no offset between users)

	Duration
	100s + 10 s warm-up 

	HARQ
	Max # of transmissions = 4

# of HARQ processes = 5

Re-transmission delay = 10 ms

Ack/Nack errors = 0%

	Scheduling Type
	R99:

RNC scheduler/controller based on [6]
E-DCH:

As described in section 3. Decentralized Node-B scheduler with 

1 serving cell per UE = best DL (same as HSDPA serving cell). All cells in UE’s active set send ACK/NAK.

	Scheduling delays
	DCH

E-DCH
Period

200 ms

2 ms

Uplink SI delay

Uniform 60-100 ms

10 slots

DL Grant delay

Uniform 60-100 ms

1 slot



	Power control
	Outer loop driven by 1% residual BLER on E-DCH
Inner loop error rate = 4%

	DCH
	Rel-99 : TFCS = 8,16,32,64,128,256,384 Kbps 

	E-DCH
	E-TFC selection:

Similar to R99 TFC selection. UE MAC decides upon the E-DCH TFC in SUPPORTED_STATE and EXCESS_POWER_STATE every radio frame. The parameters {x, y, z} are set to {15, 30, 30} as in Rel‑99.

	E-DPCCH
	Not included

	SHO restriction
	When in SHO E-TFS is restricted up to effective data rate of 512kbps.


Corresponding link level results can be found in Tdoc R1-040214[2] for Rel-99 simulation and Tdoc R1-040519 [3] for E-DCH simulation.
3 Scheduling mechanism
· Scheduling algorithm

· Rate scheduling: All node-B performs the step-wise adjustment for maximum allowable TFC. 
· Rate request : UP/DOWN

· Rate grant : UP/DOWN/KEEP

· Time and rate scheduling: All node-B can schedule the time interval and maximum allowable TFC
· Rate request : Buffer status info/Power status info

· Scheduling assignment : TFC indicator

· Rate scheduling with fast ramping: All node-B performs the step-wise adjustment for maximum allowable TFC and can allocate the scheduling assignment including TFC to some UE which request the fast ramp up or down. 
· Rate request : Buffer status info/Power status info

· Rate grant : UP/DOWN/KEEP

· Scheduling assignment for fast ramping UE: TFC indicator

· Priority function (proportional fair): all Node-B scheduler use the following priority function (common for all scheduling algorithm)
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· Cell load (refer to [5])
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 on E-DPDCH
· Scheduling in SHO

· DL best cell schedules the SHO UE.
4 Simulation results

4.1 Overall performance
Figure1 shows the average cell throughput as a function of RoT with 10 User per cell and figure 2 present the percentage of time which the RoT is greater than 8 dB.  E-DCH has the about 22~32% cell throughput gain than Rel-99 cell throughput.
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Figure 1 Cell throughput as a function of avg. RoT 
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Figure2. Percentage of time the RoT is greater than 8 dB 
4.2 Comparison with various scheduling method

4.2.1 Comparison in operating target point

In TR 25.942[4] section 5.1.7.1, it is described that uplink loading is evaluated according to a 6dB noise rise over the thermal noise. So, in this simulation, comparison is performed at this operating point.
Table2 summarizes the simulation results for various scheduling methods. Figure 3 shows the fairness curve and all scheduling method has the similar fairness characteristic. Figure 4 present the distribution of RoT in the cell. Figure 5 shows the distribution of allocated data rate.
At average RoT of 6dB, Rate scheduling gets 1.4% gain in cell throughput than rate scheduling with fast ramping and 6% gain in cell throughput than time and rate scheduling method. However, in RoT distribution point of view, rate scheduling with fast ramping has the lowest RoT value at 99%-ile RoT. 
	Scheduler type
	Avg. RoT[dB]
	Avg. cell throughput[kbps]
	Prob{RoT>8dB}
	Avg. residual BLER[%]
	Avg. cell Load
	50%-ile RoT[dB]
	99%-ile RoT[dB]

	Rate 
	6.0077
	1644.036928
	0.023734
	0.010359
	0.4605
6.
	5.7
	8.5

	Time & Rate
	6.0204
	1544.696702
	0.051107
	0.010255
	0.43
	5.625
	9.1

	Rate with F/R
	6.02403
	1625.39961
	0.0145685
	0.0103895
	0.4715
	5.775
	8.15


Table 2. Comparison various scheduling method in avg. 6dB RoT.
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Figure3. Fairness curve
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Figure 4. Distribution of RoT
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Figure 5. Distribution of scheduled data rate

4.2.2 Comparison considering RoT limitation 
According to system level simulation parameters Annex A.3.1.2 of [1], the outage criteria in RoT point of view is defined as following. 

“The percentage of time the short term average rise over thermal is above the x dB target should not exceed 1%.”
In this simulation, the comparison is performed according to this criteria and xdB is selected as 8dB considering simulation results in 4.2.1.  Table3 summarizes the simulation results for various scheduling methods. 
	Scheduler type
	Avg. RoT[dB]
	Avg. cell throughput[kbps]
	Prob{avg.RoT>8dB}
	Avg. residual BLER[%]
	Avg. Load
	50%-ile RoT[dB]
	99%-ile RoT[dB]

	Rate 
	5.6502
	1584.894
	0.010695
	0.010306
	0.447
	5.37
	7.95

	Time& Rate
	5.2152
	1415.412
	0.009931
	0.010267
	0.399
	4.97
	8

	Rate with F/R
	5.8781
	1601.428
	0.010585
	0.010326
	0.466
	5.63
	7.95


Table 3. Comparison of various scheduling methods considering RoT limitation

At operation point as Prob{avg. RoT>8dB} =1%, rate scheduling with fast ramping gets 1% gain in cell throughput than rate scheduling and 11.6% gain in cell throughput than time and rate scheduling method. It is noted that rate scheduling with fast ramping can utilize the cell load better than rate scheduling because RoT variance is small. 
5 Conclusion

In this paper we presented some basic E-DCH system simulation results for various scheduling methods assuming full buffer model.

· Gain compared with R-99 cell throughput: E-DCH has about 22~32% gain in cell throughput. 
· Rate scheduling vs. time and rate scheduling: time scheduling is expected to have large interference variation from other cells, which decreases the cell throughput. It is noted that the RoT variation is very important aspect in maximizing the cell throughput.
· Rate scheduling vs. rate scheduling with fast ramping: In case of full buffer, there is a little difference in cell throughput since scheduling assignment is only allocated to the UE in which some data is transferred newly in the buffer.

· Cell throughput: There is no difference.  In case of full buffer, the rate scheduling and the rate scheduling with fast ramping have the same operation since scheduling assignment is only allocated to UEs having new data occurred in its buffer.
· RoT variance: Rate scheduling with fast ramping has smaller RoT variance. Scheduler can utilize explicit power status and buffer status report from the UEs instead of UP/DOWN rate request and it can make it possible for the scheduler to allocate the load more correctly.
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