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1 Introduction

In [1], the different options for scheduling and retransmissions are discussed. In this contribution, the following two options proposed for further evaluation in [1] are studied through system simulations:

1. Option 2: Rate/Time for 1st transmission and Autonomous retransmission.

2. Option 3: Rate for 1st transmission and Autonomous retransmissions

The HARQ is fully synchronous and soft handover (SHO) is supported. Signaling overhead of 2ms TTI compared to 10ms TTI is not considered.

2 Scheduling mechanisms [2]

Some general assumptions are listed below:

- Only downlink best cell performs the scheduling for UE in SHO

- Scheduling is carried out at every TTI

- Node-B controls the maximum TFC to all UEs based on their reporting and available capacity

- A pre-specified maximum load is used by the scheduler to maintain certain level of RoT

· Rate scheduling

- UE requests rate. If UE wants to increase its data rate from the current rate, UE transmits “UP” indicator. Otherwise, UE sends the “DOWN” indicator.

- Node-B performs the step-wise adjustment for maximum allowable TFC of UE based on following procedure.

1. Update UE request information

2. Prioritize UEs in the cell 

3. Allocate resource for each UEs

4. Indicate the data rate using rate grant message: UP/DOWN/KEEP

- UE increases, decreases or remains the maximum allowable data rate based on the rate grant message (UP/DOWN/KEEP). And UE transmits E-DCH data with the rate no higher than the maximum allowable data rate.

· Rate/Time scheduling

- UE sends the buffer status information when new data arrives in buffer.

- Node-Bs performs the greedy filling to all UEs based on following procedure.

1. Update UE status information

2. Calculate the maximum TFC allowed in TFCS 

3. Prioritize UEs in the cell

4. Allocate resource for each UEs 

- UE receives scheduling assignment message and sets the maximum allowable data rate. 
3 System Simulation Parameters 

This section shows the simulation assumption for our system level results. In Table 1, the system configuration is shown while the link parameters are given in Table 2. Table 2 is largely copied from [1] where further details on the link simulation setup can be obtained.  

	Parameter
	Assumption
	Comments

	Cell layout
	Clover grid, 36 cells
	wrap-around enabled
Site to site distance = 2800 m

	Channel model
	PedB3km, VehA30km
	

	# UEs per cell
	10
	

	UE timing
	Time aligned
	No offset between users [3]

	HARQ
	Chase combining
	Max # of transmissions = 4 for 2ms TTI and 2 for 10ms TTI

# HARQ processes = 5 for 2ms TTI and 3 for 10 ms TTI

	Scheduling period
	2ms for 2ms TTI

10ms for 10ms TTI
	

	Inner loop power control
	Enabled
	Power step: 1dB

	Outer loop power control
	Enabled
	Up 0.5dB

	Max. active set size
	3
	

	Max. UE Tx power
	21dBm
	

	RoT /SIR estimation
	ideal
	

	RAB configuration
	DTCH
	Without DCCH

	
	DCCH
	

	Traffic model
	Full buffer
	

	TFCS
	TFCS 1 (after 4 Tx in 2ms TTI, or after 2 Tx in 10ms TTI)
	1024, 896, 768, 640, 512, 384, 256, 128, 96, 64, 32, 16kbps

	Simulation time
	More than 40 sec
	Drop numbers: 10 times

	Min set of TFC
	16 kbps
	Never into blocked state.


Table 1:  System Settings
	Number of code blocks
	Payload
	SF

(w/o DCCH)
	Modulation
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	 Rate after 4 Tx (kbps)

	1
	128
	4
	BPSK
	15
	12 
	16

	1
	256
	4
	BPSK
	15
	17
	32

	1
	512
	4
	BPSK
	15
	21
	64

	1
	768
	4
	BPSK
	15
	27 
	96

	1
	1024
	4
	BPSK
	15
	38 
	128

	1
	2048
	4
	BPSK
	15
	47 
	256

	1
	3072
	4
	BPSK
	15
	53 
	384

	1
	4096
	4
	BPSK
	15
	67
	512


Table 2: MCS Set for 2ms TTI 

	Number of code blocks
	Payload
	SF

(w/o DCCH)
	Modulation
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	Rate after 2 Tx (kbps)

	1
	320
	4
	BPSK
	15
	11 
	16

	1
	640
	4
	BPSK
	15
	15
	32

	1
	1280
	4
	BPSK
	15
	21 
	64

	1
	1920
	4
	BPSK
	15
	27
	96

	1
	2560
	4
	BPSK
	15
	30
	128

	2
	5120
	4
	BPSK
	15
	42 
	256

	2
	7680
	4
	BPSK
	15
	53 
	384

	3
	10240
	4
	BPSK
	15
	60 
	512

	3
	12800
	2
	BPSK
	15
	67
	640

	4
	15360
	2
	BPSK
	15
	75
	768

	4
	17920
	2
	BPSK
	15
	84
	896

	5
	20480
	2
	BPSK
	15
	95
	1024


Table 3: MCS Set for 10ms TTI 

4 Results  

The following figures compare the system performance of EDCH with different TTI and with Rate scheduling and Rate/Time scheduling in terms of Cell throughput and RoT histogram. Vehicular A 30kmh and PedB channel model results are presented. 

In Figure 1, it is seen that at low RoT operating regions (avg. RoT < 4 dB), rate/time scheduling outperforms rate only for both 10ms TTI and 2ms TTI. Whereas when avg. RoT > 4 dB, rate only scheduling performs better than rate/time scheduling for both 10 ms TTI and 2ms TTI. It is also found that 2ms TTI generally outperforms 10ms TTI for both rate only and rate/time schedulers. Similar trend is also seen in Figure 2 where the channel is PedB of 3 kmph. 
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Figure 1 Cell throughput vs. average RoT for VehA 30kmph channel
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Figure 2 Cell throughput vs. average RoT for PedB 3kmph channel

The cell throughput performance difference between rate and rate/time, between 10ms TTI and 2ms TTI can be explained by the distributions of RoT and UE throughput. Figure 3 and Figure 4 compare the RoT distributions for VehA 30 kmph and PedB 3 kmph, respectively, when the average RoTs are around 6 dB. 
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Figure 3 RoT histograms for VehA 30km channel for avg. RoT around 6 dB
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Figure 4 RoT histograms for PedB 3km channel for avg. RoT around 6 dB

For 2ms TTI, between VehA 30kmph and PedB 3kmph in Figure 6 and Figure 8, it is seen that the schedulers (both rate and rate/time) can control the data rate more precisely in PedB 3kmph. The reason is that for relatively slow fading as in PedB 3kmph, the scheduling period of 2ms matches the fluctuation rate of RoT, thus can achieve tighter data rate control. 
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Figure 5 UE throughput vs. pathloss+shadowing (primary cell) for VehA30km channel 
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Figure 6 Fairness curves for VehA30km channel 
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Figure 7 UE throughput vs. pathloss+shadowing (primary cell) for PedB 3km channel
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Figure 8 Fairness curves for PedB 3km channel

5 Summary 

System level simulations have been carried out to evaluate the cell throughput performance of rate vs. rate/time scheduling, assuming full buffer traffic and without signaling overhead. It has been found that rate/time scheduling performs better than rate only when average RoT is less than 4 dB. However when average RoT is larger than 4 dB, rate only scheduling outperforms rate/time. In full buffer case, rate scheduling tends to assign the data rate to each UE more equally. It is also observed that 2ms TTI yields higher throughput compared to 10 ms TTI due to the faster response to the variations of RoT.
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