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1. Introduction

Time & rate scheduling and rate scheduling has been studied for HSUPA [1-6].

In this document, throughput and fairness comparison of time/rate scheduling and rate scheduling with HARQ is studied. Short term method is employed in both link and system level simulation. 

Pedestrian B 3km/h is assumed.  
2. System level simulation assumptions
System level simulation assumption is shown in Table 1. Other assumption refers [1].
Table 1 System Level Simulation parameters used in EDCH
	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	19 Node-B, 3 sectors wrap-around layout 
	Site to site distance: 2800m

	Scheduling method
	Pure time & rate scheduling , Greedy filling algorithm with proportional fairness, MCS for UEs in SHO restricted to not larger than  512Kbps (1st TX rate)
Pure rate scheduling, Proportional fairness
	

	User data rates in MCS allocated to the UE
	MCS table refers [1].
12 MCS in Table2. 
MCS rate after 4 transmissions: 16, 32, 64, 96, 128, 256, 384, 512, 640, 768, 896, 1024 kbit/s 
	

	TTI
	2 ms
	

	Channel model
	Pedestrian B 3km/h
	

	Traffic model
	Full Buffer
	

	Simulation time
	100s + 10s warm-up
	1 time

	Number of UEs
	10
	

	HARQ
	Max # of transmissions = 4

# of HARQ processed = 5

Re-transmission delay = 10ms

ACK/NACK errors = 0%
	

	Target CIR for associated DPCCH
	Adjusted by outer loop TPC
	

	SHO method for EDCH
	Maximum ratio combining is assumed for sectors belong to same Node B, otherwise selection combining is assumed.
	

	SHO method for DPCCH
	Associated DPCCH is used for Maximum ratio combining in sectors belong to same Node B
	

	Active set size
	3
	

	Inner loop TPC
	On, step size = +/- 1dB
	

	Inner loop TPC error
	4%
	

	Outer loop TPC
	Driven by 1% FER on E-DCH
	

	Scheduling delays
	Uplink SI delay = 10 slots
Downlink Grant delay = 1 slot
	


MCS Table refers [1] and is shown in Table 2.
Table 2
	Transport Block Size
	Number of Code Blocks
	Modulation
	OVSF Code
	Code Rate
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	Rate after 4 Tx  (kbps)

	128(1
	1
	QPSK
	C(4,1)
	0.33
	15
	12
	16

	256(1
	1
	QPSK
	C(4,1)
	0.33
	15
	17
	32

	512(1
	1
	QPSK
	C(4,1)
	0.33
	15
	21
	64

	768(1
	1
	QPSK
	C(4,1)
	0.33
	15
	27
	96

	1024
	1
	QPSK
	C(4,1)
	0.33
	15
	38
	128

	2048
	1
	QPSK
	C(4,1)
	0.53
	15
	47
	256

	3072
	1
	QPSK
	C(2,1)
	0.40
	15
	53
	384

	4096
	1
	QPSK
	C(2,1)
	0.53
	15
	67
	512

	5120
	2
	QPSK
	C(2,1) , C(4,1)
	0.44
	15
	61 , 43
	640

	6144
	2
	QPSK
	C(2,1) , C(4,1)
	0.53
	15
	69 , 49
	768

	7168
	2
	QPSK
	C(2,1) , C(4,1)
	0.62
	15
	77 , 54
	896

	8192
	2
	QPSK
	C(2,1) , C(4,1)
	0.71
	15
	86 , 61
	1024

	    1) Repetition has been used to achieve the given data rates


3. System performance of time scheduling / rate scheduling
Greedy filling algorithm is employed in time scheduling, in which UEs are queued with priority assuming proportional fairness algorithm.
In every scheduling period, the first highest priority UE is then assigned the maximum MCS that can be afforded by its transmitted power margin, then if target RoT not exceeded, the second highest priority UE is then assigned the maximum MCS that it can afford. This operation repeats until that all available received power in Node B consumed, in the other word, target RoT has been reached. It is also assumed that MCS restriction not larger than 512kbps (1st TX rate) is done to UEs in SHO in time & rate scheduling.
In rate scheduling, every UEs are assigned at least the lowest MCS, if can be afforded by its maximum transmission margin. In each scheduling period, if total scheduled RoT is less than target RoT, UEs will be increased one step MCS up respectively according to their priority in queue, otherwise, UEs will be decreased one step MCS respectively.
In rate scheduling, same proportional fairness algorithm is assumed to generate UEs’ priority.
Figure 1 is the comparison of time & rate scheduling and rate scheduling with proportional fairness algorithm by average cell throughput vs. average RoT performance.
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Figure 1 Average cell throughput of EDCH with time & rate scheduling and rate Scheduling in PB3
Figure1 shows that in Pedestrian B 3km/h channel, the time & rate scheduling and rate scheduling has similar cell throughput.
From quick link adaptation perspective, rate scheduling may not able to adjust MCS to track fast Rayleigh fading as fast as time & rate scheduling. Time & rate scheduling can do quick link adaptation to track fast fading by assign proper MCS to UEs according to fading variation at certain time, while in common rate scheduling, since MCS is increased or decreased one step in each scheduling period, it takes longer time for rate scheduling to adjust MCS in order to track fast fading.
But in low speed fading channel such as Pedestrian B 3km/h, the fading cycle is longer than 2ms TTI length, so for individual UE, the received power changes slowly in each frame and inner loop TPC and receiving diversity can even mitigate the variation. So time & rate scheduling has similar performance to rate scheduling.

And what is different between HSUPA and HSDPA is that, in downlink HS-DSCH, inner loop power control is switched off and link adaptation is done by AMC according to CQI report, however in uplink E-DCH, usually it is assumed that inner loop power control is turned on. 

RoT overshoot bigger than 7dB performance comparison of time & rate scheduling and rate scheduling is shown in Figure 2. Result shows RoT overshoot is similar in two cases.
From RoT variation perspective, in time & rate scheduling, intra-cell RoT contribution can also be controlled to be stable similar to rate scheduling. For RoT contribution to other cells, it depends many factors such as detail MCS assignment scheduling algorithms, maximum MCS assigned, number of simultaneous scheduled users, scheduling method in SHO, and also geometry distribution of scheduled E-DCH users. Note that if MCS restriction is done to UEs in SHO in time/rate scheduling, RoT contribution to other cells can also be kept with low variation close to that of rate scheduling.
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Figure 2 Percentage of time the RoT is greater than 7dB
Fairness curve comparison of time & rate scheduling and rate scheduling when target RoT is equal to 6dB is plotted in Figure 3. 
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Figure 3 Fairness curves
4. Conclusions 

Time & rate scheduling and rate scheduling was compared in following conditions.
- Full buffer
- 2ms TTI
- Pedestrian B 3km/h channel
- With HARQ
Simulation result shows that in low speed Pedestrian B 3km/h fading channel, throughput performance of time & rate scheduling and rate scheduling is similar. Throughput comparison in high speed fading channels such as Vehicular 30km/h is for FFS.
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