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1. Introduction

This contribution shows that close to optimum downlink (DL) performance is achieved for a 5 MHz carrier when the maximum number of UEs scheduled per TTI (Max #UEs/TTI) is in the 4 to 6 range.  Similarly, a Max #UEs/TTI of 10 is good for a 10MHz carrier. Best effort traffic was assumed.

2. 5 MHz E-UTRA System Performance
System simulations in this contribution were conducted on case 5 of [1] (same as case 3 but BW is 5 MHz), as summarized in Table 1. Detailed simulation parameters are given in Annex A. 
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	5
	2.0
	1732
	5
	20
	3


Table 1 – Simulation parameters for case 5 from TR 25.814
System simulations were performed where Max #UEs/TTI allowed was varied from 4 to 8 with cell loading varying from 10 UEs/cell to 33 UEs/cell (assuming three cells per cell site). For 10 UEs/cell, the full buffer simulations [2] indicated only 0.6% improvement in spectral efficiency and 2% improvement in user throughput by using a MAX #UEs/TTI of 8, as shown in Table 3.  The 1.0 ms TTI case was also simulated and the observations still hold as shown in Table 4.
Detailed simulation results are presented in Figure 1 in Annex B. Figure 2 in Annex B shows that fairness is maintained with different maximum #UEs/TTI. Another observation is that the performance gap increases with the system load, i.e. the number of UEs offered per sector. Similar results are shown for HTTP traffic (web-browsing with TCP slow start as described in [3]) as given in Figures 3 and 4 in Annex C. One other interesting note is that fairness and performance for 1 ms TTI was slightly worse compared to 0.5 ms TTI (See Figure 3).  Annex C shows for 10MHz that Max #UEs/TTI should be 10.
For VoIP traffic the maximum number of UEs transmitting per TTI can be significantly larger than for best effort but control overhead can be reduced by using more efficient control signaling methods.
3. Conclusions
For FB and HTTP traffic, close to optimum spectral efficiency and 5%-ile user t-put are achieved when the maximum UEs scheduled per TTI is 6 for 5MHz and 10 for 10MHz. It is proposed that this conclusion summarized in Table 2 be used when determining the DL L1/L2 control channel design.
Table 2 – Maximum #UEs scheduled per TTI for Optimum System Performance

	
	5 MHz carrier
	10 MHz carrier

	Max. #UEs scheduled per TTI
	6
	10
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Table 3 - Case 5 results for different number of UE/TTI for 0.5ms TTI and FB traffic
	# UE/TTI
	4
	6
	8

	
	(kbps)
	(kbps)
	Gain
	(kbps)
	Gain

	Sector t-put
	8923
	8977
	0.6%
	8983
	0.7%

	5%-tile UE t-put
	190
	193
	2%
	193
	2%


Table 3 - Case 5 results for different number of UE/TTI for 1ms TTI and FB traffic
	# UE/TTI
	4
	6
	8

	
	(kbps)
	(kbps)
	Gain
	(kbps)
	Gain

	Sector t-put
	10451
	10538
	0.8%
	10548
	0.9%

	5%-tile UE t-put
	232
	243
	4%
	243
	4%


ANNEX A – System Simulation Assumptions

Table 4 – Macro-cell system simulation baseline parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	Total BS TX power (Ptotal)
	46dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	AMC
	ON  (2/3<MCS<5)

	HARQ
	IR with N=6 stop-and-wait HARQ protocal

	OFDM symbols (Data symbols) per subframe
	7 (5) or 14 (12)

	Scheduler
	PF (frequency domain)

	Link Mapping
	EESM

	UE Receiver
	IRC (1x2)


ANNEX B – System Simulation Results
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Figure 1- Case 5 performance for 0.5ms & 1ms TTI, FB traffic, and different MAX #UEs/TTI
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Figure 2 - Case 5 Fairness for 0.5ms & 1ms TTI, FB traffic and different MAX #UEs/TTI
ANNEX C – System Simulation Results
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Figure 3 – Case 5 performance for 0.5 ms & 1.0 ms TTI, HTTP traffic, and different MAX #UEs/TTI
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Figure 4 – Case 5 Fairness performance for different MAX #UEs/TTI, given 10 UEs/cell loading
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Figure 5 – Case 5: Histogram of #UEs scheduled per TTI for HTTP traffic with 0.5 ms TTI
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Figure 6 – Case 5: Histogram of #UEs scheduled per TTI for HTTP traffic with 1.0 ms TTI
ANNEX D – System Simulation Results
[image: image9.emf]0

100

200

300

400

500

600

16000 17000 18000 19000 20000 21000 22000 23000 24000

Sector Tput (kbps)

5%-tile UE Tput(kbps)

6 UE/TTI, 0.5ms

8 UE/TTI, 0.5ms

10 UE/TTI, 0.5ms

12 UE/TTI, 0.5ms

6 UE/TTI, 1ms

8 UE/TTI, 1ms

10 UE/TTI, 1ms

12 UE/TTI, 1ms

Traffic: Full Buffer

Scheduler: PF          

Channel: TU, 3km/h

Bandwidth: 10MHz, FDD

Cell Size: 1732m ISD


Figure 7 - Tput with different number of max schedulable UEs per TTI for Case 3, both 0.5ms and 1ms TTI
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Figure 8 - Fairness performance with different number of maximum schedulable UE per TTI
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