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1
Introduction
In the RANWG1#55-bis, a set of system simulation assumptions were agreed upon in [1] to evaluate the uplink system performance of dual adjacent carriers in a single frequency band. In [2], system simulation performance benefit was presented for the full buffer case. In this document, we present the performance gains of DC-HSUPA for bursty traffic source model under these assumptions.
2
System Simulation Assumptions
The system simulation assumptions are based on [1] and listed below in Table 1.
Table 1: DC-HSUPA Basic System Level Parameters

	Parameters
	Values and comments

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

	Inter-site distance
	500m, 1732m

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz (Adjacent Carriers)

	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 

	Antenna pattern
	Case 1 (3GPP ant):     (1732m ISD)                                                
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                                                                              = 70 degrees,     Am = 20 dB

Case 2 (3D ant): Custom antenna (e.g. Kathrein 742212) with 8 degrees down tilt (500m ISD)

	Channel Model
	 PA3

Fading models for adjacent carriers:
Fading across carriers is completely uncorrelated.



	Penetration loss
	10 dB(1732m ISD), 20dB(500m ISD)

	Maximum UE EIRP
	24 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	
	HS-DPCCH information is transmitted on both UL carriers 

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Timing
	The two carriers have the same time reference and their downlinks are synchronized. 

	Serving cell
	The serving cells on both carriers belong to the same sector. 

	Traffic model
	Full buffer and Bursty Traffic Model

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, 8, 16

In addition, other number of UEs per sector can also be considered.

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic

	Uplink HARQ
	2ms TTI, Max # of transmission =4, termination target depends on TBS

	Closed Loop Power Control Delay
	1 slot 

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	A reference design in presented in [1] Appendix A. 


3
Performance with Bursty Data Sources
Like the dual carrier benefit on the downlink, DC-HSUPA is expected to provide substantial gain in terms of burst rate for bursty traffic sources. If there is no extra pilot overhead and UE headroom limitation (UE maximum transmit power is the same regardless of the number of carriers), the burst rate would double compared with that in a 2x single-carrier system. This was shown analytically for DC-HSDPA in [3], based on queuing theory, and through simulations by multiple companies [4]. As we see later in this section, the burst rate gain is still very significant even with the extra pilot overhead. 
The extra pilot overhead and UE headroom limitation (UE maximum transmit power is the same regardless of the number of carriers) reduce the burst rate gain in DC-HSUPA . However, as we see later in this section, such reduction in the gain is insignificant.

In this section, we compare the burst rate performance in a sector with 2N users. In a 2x single-carrier system, there are N users in each carrier whereas in a DC-DSUPA system, there are 2N users allocated across both carriers. To reduce the extra overhead, idle users are modeled using DTX between the bursts. Namely, without data traffic, it only transmits its pilot for 6 slots (including pre-and post-ambles) every 8 TTIs.  The extra delay for the UE to come out of DTX at the start of a data burst is modeled in our simulations. 
The headroom limitation affects the cell edge users the most. To preserve the link budget and optimize user data rate, only the users with enough headroom should be given two carriers. Here enough headroom means the capability to fill the noise rise target at the Node B. With this in mind, we have included a simple path loss based carrier allocation algorithm in our simulations: a user will get two uplink carriers only if its path loss is smaller than 127 dB. At 127 dB pass loss, a user cannot fill the noise rise target (~5 dB) in our simulation. For such users, transmitting on both carriers would result in a loss in throughput due to the extra overhead. The choice of the threshold, 127 dB, is based on initial studies for this submission. Further design optimization will probably decrease this threshold so that more users will enjoy the dual carrier gain. As will be seen later, the cell edge users with a single carrier does not suffer any loss in performance in the system with mixed single-carrier and dual-carrier users, compared with in the pure single-carrier system. 
3.1
Simulation Results for 500m ISD
[image: image1.emf]1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4

x 10

6

1

2

3

4

5

6

7

8

9

10

11

12

Average Burst Rate (bps)

Num UEs/Sector

Burst Rate vs Number of UEs, ISD=500m, 3-d Antenna, 20dB Penetration Loss

 

 

2xSC

DC


Figure 1 System-wide mean burst rate due to DC-HSUPA (500m ISD)
Figure 1 illustrates the difference in system-wide average burst rates between 2x single-carrier and DC-HSUPA with 500m ISD, antenna down-tilt and 20 dB penetration loss.  With the same number of users per sector, the average burst rate increases by more than 85% in DC-HSUPA. Table 2 summarizes the average burst rate gain for different numbers of users per sector. 
Table 2: DC-HSUPA Burst Rate Gain as a function of users/sector, 500m ISD
	Users /sector
	2
	4
	8
	10

	Burst rate gain
	87%
	87%
	87%
	88%
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Figure 1: User burst rate CDF due to DC-HSUPA (500m ISD)
Figure 2 illustrates the CDF of average user burst rate. Almost all the users have substantial burst rate gain. More precisely, more than 98% of the users see substantial burst rate gain of at least 80% even when there are 10 UEs in the sector. Since each user requires 200kbps average data rate, based on its average burst size and average inter-burst arrival time, the loading with 10 users per sector is quite heavy. 
With 500m ISD, there are very few users who do not have enough headroom for two carriers. Therefore, the effect of the carrier allocation algorithm is negligible. Figure 3 illustrates the average user burst rate gain plotted against the user burst rate percentile.
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Figure 3: User Burst Rate Gain v/s User Burst Rate Percentile, 500m ISD

The average per-carrier noise rise (RoT) distributions are plotted in Figure 4 and Figure 5. As seen in the figures, the burst rate gain from DC is achieved without a RoT increase over the corresponding 2x single carrier system. Of course, the RoT increases with number of users due to the nature of bursty traffic.  
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Figure 4: RoT CCDF due to DC-HSUPA (500m ISD).
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Figure 5: Mean RoT comparison between DC-HSUPA and 2xHSUPA (500m ISD)
3.2
Simulation Results for 1732m ISD
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Figure 6: System-wide average burst rate of DC-HSUPA with 1732m ISD

Figure 6 illustrates the difference in system-wide average burst rates between 2x single-carrier and DC-HSUPA with 1732m ISD, no antenna down-tilt and 10 dB penetration loss.  With the same number of users per sector, the average burst rate increase by more than 70% in DC-HSUPA. Table 2 summarizes the average burst rate gain for different numbers of users per sector. 
Table 3: DC-HSUPA Burst Rate Gain as a function of users/sector, 1732m ISD

	Users /sector
	2
	4
	8
	10

	Burst rate gain
	75%
	71%
	71%
	71%
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Figure 7: User burst rate CDF with DC-HSUPA with 1732m ISD.

Figure 7 illustrates the CDF of average user burst rate. Due to the larger ISD, the effect of a large path loss can be seen. 

Here the effect of carrier allocation is more visible due to large path loss. In Figure 8, average user burst rate gain is plotted against the user burst rate percentile. Here more than 70% of the users see substantial (>70%) burst rate gain even when there are 10 UEs in the sector. The reduced gain from the 500m ISD case (where ~80% to ~70% was seen) is due to the effect of much higher percentage of users with a single carrier. 
Since each user requires 200kbps average data rate, based on its average burst size and average inter-burst arrival time, the loading with 10 users per sector is quite heavy.

The large sector size results in about 10% users with path loss larger than 127 dB and thus they are allocated with only one carrier. Although these users do not enjoy the dual-carrier benefit, they do not suffer any loss from the dual carrier transmission from other users. 

In between the above two groups of users, namely the top 70% and bottom 10%, the remaining 20% of users experience burst rate gain between 5 to 70%. 
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Figure 8: User Burst Rate Gain v/s User Burst Rate Percentile, 1732m ISD

As seen in Figures 9 and 10, the burst rate gain from DC is achieved without RoT increase over the corresponding 2x single carrier system. Of course, the RoT increases with number of users due to the nature of bursty traffic.  
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Figure 9: RoT CCDF due to DC-HSUPA, 1732m ISD.

[image: image10.emf]0 2 4 6 8 10 12

0

0.5

1

1.5

2

2.5

3

Num UE/Sector

Mean RoT (dB)

RoT, ISD=1732m, 2-d Antenna, 10dB Penetration Loss

 

 

2xSC

DC


Figure 10: Mean RoT comparison between DC-HSUPA and 2xHSUPA (1732m ISD).

4
Conclusions

In this contribution, we have discussed the benefit of DC-HSUPA (adjacent carriers) in a single frequency band for bursty traffic source model. We observe substantial burst rate gain (70-80%) with the same number of users per sector with respect to the 2xHSUPA case. This gain is achievable even in quite heavily loaded systems. 
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