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1
Introduction

In [1], the motivation behind deplying DC HSDPA UEs in Single frequency networks was discussed. Simulation results showed significant performance gains. In [2] and [3], further results were discussed. In this contribution, we present system simulation results for DF-DC operation under one particular scenario. The DF-DC aggregation scheme is  explained in [4].
2
DF-DC Scenario (Partial Deployment of DC in the Network)
In most networks, it is likely that dual-carrier is deployed in areas of high user density. For example, operators may choose to deploy DC in urban areas but keep single carrier configurations in suburban/rural areas. So, we consider a 57-sector  scenario as shown in Figure 1, where the carrier F1 is universally available, while the carrier F2 is only available in blue sectors. Green sectors only have carrier F1. Assume all the UEs in the system are DC capable. Purple stars represent some of the UEs which could potentially gain from DF-DC operation. This is explained better in Section 2.1 below.
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Figure 1: Partial rollout of carrier F2. Only blue sectors (21 of them) have carrier F2, while all 57-sectors have F1.

2.1


F1-only and Optimized Baselines
In order to evaluate gains from DFDC operation, we consider two possible baselines. Figure 2 explains these two baselines. Assume that Sector A has both F1 and F2 carriers, while Sector B has F1 carrier alone. The orange UEs are not in the handover region between Sectors A and B while purple UEs (UE2 and UE3) are. Note that UEs 2 and 3 are located in between two black vertical lines. These are the UEs for which DF-DC will give meaningful gains. 
The left black dotted line represents the Ecp/Io balance on F1. To the left of this line, UEs would be served by Sector A on both F1 and F2 carriers. So, DF-DC operation does not provide benefits for such UEs.

The right black dotted line represents the E1A&E1B Threshold (let us assume they are the same for ease of explanation). In the region between the 2 black dotted lines, Sector A is in the active set on F1, while Sector B is the best link on F1. In this region, DF-DC operation can be allowed. Note that when DF-DC operation is allowed, the CQI/ACK information on the UL needs to be decoded at both Sectors A and B. 
To the right of the right black dotted line, Sector A will not be in the active set and therefore will not power-control those UEs. If we allow DF-DC operation for UEs to the right of this line, its HS-DPCCH will be decoded will very low reliability at Sector A. In addition, channel estimation of DPCCH on the UL is likely to impose a significant penalty on HS-DPCCH decoding.

In the F1-only baseline, both UEs 2 and 3 are associated with Sector B and are therefore served only on one carrier (F1) by Sector B. Compared to this baseline, DF-DC operation will give significant gains. We believe that this baseline is realistic for current deployments.
Now we explain the optimized baseline. Since Sector A has 2 carriers while sector B does not, it is fair to assume that operators will assign a modest positive CIO to Sector A. We do not recommend aggressive CIO as that would lead to low geometry at cell edge and cause common channel performance degradation. Usage of CIO moves the Sector A boundary to the purple vertical line. So, in this baseline, UE2 will be associated with Sector A (and can therefore be served on both F1 and F2), while UE 3 will still be associated with Sector B (and will be served only on F1). Note however, that this baseline may require some software/network changes.
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Figure 2: DF-DC operation compared to two possible baselines
Table 1 below shows simulation assumptions. Note that most assumptions here are similar to those in [1] and [2]. Dual-Carrier deployment is assumed to be as in Figure 1. DF-DC operation is compared to two different baselines: F1-only baseline and Optimized baseline. Simulations assume uniform UE density per sector (geographical area).
Table 1: Simulation Assumptions

	Parameters
	Comments

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

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	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 

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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 2D Pattern:                                                                  

                                                                  Where       = 70 degrees, Am = 20 dB
                                                              

	Channel Model
	PA3 

	CIO
	3 dB for DC sectors, 0 dB for SC cells

	CPICH Ec/Io
	-10 dB

	Total Overhead power
	30%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	UE Receiver Type
	LMMSE, 1 Rx and RxD

	Maximum Sector

Transmit Power
	43 dBm 

	Traffic
	Bursty Traffic Source Model

File Size: Truncated Lognormal,  
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 , Mean = 0.125 Mbytes

Inter-arrival time: Exponential, Mean = 5 seconds

	Flow control on Iub
	Ideal and instantaneous

	HS-DPCCH Decoding
	ACK decoded on UL (unless mentioned otherwise); C2P used: 4 dB 
CQI: Ideal


2.2
DF-DC User Performance 

Figures 3 and 4 show the CDF of burst rates for UEs that gain from DF-DC operation for the case when we have 1 UE per sector for 1 Rx Ant UE and RxD UE simulations respectively. DFDC gains are quite significant with respect to both baselines. As explained in the previous section, gains are larger with respect to the F1-only baseline.

Figures 5 and 6 show the CDF of burst rates for DFDC UEs when we have 8 users per sector, again for 1 Rx Ant UE and RxD UE simulations respectively. 

[image: image4.emf]10

5

10

6

10

7

10

8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

UE Burst Rate (bps)

CDF

1 Users/Sector: Zoom into UEs with DFDC (1 Rx)

 

 

DFDC UEs: Optimized Baseline

DFDC UEs: DFDC Allowed

DFDC UEs: F1-only Baseline


Figure 3: Burst Rate CDF for DFDC UEs (1 UE/sector) (1 Rx Ant)
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Figure 4: Burst Rate CDF for DFDC UEs (1 UE/sector) (RxD)
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Figure 5: Burst Rate CDF for DFDC UEs (8 UEs/sector) (1RxAnt)
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Figure 6: Burst Rate CDF for DFDC UEs (8 UEs/sector) (RxD)

Figures 7 and 8 show the average burst rate gain with DFDC with respect to each of the baselines as a function of users per sector for 1 Rx Ant simulations. Figures 9 and 10 show the same for RxD case. Note that while gain with respect to F1-only baseline increases with load, gain with respect to optimized baseline slowly falls with load. 
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Figure 7: Mean Burst Rate for DFDC UEs (1 Rx)
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Figure 8: Gain in Mean Burst Rate for DFDC UEs (1 Rx)
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Figure 9: Mean Burst Rate for DFDC UEs (RxD)
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Figure 10:Gain in Mean Bursst Rate for DFDC UEs (RxD)

This is because with the F1-only baseline, as load increases, the green sectors (such as Sector B with just one carrier in Figure 2) experience slot utilization go up a lot faster than the blue sectors (with 2 carriers, such as Sector A in Figure 2). Green sectors reach outage faster. With DFDC, many of these DFDC UEs get their offloaded to the F2 carrier from the blue sectors thereby experiencing significant gain). 
With the optimized baseline however, many UEs (such as UE 2 in Figure 2) get service from sector A on both carriers in the baseline. With DFDC enabled, they get service on F1 from sector B. As load increases, sector B sees its slot utilization increase faster than sector A, thereby reducing DFDC gains.
Eventhough we have shown results here for partial rollout of carrier F2, similar gains can be seen in cases where we have universal rollout of F2 carrier, provided we have non-uniform loading across carriers in neighboring sectors. This could happen even if RNC associates uniformly to sectors, due to burstiness of traffic. For example, due to time-varying load, at certain times, we could have a scenario where a DC-capable sector A finds 70% of its load on carrier F1, while its neighboring DC-capable sector B finds 70% of its load on carrier F2. A DF-DC UE could get good performance if served by sector A on carrier F2 and sector B on F1. 
3
Conclusions

In this contribution, we have shown system performance results for DF-DC in the scenario where one carrier (F2) of the two carriers in the system (F1, F2) is partially deployed. We have compared DF-DC performance with two possible baselines and shown that gains are significant. Gains are also possible if carriers F1 and F2 are universally deployed, if we have uneven loading of the carriers in the system.
It is proposed to capture the system results in the HSDPA MP-TX TR spreadsheet [5].
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