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1
Introduction

In [1], the motivation behind deploying DC HSDPA UEs in Single frequency networks was discussed. Simulation results showed significant performance gains for UEs in soft and softer handover regions, when UEs have Rx Diversity. In [2], further results were shown for more realistic cases of non-uniform loading. In this contribution, we show that legacy UE performance is not affected if SF-DC operation is enabled. Additionally, we show system performance results for a switch based Intra-NB aggregation [2] when cells in a remote radio head (RRH) are non-uniformly loaded.
2
Simulation Assumptions
The simulation assumptions are shown in Table 1. The simulation assumptions are for the most part the same as those in [1] and [2]. However, note that in these simulations there is a mix of legacy and SF-DC capable UEs.
Table 1: Simulation Assumptions
	Parameters
	Comments

	Cell 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 

	CPICH Ec/Io
	-10 dB

	Total Overhead power
	30%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	UE Receiver Type
	LMMSE

	UE Mix
	50% RxD UES (SF-DC capable), 
50% 1 Rx UEs (legacy)

	Maximum Sector

Transmit Power
	43 dBm 

	Traffic
	Bursty Traffic Source Model

File Size: Truncated Lognormal,  
[image: image1.wmf]0

.

0

   

736

.

11

=

=

s

m

 , Mean = 0.125 Mbytes

Inter-arrival time: Exponential, Mean = 5 seconds

	Flow control on Iub
	Ideal and instantaneous

	HS-DPCCH
	Practical modeling of ACK decoding on the UL;
CQI decoding : Ideal

HS-DPCCH C/P: 2 dB for Intra-NB, 4 dB for Inter-NB 


2.1
Mix of legacy and SF-DC capable users (Uniform Loading)
Figures 1 and 2 show the CDF of user burst rates for 2 users and 16 users per cell respectively. In the simulations conducted, half the UEs have 1Rx antenna and are considered to be legacy UEs. The other UEs have Rx diversity and are deemed to be SF-DC capable.  
The baseline performance is the case where SF-DC is not enabled, i.e., both the UEs with 1Rx antenna and the UEs wth Rx diversity receive data only from the serving cell. When SF-DC is enabled, the users that are SF-DC capable (the ones with Rx diversity) receive data from two cells if they are in soft or softer handover regions.

Figures 3 and 4 show the average gain in burst rate for the UE’s that are SF-DC capable (the ones with Rx Diversity) and are in softer and soft handover regions. 
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Figure 1: CDF of UE burst rate (2 Users/cell: 1 legacy, 1 RxD UEs per cell)
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Figure 2: Average Soft HO UE Burst Rate Vs Number of UEs/Cell
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Figure 3: Burst Rate Gain for Softer HO UEs Vs Number of UEs/Cell
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Figure 4: Burst Rate Gain for Soft HO UEs Vs Number of UEs/Cell

Note that in figures 1 and 2, the performance of the legacy UEs are represented by dashed lines when SF-DC is enabled (intra or intra+inter). It can be seen that there is no performance degradation experienced by these UE’s when SF-DC is enabled as compared to the baseline. 
In figures 3 and 4, it can be seen that there are significant gains in average user burst rate for users that are SF-DC capable and are in softer and soft handover regions. Note however that the gains seen by SF-DC capable users is smaller than the gain seen in [1] for the same number of users. This is because the slot utilization is higher when there is a mix of legacy and SF-DC capable users.
2.2
Mix of Legacy and SF-DC users (Non-uniform Loading)
As mentioned in [2], it is considered that in a practical deployment, the network under utilized. Consider the common scenario where a UE’s serving cell experiences heavy load over a period of time, whereas a neighboring cell (in its active set) is comparatively more lighlty loaded during the same period. Intra/Inter NB aggregation is advantageous in such scenarios since a SF-DC capable UE would get scheduled from both the cells thereby resulting in dynamic load-balancing in the network.

To evaluate performance in such a scenario, it is assumed that the 3 cells in the center-NB (of the 57-cell/19-NB layout) have 3N users/cell, whereas cells in the other 18 NBs have N users/cell (similar to [2]), where N = 2, 4, 6 and 8. Results are shown comparing the performance of the UE located in the center-NB, i.e., the one that is comparatively heavily loaded. 

Figures 5 and 6 show the CDF of UE burst rates for 6 and 24 users/cell in the center-NB respectively. The simulations were conducted in the same fashion as described in the previous section. When SF-DC is not enabled, the UE’s received data from only their serving cell. Half of the UE’s had 1Rx antenna and the other half had Rx diversity. When SF-DC was enabled, the half that had Rx diversity were considered to be SF-DC UEs and were capable of receiveing data from two cells and did so when in soft or softer handover regions.
Figure 7 shows the gain in average burst rates for UEs that have Rx diversity due to the enabling of SF-DC operation. These UEs are located in the center-NB and are in soft handoff with cells in neighboring Node-Bs.
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Figure 5: CDF of UE Burst rates (6 users per cell in center-NB).
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Figure 6: CDF of UE Burst rates (24 users per cell in center-NB).
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Figure 7: Burst rate gain for soft handoff SF-DC UEs Vs Users/Cell in center-NB

The impact of SF-DC on legacy UE’s can be ascertained by comparing the performance of the UE’s with 1Rx antenna in the baseline case and the case when SF-DC is enabled. This can be seen in Figures 5 and 6 by comparing the dashed lines. It is observed that the legacy 1Rx UEs do not suffer any performance degradation due to the enabling of SF-DC. On the other hand, the SF-DC enabled UE’s have a significant performance gain which is seen by comparing the solid lines in both figures. 

In the baseline scenario, some of the UEs in the center-NB suffer outage as the load, in terms of the user number, increases. This is because there is a corresponding increase in slot utilization and the serving cell alone would not be capable of providing 200kbps of data which is the offered load per user. On the other hand, when SF-DC is enabled and aggregation is allowed, the outage probability is reduced for SF-DC users due to the dynamic load balancing that is a consequence of SF-DC operation. This effect is observed in Figure 7 where there is significant increase in the gains at high loads. 

2.3
Switch Based Intra-NB Aggregation (Non-uniform Loading)

In [2], system simulation results were presented for a switch based Intra-NB aggregation algorithm. Results were shown for the case where cells in a remote radio head (RRH) were assumed to be uniformly loaded. In this contribution, we consider the case where the cells in a RRH are non-uniformly loaded. Note that as in [2], all the users in this scenario contain 1Rx antenna. Instead of simultaneous transmission to the UE from serving and secondary serving cells, packets are transmitted from the stronger of these two cells in a TTI, based on the CQI feedback.  This is equivalent to dynamically switching the serving cell of the UE on a per-TTI basis. Details of the switching based Intra-NB aggregation including the RF/Front end and baseband processing can be found in [2].

Figures 8 and 9 show gains with a switch based Intra-NB aggregation algorithm when the cells in RRH are non-uniformly loaded. Simulation results presented here for this scheme assume a 6-cell remote-radio-head deployment. Half the cells in an RRH have 3 times the number of users as the other half. The results are shown for UEs in softer handover regions of the highly loaded cells of the RRH.
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Figure 8: Avg Burst rate for UEs in softer-HO region of highly loaded cells.
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Figure 9: Gain (%) in Burst Rate for UEs in softer-HO region of highly loaded cells of RRH
It can be seen in figures 8 and 9 that significant performance improvements are schievable with a switch based Intra-NB aggregation scheme in the RRH deployment scenario. The gains can be seen to improve as the load increases because the probability of a UE getting scheduled on its secondary serving cell is higher if the secondary serving cell is lightly loaded.
3
Conclusions

In this contribution, system simulation results are shown comparing the performance of legacy users for the baseline case and the case where SF-DC operation is enabled. Results are shown when the cells are uniformly loaded and a more practical scenario where there is non-uniform loading in the network. The performance gains enjoyed by users that are SF-DC capable are also shown for the two scenarios.

In both the uniform and non-uniform loading scenarios, the legacy users with a single Rx antenna do not suffer any performance degradation due to the enabling of SF-DC operation. Therefore, it can be concluded that this feasure does not impact the performance of legacy users. 

Additionally, results are shown for a switch based Intra-NB aggregation scheme in a non-uniformly loaded RRH deployment scenario where all the UEs have a single Rx antenna. It is observed that gains for UEs in highly loaded cells of RRH increase with increasing load.
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