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Introduction

This document summarizes all HS-SFN results as presented in [2] and [3] include some updated figures and proposes to introduce them to the HSDPA Multipoint Transmission TR.

For the sake of completeness we are presenting here a complete set of burst rate statistics for PA,VA, and PB channel profiles for HS-SFN with various receiver architectures, for 3- and 6-sector deployments. It may be sufficient however to include into the TR for the type3 and enhanced type3 receivers only the simulations using the PA channel.
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Text proposal start

7.x
HS-SFN system evaluation

7.x.1
HS-SFN UE receiver architectures

 A number of variations exist for the UE receiver architecture for HS-SFN reception which impact differently UE complexity and performance:

“Low complexity” HS-SFN receiver

The “Low complexity” HS-SFN receiver makes channel estimates based on P-CPICH from the two participating cells. The channel estimates are then combined and used to derive type 3 equaliser coefficients:
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In terms of complexity, the “low complexity” HS-SFN receiver requires a single equaliser calculation and a single receiver chainThe performance disadvantage with the “low complexity” HS-SFN receiver is that it does not attempt to mitigate interference from the P-CPICH and control channels in either of the two participating cells.

“Enhanced type 3” HS-SFN receiver

The “Enhanced type 3” HS-SFN receiver makes channel estimates from the P-CPICH of each of the participating cells. The covariance matrix is then calculated taking into account the P-CPICH and control channel power of each of the serving cells. (It should be noted that this type of receiver would benefit from some knowledge on the part of the UE of the proportion of the total cell power allocated to HS-PDSCH)
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In terms of complexity, this type of receiver requires 3 matrix multiplications in calculating the covariance matrix, and a single receive chain. The “Enhanced type 3” HS-SFN receiver mitigates P-CPICH and control channel interference from the cells participating in HS-SFN but does not mitigate inter-cell interference. However it should be noted that for HS-SFN UEs, the second strongest cell is likely to be the HS-SFN assisting cell. Thus the efficiency of the “Enhanced type 3” HS-SFN receiver is likely to be similar to a type 3i receiver that mitigates interference form the second strongest cell

7.x.2
Results with 3 sectors 

In all simulations there were about 4% UEs in the SofterHO area, and about 21% of UEs in the SHO areas.
7.x.2.1
Assumption complementing section 6.1

Table 7.x.1: Simulation assumptions complementing those in section 6.1

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around as defined in Section 6.1

	Inter-site distance
	as defined in Section 6.1

	Cell transmit timing
	Ideal sub-frame boundary alignment

	Carrier Frequency
	as defined in Section 6.1

	Antenna pattern
	2D-pattern as defined in section 6.1

	Channel Model
	PA3, VA3, PB3 

	UE Receiver Type
	Type 3 and Type 3i, and enhanced Type 3

	Soft Handover Parameters
	R1a (reporting range constant) = 3 dB

	Traffic Model
	as defined in Section 6.1

	Flow control on Iub
	Ideal and instantaneous

	HS-DPCCH decoding
	Ideal


7.x.2.2 Results for type3 receivers
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Figure 7.x.1: HS-SFN burst rate CDF @ 1 and 8 users per cell, 3 sectors, PA, VA, PB

Figure 7.x.1 shows the CDF of burst rates for packets transmitted by all users, and by users in the SofterHO area. In general the SofterHO UEs experience gains, while the overall performance is largely not affected. Lower percentiles of the SofterHO UE burst rate CDF experience a stronger gain.
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Figure 7.x.2: HS-SFN gain  at various load points, 3 sectors, PA, VA, PB

In Figure 7.x.2 the mean burst rate gains are at 18%, and vary only little for different channel profiles.
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Figure 7.x.3: mean burst rate performance for all UEs and UEs in softerHO area, 3 sectors, PA, VA, PB

Figure 7.x.3 shows the mean burst rates of all packets, for the reference and HS-SFN simulations. The burst rates are lower for channels with larger delay spread, as is expected. The lower absolute performance does not affect the relative gains of HS-SFN.
7.x.2.3 Results for enhanced type3 receivers
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Figure 7.x.4: HS-SFN burst rate CDF @ 1 and 8 users per cell, 3 sectors, PA, VA, PB

In Figure 7.x.4 the enhanced type3 equalizer burst rate CDF is displayed. Here the effect of better performance for lower percentiles is less pronounced indicating that the interference of the pilot of the neighbour is otherwise the limiting factor for type3 receivers for higher percentiles.
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Figure 7.x.5: HS-SFN gain for UEs in the softer HO area at various load points, 3 sectors, PA, VA, PB

In Figure 7.x.5 the gain for a range of offered load is displayed: The gain is increased by 10-20% compared to the type3 receiver. 
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Figure 7.x.6: mean burst rate performance for all UEs and UEs in softerHO area, 3 sectors, PA, VA, PB

In Figure 7.x.6 mean burst rate shows the same performance as that of the type3 receiver, as only a small percentage of HS-SFN users employ the enhanced equalizer receiver.
7.x.2.4 Results for type3i receivers
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Figure 7.x.7: HS-SFN burst rate CDF @ 1 and 8 users per cell, 3 sectors, PA, VA, PB

The burst rate statistics for type3i receivers is shown in Figure 7.x.7 and resemble those of the type3 receiver albeit with decreased gain.
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Figure 7.x.8: HS-SFN gain for UEs in the softer HO area at various load points, 3 sectors, PA, VA, PB

The performance curves for a range of loads show decreased gains of around 20%for PA and VA channels. We believe the positive trend for 16 users for PB channels to be an artifact. 
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Figure 7.x.9: mean burst rate performance for all UEs and UEs in softerHO area, 3 sectors, PA, VA, PB

Figure 7.x.9 shows that mean burst rates are improved compared to type3 receivers, as is expected.
7.x.3
Results with 6 sectors 

In all simulations there were about 6% UEs in the SofterHO area, and about 23% of UEs in the SHO areas. 

7.x.3.1
Assumption complementing section 6.1

Table 7.x.2: Simulation assumptions complementing those in section 6.1

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 6 sectors per Node B with wrap-around as defined in Section 6.1

	Inter-site distance
	as defined in Section 6.1

	Cell transmit timing
	Ideal sub-frame boundary alignment

	Carrier Frequency
	as defined in Section 6.1

	Antenna pattern
	2D-pattern as defined in section 6.1

	Channel Model
	PA3, VA3, PB3 

	UE Receiver Type
	Type 3 and Type 3i, and enhanced Type 3

	Traffic Model
	as defined in Section 6.1

	Flow control on Iub
	Ideal and instantaneous

	HS-DPCCH decoding
	Ideal


7.x.3.2 Results for type3 receivers
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Figure 7.x.10: HS-SFN burst rate CDF @ 1 and 8 users per cell, 6 sectors, PA, VA, PB

Figure 7.x.10, 7.x.11, and 7.x.12 showing the CDF of burst rates, bean gains and mean burst rates indicate that for 6-sectors the increase interference will lead to overall lower performance, but relative behavior of HS-SFN compared to the baseline remains comparable to that of a 3-sector deployment.
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Figure 7.x.11: HS-SFN gain  at various load points, 6 sectors, PA, VA, PB
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Figure 7.x.12: mean burst rate performance for all UEs and UEs in softerHO area, 6 sectors, PA, VA, PB

7.x.2.3 Results for enhanced type3 receivers
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Figure 7.x.13: HS-SFN burst rate CDF @ 4 users per cell, 6 sectors, PA, VA, PB
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Figure 7.x.14: HS-SFN gain  at various load points, 6 sectors, PA, VA, PB

The enhanced type3 receiver is exhibiting decreasing gains already earlier than in the 3-sector scenario (e.g. for 8 users/cell), because in this 6-sector scenario interference levels are elevated. This is also reflected in below Figure 7.x.14 showing mean burst rates. 
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Figure 7.x.15: mean burst rate performance for all UEs and UEs in softerHO area, 6 sectors, PA, VA, PB

7.x.2.4 Results for type3i receivers

The CDFs of burst rates for type3i receivers in 6-sector scenarios resemble again those of type3 receivers for 3-and 6-sector scenarios, and while some gains for SofterHO users materialize other users are not affected.
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Figure 7.x.16: HS-SFN burst rate CDF @ 1 and 8 users per cell, 6 sectors, PA, VA, PB
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Figure 7.x.17: HS-SFN gain  at various load points, 6 sectors, PA, VA, PB

The plot of mean burst gains for a range of offered load shows that relative gains are somewhat lower than those of type3 receivers, as part of the interference coordination gains available to HS-SFN materialize also in the reference case through the interference aware receiver.
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Figure 7.x.18: mean burst rate performance for all UEs and UEs in softerHO area, 6 sectors, PA, VA, PB

7.x.x Conclusion
HS-SFN provides consistent gains for UEs in the SofterHO area without negatively impacting overall performance for loads within the system capacity. Gains are emphasized for low-percentile SofterHO UEs and overall behaviour is comparable for 3- and 6-sector scenarios, with marginally increased gains for 6-sector deployments for type3 and type3i receivers.
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