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Introduction

This document summarizes all HS-SFN with feedback results as presented in [2] and [3], includes 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 with UE feedback
Transmit antenna precoding is already embedded within the HSPA specifications for single cell transmissions where downlink MIMO is applied. In a single cell scenario, 4 sets of antenna precoding weights are defined as follows:
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The UE reports in each TTI the precoding weights that maximise the RX SINR at it’s receiver, which can be applied by the Node B when transmitting HS-PDSCH.

Where HS-SFN is applied from single transmit antenna cells, antenna precoding can be applied in a similar manner to the single cell technique. In this case, the weights are applied to the two antennas that belong to the 2 transmitting cells (and no normalisation by sqrt(2) is applied to the weights as is the case in single cell). The UE can indicate in uplink precoding weights which, if applied in combination with a HS-SFN transmission would maximise the RX SINR.
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If the cells participating in HS-SFN are themselves MIMO cells, then the HS-SFN transmission becomes effectively 4x2. Thus a 4 antenna codebook could be devised that would maximise the received SINR during HS-SFN transmissions.
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, UE providing feedback enabling transmit precoding at the nodeB

	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 with phase adjustments
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Figure 7.x.1: HS-SFN burst rate CDF @ 1 and 8 users per cell, 3 sectors, phase adjustments,  PA, VA, PB

Figure 7.x.1 shows the CDF of packet burst rates for the packets of UEs in the SHO and SofterHO area as well as of all UEs. For both, low and high load a gain is achieved for SofterHO UEs with only marginal effect on the performance of other UEs.
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Figure 7.x.2: HS-SFN gain  at various load points, 3 sectors, phase adjustments,  PA, VA, PB

Figure 7.x.2 shows mean burst rate gains for all UEs, and for the set of SofterHO UEs. UEs in the softerHO area experience a gain of around 35%. For higher load the gains are decreasing. 
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Figure 7.x.3: mean burst rate performance for all UEs and UEs in softerHO area, 3 sectors, phase adjustments,  PA, VA, PB

Figure 7.x.3 shows the mean burst rates against the offered load. Here we observe that while the greater delay spread of a channel affects the overall TP, the gains against the reference case were comparable for all channels, with HS-SFN slightly performing better for the PB channel profile.

7.x.2.3 Results for enhanced type3 receivers with phase adjustments

[image: image15.png]HS-SFN, enhanced type 3 receiver, 1 UE per cell, 64-PedA, Phase Adjustment

1 T
ref SHO
—HS-SFN SHO
ref SofterHO
0.8 ] — HS-SFN SofterHO 7
all ref
all HS-SFN
0.6 7
L
[m]
O
041 1
0.2 7
0
8 7
10 10

Burst rate [bps]



[image: image16.png]HS-SFN, enhanced type 3 receiver, 8 UEs per cell, 64-PedA, Phase Adjustment
1 ;

ref SHO
—HS-SFN SHO
ref SofterHO
0.8 ] — HS-SFN SofterHO 7
all ref
all HS-SFN
0.6 7
L
[m]
O
041 1
0.2 7
0 L
8 7
10 10

Burst rate [bps]




[image: image17.png]HS-SFN, enhanced type 3 receiver, 1 UE per cell, 64-PedB, Phase Adjustment

1 T
ref SHO
—HS-SFN SHO
ref SofterHO
0.8 ] — HS-SFN SofterHO
all ref
all HS-SFN
0.6 7
L
[m]
O
041 1
0.2 7
0
8 7
10 10

Burst rate [bps]



[image: image18.png]HS-SFN, enhanced type 3 receiver, 8 UEs per cell, 64-PedB, Phase Adjustment
1 :

ref SHO

—— HS-SFN SHO

ref SofterHO

0.8 = HS-SFN SofterHO

all ref

all HS-SFN

0.6

CDF

04

0.2

10 10
Burst rate [bps]




[image: image19.png]HS-SFN, enhanced type 3 receiver, 1 UE per cell, 64-VehA, Phase Adjustment

1 T
ref SHO
—HS-SFN SHO
ref SofterHO
0.8 ] — HS-SFN SofterHO 7
all ref
all HS-SFN
0.6 7
L
[m]
O
041 1
0.2 7
0
8 7
10 10

Burst rate [bps]



[image: image20.png]HS-SFN, enhanced type 3 receiver, 8 UEs per cell, 64-VehA, Phase Adjustment
1 . —

ref SHO

—— HS-SFN SHO

ref SofterHO
0.8 = HS-SFN SofterHO
all ref

all HS-SFN

0.6

CDF

04

0.2

10 10
Burst rate [bps]




Figure 7.x.4: HS-SFN burst rate CDF @ 1 and 8 users per cell, 3 sectors, phase adjustments,  PA, VA, PB

With an enhanced equalizer type of receiver the gains for HS-SFN UEs in the SofterHO area can be improved without affecting the overall behaviour compared to type3 receivers. 
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Figure 7.x.5: HS-SFN gain at various load points, 3 sectors, phase adjustments,  PA, VA, PB

Figure 7.x.5 shows that with the enhanced type3 receiver overall gains are not affected while the gain SofterHO UEs is increased by about 15% compared to type3 receivers. For channels with larger delayer spread and high offered load the enhanced equalizer performs worse than 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, phase adjustments,  PA, VA, PB

The mean burst rate graphs in Figure 7.x.6 show that the enhanced equalizer does not affect overall absolute system performance compared to a type3 receiver, as the amount of SofterHO UEs which are making use of that receiver is limited to a smaller percentage.
7.x.2.4 Results for type3i receivers with phase adjustments
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Figure 7.x.7: HS-SFN burst rate CDF @ 1 and 8 users per cell, 3 sectors, phase adjustments,  PA, VA, PB

The overall shape of the burst rate CDFs remains largely unaffected by the use of a type3i receiver.
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Figure 7.x.8: HS-SFN gain  at various load points, 3 sectors, phase adjustments,  PA, VA, PB

In Figure 7.x.8 Overall gains remain at the level of the type3 receiver of about 35%.
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Figure 7.x.9: mean burst rate performance for all UEs and UEs in softerHO area, 3 sectors, phase adjustments,  PA, VA, PB

In Figure 7.x.9 mean burst rates are displayed.
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. 

The results presented below use an updated scheduler compared to the results presented in Feb, which is less favorable to cell-edge users.

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, UE providing feedback enabling phase adjustments at the nodeB

	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, phase adjustments, PA, VA, PB

The overall CDF shapes for a 6-sector deployment in Figure 7.x.10 remain comparable to those of a 3-sector deployment. 
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Figure 7.x.11: HS-SFN gain  at various load points, 6 sectors, phase adjustments,  PA, VA, PB

SofterHO gains for 6-sector and type3 receivers are about 10% higher than those of 3-sector deployments at 50% for few users decreasing to 35% for 8 users.
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Figure 7.x.12: mean burst rate performance for all UEs and UEs in softerHO area, 6 sectors, phase adjustments,  PA, VA, PB
7.x.2.3 Results for enhanced type3 receivers with phase adjustments
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Figure 7.x.13: HS-SFN burst rate CDF @ 1 and 8 users per cell, 6 sectors, phase adjustments,  PA, VA, PB

Figure 7.x.13 shows that the CDF shape is not significantly altered compared to the 3-sector deployment or type 3 receivers.
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Figure 7.x.14: HS-SFN gain at various load points, 6 sectors, phase adjustments,  PA, VA, PB

The mean burst rate gains for UEs in the SofterHO area are comparable to those for a 6-sector deployment. For increased offered load system performance exhibits a larger loss, though.
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Figure 7.x.15: mean burst rate performance for all UEs and UEs in softerHO area, 6 sectors, phase adjustments,  PA, VA, PB

The mean burst rates here are lower than for the 3-sector case, highlighting the increased interference of the simulation scenario.
7.x.2.4 Results for type3i receivers
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Figure 7.x.16: HS-SFN burst rate CDF @ 1 and 8 users per cell, 6 sectors, phase adjustments,  PA, VA, PB

Unsurprisingly also for type3i receivers with 6-sectors no changes occur in the shape of the CDF. The tendency of HS-SFN to favour low percentiles of SofterHO UEs becomes visible also at higher loads.
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Figure 7.x.17: HS-SFN gain at various load points, 6 sectors, phase adjustments,  PA, VA, PB

Figure 7.x.17 shows that good gains of up to 40% materialize also for type3i receivers. In an overload scenario the usage of HS-SFN with feedback leads to system losses.
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Figure 7.x.18: mean burst rate performance for all UEs and UEs in softerHO area, 6 sectors, phase adjustments,  PA, VA, PB

7.x.2.x Conclusion
HS-SFN with feedback is providing burst rate gains of around 40% for UEs in the SofterHO area without affecting overall performance. The performance is however degraded when more packets are offered than can be transmitted, something which could be remedied by a different scheduler. The scheme provides gains also when the reference scenario employs type3i receivers, and the pronounced gains for low-load low-TP percentiles are visible for 3-sector and 6-sectors and all receiver types. 
