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1 Introduction

RAN#50 decided to open a Study Item relating to the possibility of increasing HSDPA user experience, and in particular cell edge performance by means of introducing the possibility of transmitting to UEs from more than one cell and/or site. In previous RAN1 meetings, a few possibilities for the multi-cell transmission have been discussed: HS-DDTX, SFDC-HSDPA/Multiflow, HS-SFN. This paper focuses on performance expectations for the last option, HS-SFN and HS-SFN with the phase adjustment feedback. In particular, the HS-SFN performance for the 6-sector case is studied, and is shown to be suited very well the performance for that high-interference scenario. 6-sector deployments offer a straightforward way of upgrading the capacity of existing 3-sector sites and by the evaluated techniques can be improved even further.

This document brings an update to the earlier submitted R1-111054 in that gain figures now also extend to 8 users per cell.

2 HS-SFN and HS-SFN with phase adjustment 

For a detailed description of HS-SFN and HS-SFN with phase adjustments the reader may refer to [6] and [7]. 

3 Simulation assumptions

Table 1: System Simulation Assumptions for 6-sector HS-SFN

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 6 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

	Penetration loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	17 dBi 

	Antenna pattern
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                                                                      = 35 degrees,

                                                                 Am = 23 dB

	Number of UEs/cell
	1, 2, 4, 8

UEs dropped evenly across the system

	Channel Model
	PA3, VA3

Fading across all pairs of antennas is completely uncorrelated.

	CPICH Ec/Io
	-10 dB

	Total Overhead power
	30%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Maximum Sector

Transmit Power
	43 dBm 

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

R1b (reporting range constant) = 3 dB

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH

-Total available power for  HS-PDSCH and HS-SCCH is 70% of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER, or 

HS-PDSCH HARQ: Both chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	HS-DPCCH 
	9 slot CQI delay

CQI estimation noise may be added

	Number of H-ARQ processes
	8

	Maximum active set size
	2

	Traffic
	Bursty Traffic Source Model

File Size: Truncated Lognormal,  
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 , Mean = 0.125 Mbytes Maximum = 1.25 Mbytes

Inter-arrival time: Exponential, Mean = 5 seconds

	OCNS
	 OCNS=0, namely all sectors transmit at full power only when they have data. 

	Candidate Schemes
	HS-SFN schemes:

(1) HS-SFN with DDTx

(2) HS-SFN with DDTx and feedback

	DL Scheduling
	a single site-wided scheduler is assumed

	Number of MAC-ehs entities
	one MAC-ehs entity 

	RLC layer modeling
	Ideal

	Iub Flow control modeling
	Ideal, not needed 

	HS-DPCCH Decoding
	Ideal 

	MP-HSDPA   UE capabilities
	All MP-HSDPA UEs are capable of 15 SF 16 codes and 64QAM for each cell 

Percentage of MP-HSDPA capable Ues : 100

	Legacy UE capabilities
	(1) not modelled, no legacy UEs in the simulations

	UE distribution 
	UEs uniformly distributed within the system 

	Secondary serving cell
	The secondary strongest cell in the UE active set, based on path loss and shadowing, is the secondary serving cell. If the secondary strongest cell does not belong to the same Node B, a UE will not be provided with the HS-SFN assistance.

	CQI Estimation 
	Ideal

	CQI Impact
	nodeB is aware of impact of secondary transmissions on legacy UEs


The simulations model the intra-site HS-SFN in a hexagonal homogeneous network, where each site comprises 6 sectors as presented in Figure 1. Each cell of the 6-sector site uses a narrower beamwidth antenna with a higher gain at the main lobe direction, as presented in the table with simulation assumptions. Nevertheless, the overall simulation area and site locations are exactly the same as in the 3-sector case. 
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Figure 1: 6 sectors site layout

The described network layout and antenna pattern lead to an average amount of UEs located in the 3-dB SofterHO margin area of about 5-6%. Different antenna patterns may improve system results.

Users will be eligible for HS-SFN transmissions as they fall within the 3dB SofterHO area. Propagation from transmitters to UE receiver from different cells is assumed to be equal. This implies that the received HS-SFN signal may combine over the air constructively or destructively. This is mitigated by means of uplink feedback [7], simulation results for which are also presented in this paper.

In the current simulations, CQI reporting is assumed to be ideal; that is, HS-SFN UEs are able to estimate HS-SFN CQI based on reception of the pilot channels from the two cells and non HS-SFN UEs are unaffected by the use of the secondary scrambling code. In reality, it is probably a reasonable assumption that a HS-SFN capable UE would be able to estimate a HS-SFN CQI. However legacy terminals would estimate CQI incorrectly when their primary cell is providing assistance on a different scrambling code to a neighbouring cell. Since the Node B is aware when HS-SFN is scheduled, it would be able to take some measures to mitigate the CQI degradation effect.

4 Simulation Results

4.1 Type3 receiver

Fig. 2 shows the baseline simulation results and performance of HS-SFN with and without phase adjustment feedback for a particular case of 4 UEs per cell (for the sake of brevity, other cases were omitted). The figure indicates that introduction of the HS-SFN schemes does not impact significantly results at the system level. The essentially unaffected overall performance indicates that burst rate gains obtained for UEs in the SofterHO area are not bought on the expense of other UEs.
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Figure 2: Baseline, HS-SFN and HS-SFN with phase adjustment for all UEs under different load, PedA (left), VehA (right)

Fig. 3 shows similar results as in case of Figure 1, but only for the softer HO UEs. It is easy to see that both HS-SFN schemes (with and without the phase adjustment feedback), provide quite a noticeable gain for the baseline results for the whole range of burst rates. 
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Figure 3: Baseline, HS-SFN and HS-SFN with phase adjustment for softer HO UEs under different load, PedA (left), VehA (right)

Finally, Fig. 4 summarizes these simulation results and provides gains for the HS-SFN schemes with and without the phase adjustment feedback against the baseline results. As can be seen, substantial gains for softer HO UEs for all the offered loads are realized. Similar to the3-sector case [6] and [6], higher gains are observed for the VehA channel since the HS-SFN scheme can exploit better the fast varying channel.
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Figure 4: Performance gains for HS-SFN with and without phase adjustment, PedA (left), VehA (right)

4.2 Type3i receiver

In this section we present the simulation results for exactly the same cases as earlier, but for the Type3i receiver. As can be seen from Fig. 5 and 6, the burst rate CDF is shifted to the right compared to the Type3 receiver results, as is expected. Similarly to the Type3 simulation results, introduction the HS-SFN schemes does not impact the results at the system level.  At the same time, as Fig. 6 shows, noticeable gains can be provided for the softer HO UEs.
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Figure 5: Baseline, HS-SFN and HS-SFN with phase adjustment for all UEs under different load, PedA (left), VehA (right)


[image: image11.emf]

 EMBED Microsoft Office Word Picture [image: image12.emf] 


Figure 6: Baseline, HS-SFN and HS-SFN with phase adjustment for softer HO UEs under different load, PedA (left), VehA (right)

While comparing the performance gains presented in Fig. 7 to the ones for the Type3 receiver in Fig. 4, one can notice that overall gains are smaller for the type3i receiver. The explanation is that the baseline results are better for Type3i, which can combat better interference coming from the neighbouring cell. Otherwise, both HS-SFN and HS-SFN with phase adjustment provide a substantial gain to the baseline results, where the VehA channel provides even higher gains when compared to PedA.
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Figure 7: Performance gains for HS-SFN with and without phase adjustment, PedA (left), VehA (right)

5 Conclusion

The gains observed for HS-SFN and HS-SFN with phase adjustments for 6-sector sites are noticeably higher than those for 3-sector sites. This can be explained by a somewhat larger population of UEs in the softer HO area. Furthermore, since the cells belonging to the same site has a common HS-SFN scheduler, the better scheduling decision is made by analyzing larger number of UEs.  Another factor may be that the role of interference managing or interference reducing schemes becomes more important as more UEs are located to the same area as the capacity is increased.

It should be noted that the 6-sector deployment is a popular option to upgrade existing sites’ capacity in the urban areas. Deployment of the HS-SFN functionality to those sites can improve even further the performance of the cell edge users.
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