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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, at least 4 possibilities for multi cell transmission have been discussed:

· HS-DDTX (data-discontinuous transmission), in which co-operating cells deliberately DTX HS-PDSCH during certain TTIs in order to increase the experienced SINR of UEs in neighbour cells. HS-DDTX is likely to be challenging to operate between sites due to the need for co-ordinated scheduling, although could be run over sectors of a Node B or Remote Radio Head deployments.

· SFDC-HSDPA/Multiflow, in which two or more cells schedule HSDPA data to a terminal independently. This proposal is on the face of it a relatively straightforward extension to dual carrier HSDPA introduced in Release 8, at least if a sub-frame boundary aligned cells can be assumed, although there may be some impact to terminal hardware and inter-site operation may require some modification of IuB protocols even in this case.

· Fast cell switching, in which a UE may be served from one of two or more cells, but from only one cell in a given TTI. The serving cell may be changed dynamically depending on channel conditions. This scheme may also require sub-frame boundary aligned cells.

· HS-SFN, in which two or more cells transmit in synchronisation the same signal with the same scrambling code to a scheduled UE. HS-SFN is not well-suited to inter site operation due to the need for both tight synchronisation and co-ordinated scheduling between cells, but may be fairly easily operated between the sectors of a Node B or in a Remote Radio Head deployments.

This paper focuses on performance expectations for the last option; HS-SFN; other papers will examine the performance of the first two options ‎[4], ‎[5]. The performance is examined by means of system simulations with a bursty traffic model in order to gain an appreciation of the performance of the feature at various offered load levels.

This paper in parts is a resubmission ‎[7], with simulation assumptions updated according to Error! Reference source not found., and an additional section on interference on the HS-SCCH.
2
HS-SFN overview

With HS-SFN, a UE is scheduled from two sectors in the same TTI. From it’s serving cell, the UE receives the HS-PDSCH in the usual manner. The assisting cell transmits exactly the same HS-PDSCH transport block in synchronisation with the serving cell and using the same scrambling code as the serving cell. In addition, the assisting cell transmits it’s pilot and control signals using it’s own scrambling code and thus is not providing assistance on the control channels.
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The UE thus receives a combined HS-PDSCH signal from both cells. There are several implications of HS-SFN on system operation: 

· Control channel reception for not scheduled UEs is impacted by the use of a different scrambling code in assisting cells

· CQI estimation for non scheduled UEs is impacted by the use of a different scrambling code in assisting cells

A more full description of HS-SFN is provided in ‎[6].

3
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
4
HS-SCCH power setting with HS-SFN

When applying HS-SFN with HSPA, some drawbacks are met, most notably the difficulty to receive HS-SCCH during SFN transmission, as already discussed in section 4.2 in ‎[6]. The problem arises because the HSDPA code channels are in a normal case orthogonal, but when a cell is transmitting SFN to assist a terminal served by another cell, then the assisting cell needs to apply the scrambling code of that another cell, which breaks the orthogonality and causes some added interference to terminals that would be receiving control message of HS-SCCH at the same time. 

The performance of HS-SCCH is specified in ‎[10], chapter 9.4. A single antenna UE is required to receive it with 5% error probability at PA3 channel down to Ec/Ior = -9dB. Enhanced requirement (diversity receiver) is 1% error probability, same channel, down to Ec/Ior = -12dB. The picture below gives a schematic representation of the situation of an UE moving towards another cell.  
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Figure 1
The power of HS-SCCH is controlled by the NodeB, but taking as an example power shares (without SFN) 10% for C-PICH, 20% for HS-SCCH, and 70% for the data channel HS-PDSCH. The following analysis gives the needed power increase. 

Consider a situation where cell A needs to assist a terminal (not shown) connected to cell B, and therefore other terminals (the UE in picture - not assisted one), can experience difficulty to receive HS-SCCH. When HS-SFN is operated, part of the power from data channel HS-PDSCH is moved to HS-SCCH. The point where 20% HS-SCCH power is needed is converted to effective distance from serving cell. To restore the distances indicated in Figure 1 and assuming the same receiver performances, the share of power of SCCH needs to be increased to 28% and 24%, with receiver performaces -9dB and -12dB, respectively. So the share of power to data in a cell transmitting SFN is 62% and 66%, respectively, instead of 70%.

Calculation of the needed fraction of HS-SCCH power, Figure 2, shows that 50% of terminals can do with less than 12% share of HS-SCCH power, and 90% can do with less than 29% share of HS-SCCH power.
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Figure 2: share of HS-SCCH power in secondary cell for non-HSF operation and HS-SFN operation. 
While the power of the HS-SCCH needs to be increased in the assisting (secondary) cell as described above , at the same time the HS-SCCH power can be decreased in the assisted (primary) cell because less interference is presented by the neighbour cell. Notably the modification of HS-SCCH powers is required only during the period of overlap with the assisting transmissions.
The more sensitive – e.g. with diversity reception, the terminal is, the less power is needed for HS-SCCH in relation to other channels, and the less extra power in absolute terms is needed for HS-SCCH reception.
For control channels whose power is constant, such as the PCPICH, the additional interference in the secondary cell can be overcome by a constant increase in power. for instance a UE that requires a C/I of -6dB will see an interference increase of 0.7dB, and for the case of 20% of total power on control channels the nodeB needs to spend an additional 3.5%of its total power on those control channels. For the case of a UE that requires a C/I of -9dB the increase would be 2%. (-6dB increase: (1 /4) / (1/4.7) = 17.5 increase on control channels)
5
Performance analysis

The performance of HS-SFN has been analysed using system simulations. Simulation parameters are given in the table below:
Table 1: System Simulation Assumptions for HS-SFN with DDTx
	Parameters
	Comments

	Cell Layout
	(1) 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

	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
	14 dBi  (17 dB for 6 sector)

	Antenna pattern
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                                                                      = 70 degrees,

                                                                 Am = 20 dB

	Number of UEs/cell
	1, 2, 4, 8, 16, 32

UEs dropped uniformly 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: 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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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

	DL Scheduling
	The companies should describe the scheduling used. One example scheduling approach described below
· For Intra-NodeB aggregation, a single scheduler is assumed.

	Number of MAC-ehs entities
	· one MAC-ehs entity at the UE. 

	RLC layer modeling
	ideal (not applicable – no data split)

	Iub Flow control modeling
	not necessary 

	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% 

HS-SFN UEs are type3, enhanced type3, and type3i UEs 

	Legacy UE capabilities
	not simulated

	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. For Intra-NB schemes, secondary serving HS-DSCH cell is further restricted to be at the same Node B as the primary serving cell

	CQI Estimation 
	Ideal

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


The simulations model intra-site HS-SFN in a hexagonal grid network. Users are declared to be HS-SFN compatible if the pathloss difference between their best and second best links to cells of the same Node B are within 3dB. HS-SFN UEs are prioritised by the scheduler and are only scheduled using HS-SFN.

The cells are assumed to have a single transmit antenna. The fast fading from the two participating cells to each UE antenna is assumed to be synchronised on every multipath but uncorrelated. This implies that the received HS-SFN signal may combine constructively or destructively and due to the decorrelation of the channel models, the signals do not add coherently. The possibility of improving the coherence of the combination of the signals by means of uplink feedback is investigated ‎[8].

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 form 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 HS-SFN is scheduled on a different scrambling code in their 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.

Figure 3 and Figure 4  show the performance of HS-SFN with a “low complexity” equaliser at 1Mbps load. Figure 3 indicates that UE the UE throughput distribution for the overall cell is unaffected, whilst Figure 4 illustrates the gains seen by UEs in the  SofterHO area. Figure 5 shows that throughput is increased by around 20% for HS-SFN (softer handover) UEs in PedA and VehA channels.

In all figures, the performance is shown for a PedA and VehA channels. VehA channels have more multipath, leading to reduced opposite phase addition of the received signals and a mitigation of the impact on scheduler flexibility of the need to simultaneously scheduler the UE in both cells.
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Figure 3: HS-SFN and single cell operation burst rate cdfs for all UEs @ 0.8Mbps load, PedA (left) and VehA (right)
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Figure 4: HS-SFN and single cell cdfs for softer HO UEs @ 0.8Mbps load, FS 1Mbit, PedA (left) and VehA (right)
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Figure 5: HS-SFN gain for softer HO UEs over single cell operation at various load points, PedA (left) and VehA (right). One UE corresponds to 200kbps offered load per cell.

Figure 6 to Figure 8 show the same results for the “Enhanced type 3” HS-SFN equaliser, for prioritized SofterHO UEs. The burst rate gain is almost doubled to over 30% compared to type3 receivers.
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Figure 6: HS-SFN and single cell operation cdfs for all UEs @ 0.8Mbps load, PedA (left) and VehA (right)
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Figure 7: HS-SFN and single cell cdfs for softer HO UEs @ 0.8Mbps load, PedA (left) and VehA (right)
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Figure 8: HS-SFN gain for softer HO UEs over single cell operation at various load points, PedA (left) and VehA (right)

Figure 9 to Figure 11 show the same results for the type 3i HS-SFN equaliser. With a type 3i equaliser in a PedA channel, although the absolute throughput numbers are higher compared to type 3 receivers, the gain at 0.8Mpbs offered load is now at 10%, and is lower than that of type 3 receivers.
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Figure 9: HS-SFN and single cell operation cdfs for all UEs @ 0.8Mbps load, PedA (left) and VehA (right)
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Figure 10: HS-SFN and single cell cdfs for softer HO UEs @ 0.8Mbps load, PedA (left) and VehA (right)
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Figure 11: HS-SFN gain for softer HO UEs over single cell operation at various load points, PedA (left) and VehA (right)

6
Conclusion

The power setting for HS-SCCH channels in the assisting (secondary) cell during assisted  transmissions were highlighted: It was found that only moderate increase in power restores the  UE-required C/I, while at the same time HS-SCCH power can be lowered in the assisted (primary) cell.

Simulation results indicate that HS-SFN with a “low complexity” equaliser is able to slightly outperform  Multiflow where type 3 receivers are used. For type 3 receivers HS-SFN has at about half the UE implementation complexity as multiflow. It is also noticeable that at low throughput values, the HS-SFN throughput gain is larger than Multiflow, whereas the HS-SFN gain is lower at high throughput values. This is probably due to the limitations of single stream transmission (as applied for HS-SFN) at high SINR. Thus in general it appears that HS-SFN is more beneficial to low throughput users than Multiflow. Presumably, if HS-SFN would be extended to consider dual stream transmission then the technology would be able to benefit both low SINR and high SINR users, whereas multiflow would benefit mainly high SINR users.

Thus it appears that HS-SFN is able to achieve gains with lower complexity than Multiflow, although in low dispersion channels where all UEs have type 3i receivers, Multiflow achieves higher absolute gains.

It should be noted that these simulations do not consider the possibility of RRH deployments, which can be expected to increase gains further. Furthermore, HS-SFN may be further improved by means of attempting to improve the coherence between signals received from different sites using uplink feedback.
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