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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 [1], [2]. 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.

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 [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 chainThe “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
“Enhanced type 3i” HS-SFN receiver
The “Enhanced type 3i” HS-SFN receiver is an extension of the “Enhanced type 3” receiver that takes into account the interference of other stronger cells.
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The complexity of the “Enhanced type 3i” HS-SFN receiver will depend on the number of cells whose interference is considered. A single receive chain is required
Performance analysis

The performance of HS-SFN has been analysed using system simulations. Simulation parameters are given in the table below:

	Assumption
	Value

	Cell layout
	Hexagonal grid, 3 sector/site, 19 sites/47 sectors

	Carrier frequency
	2GHz

	Inter site distance
	1500m

	Antenna configuration
	3 sector

	Antenna beamwidth
	70 degrees

	Antenna FTB
	20dB

	Node B antenna gain
	14 dBi

	UE noise figure
	9dB

	UE RX antennas
	2

	UE antenna gain
	0dB

	Node B TX power
	43dBm

	Minimum coupling loss
	35m

	Propagation model
	128.1 + 37.6log10(R)

	Shadow fading
	8dB

	Shadowing correlation
	1 between sectors, 0.5 between sites

	Penetration loss
	10dB

	Thermal noise level
	-102.9dBm (Actually UL level)

	Fast fading
	PA3 and PB3 3km/h

	Number of users
	Dependent on load level

	User positioning
	Random

	Handover margin
	0dB

	Traffic model
	Bursty:

Burst sized fixed at 1Mbit
Interarrival time according to a Poisson distribution; adjusted according to required load level

Users only transfer 1 file; each new arriving file has a new user position


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 in [4].

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.

Figures 1 and 2  show the performance of HS-SFN with a “low complexity” equaliser at 1Mbps load. Figure 1 indicates that UE the UE throughput distribution for the overall cell is unaffected, whilst figure 2 shows that throughput is increased by around 20% for HS-SFN (softer handover) UEs in the PedA channel up to  35% in the PedB channel. Figure 3 indicates the gain for softer handover UEs at a range of load levels. (The overall cell throughput distribution  is unaffected at all load levels).
In all figures, the performance is shown for a PedA and PedB channels. PedB 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 1: HS-SFN and single cell operation burst rate cdfs for all UEs @ 1Mbps load, PedA (left) and PedB (right)
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Figure 2: HS-SFN and single cell cdfs for softer HO UEs @ 1Mbps load, FS 1Mbit, PedA (left) and PedB (right)
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Figure 3: HS-SFN gain for softer HO UEs over single cell operation at various load points, PedA (left) and PedB (right)
Figures 4-6 show the same results for the “Enhanced type 3” HS-SFN equaliser, for prioritized SofterHO UEs. The gain of HS-SFN remains at levels comparable to the type 3 receiver
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Figure 4: HS-SFN and single cell operation cdfs for all UEs @ 1Mbps load, PedA (left) and PedB (right)
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Figure 5: HS-SFN and single cell cdfs for softer HO UEs @ 1Mbps load, PedA (left) and PedB (right)
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Figure 6: HS-SFN gain for softer HO UEs over single cell operation at various load points, PedA (left) and PedB (right)
Figures 7-9 show the same results for the “Enhanced 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 1Mpbs offered load remains around 20%, and is lower than type 3 at higher load levels (although with increased absolute throughput in both the reference and HS-SFN cases). For PedB channels the overall gain is diminished
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Figure 7: HS-SFN and single cell operation cdfs for all UEs @ 1Mbps load, PedA (left) and PedB (right)
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Figure 8: HS-SFN and single cell cdfs for softer HO UEs @ 1Mbps load, PedA (left) and PedB (right)
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Figure 9: HS-SFN gain for softer HO UEs over single cell operation at various load points, PedA (left) and PedB (right)
Conclusion
Simulation results indicate that HS-SFN with a “low complexity” equaliser is able to slightly outperform  Multiflow where type 3 receivers are used for a PedA channel, and clearly has an advantage in PedB environments where non-interference aware receivers cannot perform well. For type 3 receivers HS-SFN has at about half the UE implementation complexity as multiflow.. Where type 3i receivers are assumed, Multiflow achieves higher mean gains for the softer handover users,. The better gain of Multfilow with type 3i receivers is probably due to the fact that Multiflow is free to schedule users at any time in either cell, whereas HS-SFN has to schedule users simultaneously from assisting cells; i.e. Multiflow has greater scheduler flexibility. 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 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 would 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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