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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. [1] describes a number of options for multsite transmission, whose performance is examined in [2]-[4].  One of these options is so-called HS-SFN, in which 2 sectors transmit HS-PDSCH to a user with a common scrambling code.

SFN transmission has previously been considered for broadcast applications, in which a significant network level gain can be achieved. Broadcast applications, however due to their nature do not allow for the possibility of a user specific adaptation of the SFN transmission. HS-SFN on the other hand is user specific and thus user specific adaptation of the SFN transmission could be considered.

This paper discusses two possibilities for user specific link adaptation for HS-SFN and the associated performance gains, “transmit precoding for HS-SFN” and “power delay profile adjustments for HS-SFN”.

2

Transmit precoding for HS-SFN

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.

3

Simulation model

The potential for gains to be achieved via user feedback based HS-SFN has been investigated considering a 1x2 (per cell) antenna configuration.

System simulations have been carried out assuming a 3 sector hexagonal grid operating intrasite HS-SFN. The fast-fading channel model has been simplified to PedA (uncorrelated) from each site.

It is assumed that HS-SFN capable UEs include some kind of PCI relating to the opimal TX antenna weights together with CQI reports in a similar manner to MIMO. The Node B then applies the PCI across the 2 sectors when a UE is scheduled in HS-SFN mode. The TX weights are the same as those for single cell MIMO, with the exception that the 1/sqrt(2) is not applied.

The following table summarises key simulation parameters:

	Assumption
	Value

	Cell layout
	Hexagonal grid, 3 sector/site, 19 sites/57 sectors

	Carrier frequency
	2GHz

	Inter site distance
	1000m

	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 3km/h, VA

	Number of users
	1, 2, 4, 8 per cell

	User positioning
	Random

	Handover margin
	3dB

	Traffic model
	Bursty:

Burst size fixed at 1Mbit

Interarrival time according to a Poisson distribution
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Simulation results

Figure 1 indicates throughput cdfs considering a type 3 receiver. The cdfs compare a reference case in which HS-SFN is not employed with HS-SFN considering both all of the users in the cell and softer handover users. The overall cell throughput distribution is not impacted. However softer handover users can experience a mean call throughput gain of around 40%. This compares with around 20% where HS-SFN is applied with a type 3 receiver but with no UE feedback and phase adjustments [4].

4.1

Type 3 receivers
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Figure 1 HS-SFN and reference (No multicell) in comparison for all users (left) and softer HO users (right) considering type 3 receivers

4.2

type 3 enhanced receivers

Figure 2 indicates throughput cdfs considering a type 3 enhanced receiver described in [4]. The cdfs compare a reference case in which HS-SFN is not employed with HS-SFN considering both all of the users in the cell and softer handover users. The overall cell throughput distribution is not impacted. However softer handover users can experience a mean call throughput gain of around 50%. This compares with around 40% with type 3 receiver, or around 30-35% where HS-SFN is applied with a type 3 enhanced receiver but with no UE feedback and phase adjustments [4].
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Figure 2  HS-SFN and reference (No multicell) in comparison for all users (left) and softer HO users (right) considering enhanced type 3 enhanced

4.3

type3i receivers

Figure 3 shows results with a type 3i receiver. It was noted previously that with a type 3i receiver, although absolute throughputs are higher the relative gain of HS-SFN over the reference (for softer handover users) is lower when compared with type 3 results. The same trend is also observed when UE feedback and phase adjustments are applied. The gain of HS-SFN is around 25%, and the overall throughput distribution is unaffected.
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Figure 3  HS-SFN and reference (No multicell) in comparison for all users (left) and softer HO users (right) considering enhanced type 3i receivers

Similarly to the HS-SFN with no feedback results, it can be observed that the HS-SFN throughput gain is more substantial at low throughput levels than at high throughput levels. This is due to the fact that at high throughput levels, SINR can be improved but the absence of spatial multiplexing restricts the achievable data rates.

4.4

Power Delay Profile Adjustment for HS-SFN
In a multi-site deployment of HS-SFN using remote radio heads (RRH), the short-, medium-, and long-term phase relative stability between transmitting antennas may not be as good as in the single-site case. Further, the paths of two non-collocated transmitting nodeBs will typically not align, as their propagation delays have larger variations compared to a collocated antenna deployment. As the paths arriving at the receiver are then not overlapping, the receiver equalizer will combine the paths. 

Note that also for collocated transmitters and overlapping paths there is the possibility to delay the signal of the assisting cell and thereby bring about a non-overlapping power delay profile. Introducing a time-shift to the transmit signal at the assisting cell may mean that an equal amount of the signal at the end of the TTI needs to be omitted, so as not to exceed maximal transmit power requirements. 
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Figure 3: PDP delays between cell A and B, for the assisting data only

5

Conclusion

Although further investigations with a range of scenarios and channel models are required, these results suggest that in some scenarios, UE feedback may have the potential to improve HS-SFN performance. Similarly to the non UE  feedback HS-SFN results, the relative gain of HS-SFN is lower when every UE has a type 3i receiver compared to type 3, and the magnitude of the gains is more substantial for low throughput users than high throughput ones.
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