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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 the second of these options; HS-DDTX and examines the performance by means of system simulations considering two types of UE receiver. Other papers examine the Multiflow and HS-SFN options [1, 2].
HS-DDTX overview

HS-DDTX is not a multicell transmission technique as such, but rather a multicell dynamic interference avoidance technique. With HS-DDTX, a scheduler makes decisions considering a number of sectors. In some cases, where there is a UE in one sector quite close to the border with a second sector, the throughput to the UE may be significantly increased if HS-PDSCH is DTXd in the second sector and the cell transmit power correspondingly reduced. (Of course, pilot and control channels are transmitted continuously from all of the sectors). The HS-DDTX scheduler schedules UEs and applies HS-PDSCH DTX in a co-ordinated fasion across the sectors that it controls.
HS-DDTX has impacts on CQI reporting in that the scheduler needs to estimate the impact of DTXing a sector. Furthermore, it is necessary to identify the UEs that are close to sector borders.  It should however be noted that already in today’s HSDPA networks experiecing bursty traffic, DTX of the HS-PDSCH of adjacent cells may take place on a regular basis and thus the impact of additional variance in CQI reporting due to the application of HS-DDTX may not be as severe as might first be expected.
HS-DDTX has the lowest UE receiver and network impact of all of the considered schemes as it requires a single cell HSDPA receiver
Simulation assumptions

Intra-site HS-DDTX was modelled under the assumption of perfect CQI knowledge. Two types of UE receiver were examined; a type 3 receiver and a type 3i receiver. In each case, all of the users in the simulation were assumed to share the same receiver type.

The following table details additional simulation assumptions.

Table 1: Simulation parameters

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1500 m

	Cell transmit timing
	Ideal sub-frame boundary alignment

	Carrier Frequency
	2150 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers 

	Log Normal Fading 
	Standard Deviation : 8dB 

	
	Inter-Node B Correlation:0.5

	
	Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
	 2D Pattern:                                                                  
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	Channel Model
	PA3 

	CPICH Ec/Io
	-10 dB 

	Total Overhead power
	30%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	UE Receiver Type
	1x2 type 3, 1x2 type 3i

	Maximum Sector
	43 dBm 

	Transmit Power
	

	Traffic
	NGMN Bursty Traffic Source Model

	
	File Size = 1Mbit, offered load: various parameters

	
	 

	
	 

	Flow control on Iub
	Ideal and instantaneous

	HS-DPCCH Decoding
	Ideal on both sectors

	
	 


Simulation results

Figure 1 to Figure 3 show the throughput gains achievable using HS-DDTX using a type 3 receiver at 1Mbps offered load. Figure 1 shows that HS-DDTX does not impact the overall cell throughput cdf. Figure 2 shows a throughput cdf for softer handover users, who are most able to benefit from HS-DDTX. Figure 3 shows that the mean gain of softer handover users for the HS-DDTX schemes with schedulers favouring SofterHO users can be improved by up to 10 per-cent without sacrificing the burst rate of other users (Figure 1).
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Figure 1: HS-DDTX and single cell operation cdfs for all UEs @ 1Mbps load 
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Figure 2: HS-DDTX and single cell cdfs for softer HO UEs @ 1Mbps load

[image: image3.png]SofterHO UEs burst rate gain [%]

70

60

50

40

30

20

HS-DDTXx, type3, prioritization SofterHO

1.5
offered load [Mbps]

2

2.5





Figure 3: HS-DDTX gain for softer HO UEs over single cell operation at various load points

Figure 4 to Figure 6 show the throughput gains achievable using HS-DDTX using a type 3i receiver at 1Mbps offered load. Similarly to a type 3 receiver, the overall cell throughput  is not impacted. However the burst rate gains of softer handover users are somewhat lower compared to the type 3 receiver and are only a few percent.
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Figure 4: HS-DDTX and single cell operation cdfs for all UEs @ 1Mbps load 
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Figure 5: HS-DDTX and single cell cdfs for softer HO UEs @ 1Mbps load
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Figure 6: HS-DDTX gain for softer HO UEs over single cell operation at various load points

Conclusions

HS-DDTX has the lowest UE complexity impact of the considered multicell schemes. However some standards change may still be required to consider CQI reporting. For inter-site support a way of coordinating the transmissions would need to be introduced to the Iub interface. Some gain is achievable with HS-DDTX, although based on this analysis it seems to be fairly modest.
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