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

2
Multiflow overview

In Multiflow, a UE is able to simultaneously be scheduled and receive HS-PDSCH from 2 cells. From a UE L1 perspective, the scheduling from the two cells is independent, although the HS-DSCH data flow to the cells is split within the network and combined in the UE receiver. The location of the splitting / combining is dependent on whether intra- or inter- Node B multiflow is operated and is not the subject of this paper. From a UE L1 and simulation perspective, the feature can be viewed as being very similar to dual carrier HSDPA, with the exception that the HS-PDSCHs are transmitted from geographically distinctive cells.

Intra-site Multiflow enables scheduler co-ordination, whereas inter-site multiflow implies independent schedulers. Furthermore, RNC-Node B flow control procedures for operating inter site Multiflow is a topic that requires close attention.

A more full description of Multiflow is provided in [3].
3
Data flow split options 
Within HSPA RAN at least three potential data split options should be considered; PDCP, RLC, and MAC-ehs split.
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Data split options in HSPA RAN

For obvious reasons the RNC based options (PDCP or RLC split) are better suited for inter-site scenarios while MAC-ehs split is in practice limited to intra-site operation and follows the structure used for e.g. DC-HSDPA.

Data split in PDCP layer would allow to keep lower protocol layers untouched and it would enable parallelizing of RLC processes in RNC. Drawback of the PDCP split is lack of segmentation support which may lead to higher packet delays if the radio link qualities are unequal. On the other hand, in such case the gains of multiflow are in general lower.

In RLC layer segmentation is however supported and it would be therefore possible to optimize the RLC segment sizes based on link qualities. As a drawback RLC segmentation leads to higher overheads and ciphering effort. Also the traffic pattern has large impact on how beneficial it is to use RLC segmentation for the packet delay optimization. 
Data split in MAC-ehs would be very similar to DC-HSDPA operation and therefore would require relatively small modifications to the existing architecture. Furthermore, split in MAC-ehs would enable joint scheduling leading to higher scheduling gains.

Also the possibility to have separate solutions for inter-site and intra-site may needsto be considered.

4
Simulation model

Two scenarios for Multiflow have been modelled; intra Node B site (i.e. Multiflow only performed between sectors of the same Node B) or intersite (i.e. Multiflow performed between any 2 sectors). The maximum number of sectors from which a UE can be scheduled has been restricted to 2. For the inter-site case, flow control is assumed to be perfect.

Two types of UE receiver have been considered; type 3 and type 3i. In each case, all UEs in the system, including those participating in Multiflow and those that are not doing are assumed to use the same type of receiver.

Further simulation assumptions are given in the table below:

Table 1: System Simulation Assumptions for MP-HSDPA
	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
	20 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 

	Antenna pattern
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	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

	Channel Model
	PA3

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
	6

	Maximum active set size
	3

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

	multipoint transmission scheme
	single carrier aggregation

	DL Scheduling
	· Intra-NodeB aggregation, the scheduler at each cell is independent without any information exchange. 

· Inter-NodeB aggregation, the scheduler at each cell is independent without any information exchange. 

	Number of MAC-ehs entities
	· Intra-NB, there are two MAC-ehs entities at the UE, one for each cell 
· Inter-NB, there are two MAC-ehs entities at the UE, one for each cell

	RLC layer modeling
	(1) Ideal

	Iub Flow control modeling
	(1) Ideal 

	HS-DPCCH Decoding
	(1) Ideal 

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

Percentage of MP-HSDPA capable Ues : 100% 

	Legacy UE capabilities
	not simulated

	UE distribution 
	UEs are evenly 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 
	(1) Ideal


5
Simulation results
type 3 receivers

Figure 1 to Figure 3 show results at a load of 1Mbps for the intra site case with a type 3 receiver. Figure 1 shows cdfs of UE throughput for all UEs in the system. It can be observed that the use of Multiflow does not impact the overall thoughput cdf. Figure 2 shows throughput for softer handover users, which are able to utilise Multiflow. For these users, throughput is increased by around 20% in a PedA channel, but only a few percent inVehA. Figure 3 shows the mean gain for softer handover users of intrasite Multiflow for a type 3 receiver at several load levels.
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Figure 1: Multiflow and single cell operation cdfs for all UEs @ 1Mbps load
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Figure 2: Multiflow and single cell cdfs for softer HO UEs @ 1Mbps load
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Figure 3: Multiflow gain for softer and soft HO UEs over single cell operation at various load points. SHO users are not affected by an intra-site scheme. The gains of multiflow are decreasing for the VehA channel due to the unchallenged increased interference.

Figure 4 to Figure 6 show results for inter-site Multiflow for type 3 receivers. In the intersite case, both soft and softer handover users are able to utilise Multiflow. For the case of 1Mbps offered load a gain of 10% and 20% for the burst rate of the softer and soft handover users respectively is achieved in PedA, with much lower gains inVehA. As can be seen from the overall burst rate cdf those gains are in part realized on the expense of other users with the deployed scheduling solution.
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Figure 4: Multiflow and single cell operation cdfs for all UEs @ 1Mbps load
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Figure 5: Multiflow and single cell cdfs for softer HO UEs @ 1Mbps load

[image: image12.png]inter-site multiflow, type 3 receiver, PedA

SofterHO UEs burst rate gain [%]
— N w i o [e2] ~
o o (=) (=) o o (=) (=]

L
o
T

o

0.5

1
offered load [Mbps]

1.5



[image: image13.png]n w B (%3] [o23 ~
[=) o o o [=) o

—_
o

SHO UEs burst rate gain [%]

-10

inter-site multiflow, type 3 receiver, PedA

0.5 1 1.5
offered load [Mbps]





[image: image14.png]inter-site multiflow, type 3 receiver, VehA

SofterHO UEs burst rate gain [%]
— N w i o [e2] ~
o o (=) (=) o o (=) (=]

L
o
T

o

0.5 1 1.5
offered load [Mbps]




[image: image15.png]n w B (%3] [o23 ~
[=) o o o [=) o

—_
o

SHO UEs burst rate gain [%]

-10

inter-site multiflow, type 3 receiver, VehA

0.5 1 1.5
offered load [Mbps]





Figure 6: Multiflow gain for softer and soft HO UEs over single cell operation at various load points

type 3i receivers

Figures 7 to 9 show results for intra-site Multiflow with a type 3i receiver. The overall cell throughput cdf is unaffected. However the gains for softer handover users increase to around 40% in both channel types.
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Figure 7: Multiflow and single cell operation cdfs for all UEs @ 1Mbps load
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Figure 8: Multiflow and single cell cdfs for softer HO UEs @ 1Mbps load
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Figure 9: Multiflow gain for softer and soft HO UEs over single cell operation at various load points. For type3i receivers the system capacity is somewhat higher compared to type 3 receivers.

Figure 10 to Figure 12 show results for inter-site Multiflow with a type 3i receiver. Gains of 50% for softer and 40% for soft handover users are observed. The strong gains materialize as the impact of interference for simultaneous transmissions to one UE can be mitigated. 
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Figure 10: Multiflow and single cell operation cdfs for all UEs @ 1Mbps load
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Figure 11: Multiflow and single cell cdfs for softer HO UEs @ 1Mbps load

[image: image26.png]inter-site multiflow, type 3i receiver, PedA

SofterHO UEs burst rate gain [%]
— n w i [$)] [o2]
o o (=) (=) o o (=)

L
o
T

o

0.5

1
offered load [Mbps]

1.5




[image: image27.png]n w B (%3] [o23 ~
[=) o o o [=) o

—_
o

SHO UEs burst rate gain [%]

-10

inter-site multiflow, type 3i receiver, PedA

0.5

1
offered load [Mbps]

1.5





[image: image28.png]inter-site multiflow, type 3i receiver, VehA

SofterHO UEs burst rate gain [%]
— N w i o [e2] ~
o o (=) (=) o o (=) (=]

L
o
T

o

0.5

1
offered load [Mbps]

1.5




[image: image29.png]n w B (%3]
[=) o o o

—_
o

SHO UEs burst rate gain [%]

-10

inter-site multiflow, type 3i receiver, VehA

0.5

1
offered load [Mbps]

1.5





Figure 12: Multiflow gain for softer and soft HO UEs over single cell operation at various load points

6
Conclusions

The data split architecture has impacts both on the performance and complexity of HSDPA multiflow concept. The concept creation and performance evaluations should not be limited to any of the data split options until the benefits and drawbacks are thoroughly understood and agreed upon.

Multiflow can achieve gains of around 0-15% where type 3 receivers are used and around 40% where type 3i receivers are used. The gain with type 3 receivers is presumably due to increased macrodiversity and looks lower in channels with more multipath.
Compared with HS-SFN, multiflow gains are a little lower considering type 3 receivers and higher with type 3i receivers (see ‎[7]). However it is interesting to note that the shape of the cdfs differs between multiflow and HS-SFN. HS-SFN gains are observed mainly for low throughput users, with lower gains for high throughput users. On the other hand, multiflow gains are lower for low throughput users and higher for high throughput users. The reason for the higher gains of multiflow at high SINR is that it is inherently a dual stream transmission, whereas HS-SFN is single stream.
Presented results make idealistic assumptions on inter-site channel behaviour and should be refined further in the future.
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