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1  Introduction
Based on the MF-HSDPAWID [1], multiple configurations may be allowed, e.g. SF-DC, DF-DC/3C/4C, TF-3C/4C, 4F-4C (following a terminology commonly used so far, where “F” and “C” stand for Frequency and Cell, respectively).
As per latest RAN agreements (as captured in the MF-HSDPA Status Report [2]), RAN1 agreed to include/allow SF-DC and DF-4C scenarios, whilst RAN2 has agreed to allow also a specific DF-3C configuration, i.e., the combination of SF-DC and DC-HSDPA.

This paper proposes few other MF-HSDPA configurations that are considered beneficial and logical to have.
2 Discussion
2.1 Multi-point/flow configurations

Based on target scenarios defined in the WID [1], and assuming the constraint of a UE receiving simultaneous HS-DSCH data on any given frequency from up to two cells, the following HSDPA multi-point configurations could be defined in Rel-11:

· Single-Frequency Dual-Cell HSDPA Aggregation (SF-DC Aggregation): two sectors schedule independent transport blocks to the UE (in the same TTI) in the same frequency; 

· Dual-Frequency Dual-Cell HSDPA Aggregation (DF-DC Aggregation): two sectors schedule independent transport blocks to the UE (in the same TTI) on two frequencies;

· Dual-Frequency 3-Cell HSDPA Aggregation (DF-3C Aggregation): three sectors schedule independent transport blocks to the UE (in the same TTI) on two frequencies;

· Dual-Frequency 4-Cell HSDPA Aggregation (DF-4C Aggregation): four sectors schedule four independent transport blocks to the UE (in the same TTI) on two frequencies; 

· Triple-Frequency 3-Cell HSDPA Aggregation (TF-3C Aggregation): three sectors schedule independent transport blocks to the UE (in the same TTI) on three frequencies;

· Triple-Frequency 4-Cell HSDPA Aggregation (TF-4C Aggregation): four sectors schedule independent transport blocks to the UE (in the same TTI) on three frequencies; 

· Quad-Frequency 4-Cell HSDPA Aggregation (QF-4C Aggregation): four sectors schedule independent transport blocks to the UE (in the same TTI) on four frequencies.
The abbreviations used above have the following meaning: 

· - ‘SF’, ‘DF’, ‘TF’ or ‘QF’ refer to the number of frequencies used; 

· - ‘DC’, ‘3C’ or ‘4C’ refer to the number of cells/sectors, which may reside in the same or different NodeBs.
2.2 On the benefits of DF-DC

One of the missing configurations, among those agreed so far from RAN1 and RAN2, which is considered quite beneficial is DF-DC, i.e. the possibility to transmit/receive HSDPA flows over two cells belonging to two different frequencies (that could be either intra or inter NodeB). Some of the main motivations and expected benefits of DF-DC are listed below.
· It allows single-rx UEs (i.e. without Type3i interference suppression capabilities) to benefit from Multi-flow HSDPA;
· Contrary to SF-DC, DF-DC can be combined with MIMO operation (thus allowing better performance);
· No significant impacts are expected compared to DC-HSDPA or DB-DC-HSDPA UEs , neither signalling nor implementation wise;
· Once DF-3C and/or DF-4C are allowed, DF-DC would be a simple sub-set of those configurations. Nevertheless it would still be better to define/allow DF-DC as stand-alone configuration/capability; in such case, some UEs may be able to exploit the DF-DC operation and performance benefits, without necessarily supporting DF-3C/4C.
Two examples of DF-DC applicability scenarios are shown in the following figures.
1) Hetnet (Macro/Pico) – Blanket F1/F2 
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Fig.1 Hetnet (Macro/Pico) – Blanket F1/F2

Main assumptions are:

· Macro Tx power can be reduced on one carrier (F2 in this example) to achieve better macro(pico load balancing (increase system capacity); 

· When approaching the pico coverage, the network may re-configure the UE from A) DC-HSDPA to B)  DF-DC, with the UE served by macro F1 and pico F2.
2) Blanket F1 & Hot-Spot F1/F2 (Macro-only or Hetnet) 
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Fig.2 Blanket F1 & Hot-Spot F1/F2 (Macro-only or Hetnet)

Main assumptions are:

· F1 deployed everywhere, F2 additionally deployed in hot-spots. Hot-spot F2 signal has no inter-cell interference thus larger coverage/quality than F1;
· When leaving the hotspot area, the network may re-configure the UE from A) DC to B)  DF-DC.
2.3 Other DF-3C configurations

So far, the DF-3C configuration consisting in the combination of SF-DC and DC-HSDPA is agreed to be allowed. Based on illustrations used during RAN1 discussions on multi-flow configurations ([3]), the following examples show few cases of such DF-3C scenarios.
	Intra-NodeB 
SF-DC and DC-HSDPA
	  [image: image5.png]f1+f,

f1



                           [image: image6.png]




	Inter-NodeB 
SF-DC and DC-HSDPA
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Fig.3 Examples of SF-DC and DC-HSDPA (DF-3C) configurations
Those scenarios are not the only way to achieve a DF-3C type of multiflow operation. In particular the following example shows a configuration that could be as suitable as the combination of SF-DC and DC-HSDPA. 
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Fig.4 Example of DF-3C configuration (SF-DC and DF-DC) 
Such configuration is basically a combination of Intra-NodeB SF-DC and Inter-NodeB DF-DC operation. Similarly, another possible scenario could be using F1 and F2 from NodeB1 (different sectors) and F1 from NodeB2, i.e. a combination of Inter-NodeB SF-DC + Intra-NodeB DF-DC.
3 Conclusions and Proposals
Based on the above discussions, the following proposals are made to RAN2:
Proposal 1 – Allow DF-DC as stand-alone MF-HSDPA configuration, including a separate UE capability.
Proposal 2 – Allow support of other DF-3C configurations, in addition to the combination of SF-DC and DC-HSDPA
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