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1
Introduction

Single frequency dual carrier HSDPA, the capability allowing two or more cells to independently and concurrently schedule transmissions to to a terminal,  has been studied in some depth by some companies, e.g. [1], [2]. 

In this contribution we firstly aim to confirm that the gains of SFDC are not substantially diluted with larger inter-site spacing values, specifically the 1.732 km case which is representative of many current 3G deployments.

Secondly, we suggest that the SFDC study should include the case with scheduler co-ordination whereby the NodeB schedulers can share information pertaining to UEs that are in simultaneous communication with them. 
Finally, it would worth exploring SFDC performance in the context of three emerging trends in wireless networks (a)   centralized base band processing and scheduling architectures, (b) data offload via embedded small cells, and (c)  interference cancellation capabilities in terminal receivers.

2
Overview

In SFDC, flows or streams can be sent to a UE concurrently from multiple cells on their respective traffic channels. Each of these streams consists of independent data that are the result of separating the data destined for the UE above the physical layer at some location in the network. The UE reconstitutes the data by correctly ordering/sequencing the packets received on the multiple links.

SFDC is the transmission of independent data streams from two or more cells to a user. In the current study, both collocated and non-collocated cells have been considered, with a limitation of 2 cells in the multi-streaming set. SFDC may be operated in various modes, with different amounts of scheduler co-ordination and information sharing, centralized or distributed architectures, and with UEs that are capable of either interference suppression or cancellation. 

Viewed from the perspective of an edge-of-cell user, the zeroth order case for SFDC is simply an N -old power gain when the user is allowed to concurrently receive data from N cells.

It is also possible to view multi-streaming from the angle of providing multi-server diversity gain. In this mode of operation, each of the scheduling cells is assumed to have channel quality feedback for all of the links being used for communication to the UE in question, and the UE is considered for scheduling at a particular cell only when its channel quality at that cell is greater than any of other others. The UE is assumed to report the CQIs of both cells, and this feedback may either be decoded independently at each serving cell or be decoded at one cell and shared with the other via network interfaces (or internally if the cells are controlled by the same NodeB). 
The latter method defaults to fast cell selection, which can be is a useful characteristic of SFDC.  For example, a selection diversity gain of around 1.6 dB can be obtained when both cells are received with roughly the same power at the UE.

SFDC can also be viewed as a soft load balancing technique. An immediate implication is that the fraction of total user throughput that is delivered through each cell is a controllable parameter that offers an additional level of operational flexibility to network operators.

Further use can be made of SFDC in the case where UEs are capable of successive interference cancellation, as will be discussed in a later section.

3
Simulation Results
In these confirmatory results, we characterize performance in a simplified air-interface setting, focusing on extending the cell radius and evaluating the performance of multi-streaming in the context of a larger (seven cell) multi-streaming set. This cell layout in shown in Figure 1.
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In Figure 2, the improvements in user burst rates are shown for the users that can be multi-streamed.

Figure 2:
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User Burst Rate CDFs of multi-streamable users for a 1.7332 km ISD.
The CDFs are for 5 users in each sector, center sedtor + s adjacent sedtors.
The resource utilization is in low range.
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User Burst Rate CDFs of multi-streamable users for a 1.7332 km ISD.
The CDFs are for s users in each sector, center sedtor + s adjacent sedtors.
The resource utilization is in medium-high range.
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We observe (as expected), that the gain due to multi-streaming decreases with increasing resource utilization.

4
Further Extensions
For load balancing, the basic requirement is for each scheduler to be aware of the served throughput to the user from the other. Throughput information can be shared over the network interfaces or directly over the air by the UE. 

Operator policy, flow characteristics (when there are multiple application layer flows per UE), and subscriber priority can all factor into the nature of re-balancing that is undertaken across these cells based on such throughput information.

Throughput sharing can also be used in uniform loading scenarios, to transfer back throughput from the edge of cell users to near-in users (that may not be in SFDC). 

In the above discussions, we do not assume the use of a UE SIC receiver that would decode the data from one sector after reconstructing and subtracting off the decoded data from the other. In this case, assuming perfect cancellation, we achieve the capacity of the channel. In the 2x1 case, it is also known that Alamouti coding achieves channel capacity and so the performance of multi-streaming with SIC and Alamouti are equivalent. The main difference is that multi-streaming permits an architecture where the two sectors are not required to transmit the same information bits and without the same level of synchronization.  With more than two base stations in the multi-streaming set, MMSE-SIC will be optimal since any form of transmit diversity will suffer a rate loss.

5
Conclusions

In this contribution we show the gain of SFDC with 1.732 km ISD for different levels of loading. 

The value of SFDC as a technique for enhancing edge of cell performance is clear.  The specific mechanisms chosen to enable SFDC should preserve flexibility in the way the scheme can be used, allowing it to default to fast sector switching as well as allowing it to be used for operator controlled load balancing.
Furthermore, it would be useful to consider extensions to SFDC in response to emerging trends in network and UE evolution.
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