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1 Introduction

In RAN #66 a new Work Item entitled “Multiflow enhancements for UTRA” was approved [1]. The current standard allows the following scenarios for Multiflow HSDPA: two cells on one frequency (SF-DC), three cells on two frequencies (DF-3C), four cells on two frequencies (DF-4C). In Rel-13 it has been proposed to introduce a new Multiflow scenario consisting of four cells on three frequencies (3F-4C).
This contribution is intended to discuss the potential Multiflow configurations derived from scenarios with four cells on three frequencies (3F-4C), which from a RAN1 perspective are kept aligned with the WID on Multiflow enhancements for UTRA.
2 Multiflow HSDPA
According to 3GPP specifications for Multiflow HSDPA [2], the serving HS-DSCH cell and the assisting serving HS-DSCH cell shall have the same carrier frequency, and the secondary serving HS-DSCH cell and the assisting secondary serving HS-DSCH cell shall have the same carrier frequency. Important definitions for Multiflow are listed below:

Multiflow mode: The UE is configured in Multiflow mode when it is configured with assisting serving HS-DSCH cell.
Assisting serving HS-DSCH Cell: In addition to the serving HS-DSCH cell, a cell in the same frequency, where the UE is configured to simultaneously monitor a HS-SCCH set and receive HS-DSCH if it is scheduled in that cell.

Assisting secondary serving HS-DSCH Cell: In addition to the serving HS-DSCH cell, a cell in the secondary downlink frequency, where the UE is configured to simultaneously monitor a HS-SCCH set and receive HS-DSCH if it is scheduled in that cell.
Cell group: A group of (one or two) Multiflow mode cells that have the same CPICH timing. The CQI reports for all the cells in a cell group are reported together in the same sub frame. The cells that belong to a cell group are indicated by higher layers.

Making use of the above definitions, Table 1 shows an example of the Physical Channel mapping for HS-DPCCH HARQ-ACK and CQI when the UE is configured with two serving and two assisting serving HS-DSCH cells.
Table 1 The UE is configured with two serving and two assisting serving HS-DSCH cells and no cells are in MIMO mode.
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Cell activation status

HS-DPCCH subframe #1

HS-DPCCH subframe #2

case |Cell group 1|Cell group 2 Slot 0 Slot 1 Slot 2 Slot 0 Slot 1 Slot 2
Cell0 | Celll |Cell2 | Cell3

11 A A A A | ADSAT | A28A3 cQio CQlT___|ADBAT[A28A3]  CQI2 cai3

12 | A A A —_ [ AOBAT | A28D cQlo CQll___|A0BAT[A28D| _ Cai2 carR

13 | A N A A | A0BD | A28A3 caln cQlo A0&D [A28A3] __CQI2 cai3

4 | A - A - | AoaD | A28D calo calo AOD[A28D[ _cai2 cai2





In Table 1 cell 0 refers to the serving HS-DSCH cell, cell 1 refers to the secondary serving HS-DSCH cell, cell 2 refers to the assisting serving HS-DSCH cell and cell 3 refers to the assisting secondary serving HS-DSCH cell.
Along with existing definitions of serving HS-DSCH cell, secondary serving HS-DSCH cell, assisting serving HS-DSCH cell, and assisting secondary serving HS-DSCH cell, the above table also contains (i.e., implicitly) the allowed configurations for DF-4C which for illustration purposes are depicted in Figure 1.
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Figure 1: Multiflow configuration for DF-4C, a) All cells active, b) Assisting secondary serving HS-DSCH cell deactivated, c) Secondary serving HS-DSCH cell deactivated, d) secondary and assisting secondary serving HS-DSCH cells deactivated
The figure above shows the available Multiflow configurations for DF-4C according to the existing definitions in the standard, where in short the Serving HS-DSCH cell and the Assisting Serving HS-DSCH cell shall have the same carrier frequency (f1), and correspondingly the Secondary Serving HS-DSCH cell and the Assisting Secondary Serving HS-DSCH cell shall have the same carrier frequency (f2). Another important property is that the Serving HS-DSCH cell and the Secondary Serving HS-DSCH cell belong to same cell group (i.e., Cell group 1), while the Assisting Secondary Serving HS-DSCH cell, and the Secondary Assisting Serving HS-DSCH cell belong together to a different cell group (i.e., Cell group 2). The above set of properties define the allowed configurations for DF-4C, which are equally applicable when at least one cell is configured in MIMO mode (see [3]).
3 Multiflow enhancements in Rel-13
The Work Item entitled Multiflow enhancements for UTRA refers that until now 3GPP has adopted the following scenarios: two cells on one frequency (SF-DC), three cells on two frequencies (DF-3C), four cells on two frequencies (DF-4C), and also mentions as part of its justification that “the aforementioned scenarios cater for one or two frequencies, whereas some operators have up to three frequencies (either in the same of different bands). Thus, it becomes a logical extension to consider further Multiflow scenarios for such deployment cases”.

Based on the above, in the Multiflow enhancements for Rel-13 it has been proposed to introduce a new Multiflow scenario consisting of four cells on three frequencies (3F-4C), which shall take into consideration the following general objectives:

· The three frequencies can be distributed on up to two frequency bands 

· Reuse as much as possible existing L1 functionality (specified by RAN WG1) by adopting existing principles and channel formats.

· Reuse as much as possible existing L2/L3 functionality (specified by RAN WG2) by adopting existing signalling.

· No or limited impact to RAN WG3.

· This feature will reuse the existing band combinations defined for dual band 4C-HSDPA configurations

In particular, the second point results to be relevant for the TSG RAN WG1 and is under its responsibility. Therefore, in this section we describe the potential Multiflow configurations derived from scenarios with four cells on three frequencies (3F-4C) that are aligned with the general objectives (from a RAN1 perspective) of the SID in “Multiflow enhancements for UTRA”, which for illustration purposes are depicted in Figure 2.
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Figure 2: Potential Multiflow configurations derived from scenarios with four cells on three frequencies (3F-4C)
The Multiflow configurations shown in the figure above can be summarized as follows: a) All cells active (three frequencies available but only f1 and f2 in use), a1) All cells active (three frequencies available but only f1 and f3 in use), a2) All cells active (three frequencies available with  f1, f2 (Cell3),  and f3 (Cell1) in use), a3) All cells active (three frequencies available with  f1, f2 (Cell1),  and f3 (Cell3) in use), b) Assisting secondary serving HS-DSCH cell deactivated (three frequencies available but only f1 and f2 (Cell1) in use), b1) Assisting secondary serving HS-DSCH cell deactivated (three frequencies available but only f1 and f3 (Cell1) in use), c) Secondary serving HS-DSCH cell deactivated (three frequencies available but only f1 and f2 (Cell3) in use) ), c1) Secondary serving HS-DSCH cell deactivated (three frequencies available but only f1 and f3 (Cell3) in use) d) secondary and assisting secondary serving HS-DSCH cells deactivated.

All the Multiflow configurations derived from scenarios with 3F-4C described in this section do not require redefinitions of the cell group concept, neither a new Physical Channel mapping for HS-DPCCH HARQ-ACK and CQI when the UE is configured with two serving and two assisting serving HS-DSCH cells (including both MIMO and non MIMO mode), and therefore are aligned with the second objective of the SID “Reuse as much as possible existing L1 functionality (specified by RAN WG1) by adopting existing principles and channel formats”.

In general the 3GPP specifications under the responsibility of the TSG RAN WG1 do not deal with carrier frequency definitions, and therefore if the existing L1 functionality is reused as much as possible by adopting existing principles and channel formats, then most likely the introduction of four cells on three frequencies (3F-4C) for the Multiflow operation will only require the addition of small notes/clarifications in the RAN 1 specs.
Proposal1: Kindly ask the TSG WG1 if we share the same view regarding the potential 3F-4C Multiflow configurations described in this paper which reuse as much as possible the existing L1 functionality.

Proposal 2: Kindly ask the TSG WG1 if we should select only a subset of configurations among the potential 3F-4C Multiflow configurations that are described in this paper, which reuse as much as possible the existing L1 functionality.
4 Conclusions 

This contribution analyses the potentially new Multiflow configurations derived from scenarios with four cells on three frequencies (3F-4C) that keep aligned with the SID, which are summarized below:
· All cells active (three frequencies available but only f1 (Cell 0 & Cell 1) and f2 (Cell 2 & Cell 3) in use)
· All cells active (three frequencies available but only f1 (Cell 0 & Cell 1) and f3 (Cell 2 & Cell 3) in use), 
· All cells active (three frequencies available with  f1, f2 (Cell3),  and f3 (Cell1) in use)
· All cells active (three frequencies available with  f1, f2 (Cell1),  and f3 (Cell3) in use)
· Assisting secondary serving HS-DSCH cell deactivated (three frequencies available but only f1 and f2 (Cell1) in use)
· Assisting secondary serving HS-DSCH cell deactivated (three frequencies available but only f1 and f3 (Cell1) in use)
· Secondary serving HS-DSCH cell deactivated (three frequencies available but only f1 and f2 (Cell3) in use) )
· Secondary serving HS-DSCH cell deactivated (three frequencies available but only f1 and f3 (Cell3) in use)
· Secondary and assisting secondary serving HS-DSCH cells deactivated
All the above 3F-4C Multiflow configurations do not require redefinitions of the cell group concept, neither a new Physical Channel mapping for HS-DPCCH HARQ-ACK and CQI when the UE is configured with two serving and two assisting serving HS-DSCH cells (including both MIMO and non MIMO mode), and therefore are aligned with the second objective of the SID “Reuse as much as possible existing L1 functionality (specified by RAN WG1) by adopting existing principles and channel formats”.

Proposal1: Kindly ask the TSG WG1 if we share the same view regarding the potential 3F-4C Multiflow configurations described in this paper which reuse as much as possible the existing L1 functionality.
Proposal 2: Kindly ask the TSG WG1 if we should select only a subset of configurations among the potential 3F-4C Multiflow configurations that are described in this paper, which reuse as much as possible the existing L1 functionality.
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� Cell 0 refers to the serving HS-DSCH cell, cell 1 refers to the secondary serving HS-DSCH cell, cell 2 refers to the assisting serving HS-DSCH cell and cell 3 refers to the assisting secondary serving HS-DSCH cell
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