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Discussion and Decision
1. Introduction
The RAN#53 plenary meeting has approved a work item on the Multiflow transmission schemes for the HSDPA networks  [1]. 

In contributions [2] and [3] we proposed to re-use the existing uplink HS-DPCCH formats for reporting the Channel Quality Indicator  (CQI), used with the Multicarrier feature. Contribution [3] states that only minor editing of TS 25.212  (section 4.7, summarized in table 15C.4 “The CQI and PCI/CQI mapping scenarios”) would be necessary.  
In this contribution we are detailing design rules for the UL control for Multiflow that allow using the same TTI-format for SF-DC and DF-4C and their variants while still allowing for dynamic cell activation/deactivation. Two alternative proposals are presented, one based current higher layer signalling, and one assuming that additional information of CQI-nodeB mapping is provided by RNC. The proposals are based on the assumption of a single composite HS-DPCCH channel. 
2. Proposals for the CQI reporting 
The current multicarrier CQI reporting scheme assumes that the primary serving cell CQI is put as CQI0 in the table 15C.4. The rest of the CQIs, considering secondary cells (CQI1 through CQI3) are reported in the order they have been configured by RRC. 

Proposal 1:  We propose to apply the same two rules of multicarrier configurations for Multiflow – primary serving cell is CQI0 according to TS25.212, and the other cells are reported in the order defined for 4C-HSDPA
2.1 Alternative A: CQI configuration without cell to nodeB mapping

It seems natural to take as a starting point for the design of CQI formats those of multicarrier HSDPA. Then, the cells of the assisting nodeB could be treated as secondary cells, where however two limiting requirements need to be considered:

1. Unlike in multicarrier HSDPA where the cell-deactivation and the entailing format changes are inherently clear to the nodeB, coordination is required for inter-nodeB Multiflow, or even better format changes are to be avoided. Note that the topic of carrier deactivation was already touched upon in the context of HS-SCCH orders [5]. Possible solutions for this problem of de-activation of cells in Multiflow are listed further below.

2. In Multiflow deactivating all HS-DSCH cells of the assisting nodeB would be technically possible, in case the active set of the assisting nodeB is maintained nevertheless. Maintaining the active set is mandatory, as the UL PC information is carried on the F-DPCH on the primary frequency.
Proposal 2: Discuss whether a configuration with no configured or activated cell of an assisting nodeB is allowed

In order to at least partly address the first requirement of changing CQI formats we propose to use the 4-cell CQI format in Multiflow even for dual cell aggregation (SF-DC). Then, for a DF-4C cells the starting point would be the CQI formats of cases 13-16 in table 15C.4

Table 1: Excerpt from 25.212 table 15C.4:

	Case
	Secondary_
Cell_
Enabled
	MIMO configured in any cell
	HS-DPCCH slot format
	Secondary_
Cell_
Active
	CQI 1 or PCI/CQI 1 Type A/B
	CQI 2 or PCI/CQI 2
Type A/B
	CQI 1 or PCI/CQI 1
Type A/B
	CQI 2 or PCI/CQI 2
Type A/B

	13
	3

Note 2
	No
	1
	3
	CQI0
	CQI2
	CQI1
	CQI3

	14
	
	
	
	2
	CQI0

	CQI2
Note 3
	CQI1
Note 3
	CQI3
Note 3

	15
	
	
	
	1
	CQI0
	CQI0
	CQIn
Note 4
	CQIn
Note 4

	16
	
	
	
	0
	CQI0
	CQI0
	Not applicable


Note 2:
The CQI0 and PCI/CQI0 refer to the serving HS-DSCH cell’s CQI and PCI/CQI reports respectively, the CQIn and PCI/CQIn refer to the nth secondary serving HS-DSCH cell’s reports.

Note 3:
The deactivated secondary cell’s CQI or PCI/CQI is not transmitted (DTX’d).

Note 4:
The CQI or the PCI/CQI of the single active secondary cell is transmitted.

Above table illustrates the problem that when deactivating two cells as in case 15, the position of the remaining CQI (e.g.  the cell on the primary carrier of the assisting nodeB) may change, as would the transmit powers of both cells’ CQIs. This is not a viable option for inter-site Multiflow, where dynamic coordination is not available. The same situation for the CQIs is obtained by deactivating three cells, which would be something of an oddity for Multiflow, but not entirely impossible.
Following solutions present themselves:

A) A new CQI format is introduced, such that CQIs retain their position, and the CQIs of deactivated cells are DTX’d, just as in case 14, only now for two cells. 

B) Dynamic cell de-activation is disabled, and the network may adopt CQI formats based on explicit configuration of SF-DC or DF-4C or their variants. 
C) Deactivation is limited to either the assisted or assisting nodeB, such that case 15 is prohibited. This could be done by telling either of the nodeBs the maximum amount of cells it can deactivate.
Note that solutions B) and C) are rather analogous to above mentioned discussion on HS-SCCH orders [5]. Also preconfigured Multiflow modes and cell activation coordination e.g. via RNC as proposed in [6] effectively mean a solution as in B).
Among those three options solution A) stands out in that it would provide a unified format for both, SF-DC and DF-4C, based on the quad-carrier CQI formats, with only a minor extension to the dual-cell case 15, while at the same time avoiding RRC signalling or other cell-deactivation coordination.
Table 2: CQI formats for SF-DC and DF-4C, when no CQI-nodeB mapping is provided
	Case
	Secondary_
Cell_
Enabled
	MIMO configured in any cell
	HS-DPCCH slot format
	Secondary_
Cell_
Active
	CQI 1 or PCI/CQI 1 Type A/B
	CQI 2 or PCI/CQI 2
Type A/B
	CQI 1 or PCI/CQI 1
Type A/B
	CQI 2 or PCI/CQI 2
Type A/B

	13
	3

Note 2
	No
	1
	3
	CQI0
	CQI2
	CQI1
	CQI3

	14
	
	
	
	2
	CQI0

	CQI2
Note 3
	CQI1
Note 3
	CQI3
Note 3

	15_new
	
	
	
	1
	CQI0
	CQI2
Note 3
	CQI1
Note 3
	CQI3
Note 3

	16_new
	
	
	
	0
	CQI0
	DTx
	DTx
	DTx


Note 2:
The CQI0 and PCI/CQI0 refer to the serving HS-DSCH cell’s CQI and PCI/CQI reports respectively, the CQIn and PCI/CQIn refer to the nth secondary serving HS-DSCH cell’s reports.

Note 3:
The deactivated secondary cell’s CQI or PCI/CQI is not transmitted (DTX’d).

Proposal 3: In the case CQIs are not grouped according to nodeBs, 4-carrier CQI formats are used. In case of cell-deactivation the CQI position is kept and the CQI is DTx’d as shown in table 2. 
Above proposal is based on the assumption that no changes are done to the way link configurations are communicated by the RRC, and mapped to CQI configurations.
2.2 Alternative B: Configurations when providing cell to nodeB mapping side information

As it seems natural to apply the multicarrier CQI format to Multiflow, it also seems natural to group the CQIs of cells according to how they belong to nodeBs. To do so, the link configuration by RNC to UE would need to contain a field telling which nodeB the link is going to. Then the UE would be able to place the CQIs of the assisted nodeB into the first TTI, and those of the assisting  nodeB into the second. This would enable the nodeBs ignore the other TTI, and apply CQI formats as they are known for DC HSDPA in each TTI, in case of DF-4C as well as SF-DC which would be treated as single carrier in each nodeB.

2.2.1MF CQI based on DC CQI formats 
A result the table of possible Multiflow CQI formats may look as follows where we are showing only the first TTI of CQI reports, while the second TTI belong to the other nodeB would look similar.
Table 3: possibility for CQI configuration when grouping CQIs belonging to one nodeB in one TTI

	Similar to 

Case
	Secondary_
Cell_
Enabled

nodeB 1
	MIMO configured in any cell
	HS-DPCCH slot format
	Secondary_
Cell_
Active
	CQI or PCI/CQI report

nodeB 1

	
	CQI or 
PCI/CQI Type A/B

	1
	0
SF-DC or DF-3C
	No
	0
	0
	CQI

	2
	
	Yes
	0
	0
	PCI/CQI

	3
	1
DF-3C or DF-4C
	No
	0
	1
	CQI0 & CQI1


	4
	
	
	
	0
	CQI0

	18
	
	Yes, Note 1

	1
	1
	PCI/CQI0
	PCI/CQI1

	19
	
	
	
	0
	PCI/CQI0
	PCI/CQI0


Note 1: If the UE is configured in MIMO mode in at least one cell, but not in all cells, a CQI value is reported instead of PCI/CQI value for the non-MIMO cell(s).
Example: an DF-4C configuration without MIMO may look as

	nodeB 1
	nodeB 2 (assisting)

	CQI0 & CQI1

	CQI2 & CQI3



With MIMO enabled in cell 2 of nodeB2 this example turns into

	nodeB 1
	nodeB 2 (assisting)

	CQI0 & CQI1

	PCI/CQI2 
	CQI3


2.2.2 MF CQI based on 4-cell CQI formats  
We feel that a more harmonized approach would consider the 4C formats, with the same approach of grouping the CQIs of cells belonging to the same nodeB. This would yield the following table

Table 4: proposed CQI format when grouping CQIs belonging to one nodeB in one TTI

	Similar to Case
	Secondary_
Cell_
Enabled

nodeB 1
	MIMO configured in any cell
	HS-DPCCH slot format
	Secondary_
Cell_
Active
	nodeB 1

	
	
	
	
	
	CQI 1 or PCI/CQI 1 Type A/B
	CQI 2 or PCI/CQI 2
Type A/B

	18
	1


	Note 1


	1
	1 

DF-3C or

 DF-4C
	PCI/CQI0
	PCI/CQI1

	19
	
	
	
	0 

SF-DC or DF-3C
	PCI/CQI0

	PCI/CQI0



Note that above table resembles to table 2, with the difference that here we can enable repetition instead of  DTXing, and have performed a CQI grouping according to nodeBs. Using repetition, which enables higher link budget for the report, is the main advantage of this format.
Then an SF-DC setup for instance could be reported as 

	nodeB 1
	nodeB 2 (assisting)

	CQI0  
	CQI0
	CQI1
	CQI1


Or an DF-3C with MIMO in nodeB 1 as

	nodeB 1
	nodeB 2 (assisting)

	PCI/CQI0  
	PCI/CQI0
	CQI1
	CQI2


Further, it may be technically possible to have no HS-DSCH cell configured in an assisting nodeB, even though the nodeB is in the active set. In that case we propose to DTx the CQIs of that nodeB.

Proposal 4: The RNC provides the UE with information of which CQI belongs to which nodeB 
Proposal 5: When the UE has been provided by RNC with CQI-nodeB mapping, it shall group the CQIs of one nodeB adjacent to each other. 
Proposal 6: The format for grouped CQIs shall follow Table 4 above, that is shall follow 4-carrier formats for a single nodeB In case of cell deactivation the slot can be used for repetition of CQIs belonging to the same nodeB
4. Conclusions
In this contribution the following proposals are made:
Proposal 1:  Apply the same two rules of multicarrier configurations for Multiflow – primary serving cell is CQI0 according to TS25.212, and the other cells are reported in the order defined for 4C-HSDPA

Proposal 2: Discuss whether a configuration with no configured or activated cell of an assisting nodeB is allowed
Proposal 3 (alternative A): In the case CQIs are not grouped according to nodeBs, 4-carrier CQI formats are used. In case of cell-deactivation the CQI position is kept and the CQI is DTx’d as shown in table 2. 
Proposal 4 (alternative B): The RNC provides the UE with information of which CQI belongs to which nodeB 

Proposal 5 (alternative B): When the UE has been provided by RNC with CQI-nodeB mapping, it shall group the CQIs of one nodeB adjacent to each other. 
Proposal 6 (alternative B): The format for grouped CQIs shall follow Table 4 above, that is shall follow 4-carrier formats for a single nodeB In case of cell deactivation the slot can be used for repetition of CQIs belonging to the same nodeB
Our preference is proposals marked as alternative B, and if that is not agreeable then we would like to continue the discussion with alternative A.
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