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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]. The present discussion paper is presenting further refined design options for the CQI UL feedback based on the proposals contributed to RAN1#68 [7] and agreements and working assumptions made in RAN1#68 [8].
2. Proposals for CQI reporting 
2.1
Grouping of CQIs according to cells
In non-Multiflow multicarrier operation the CQIs appear in the order as the corresponding cells have been configured by the RNC. For Multiflow, this may be disadvantageous because in case of cell deactivation the CQI format may change and could require inter-nodeB coordination [7]. Cell grouping on the other hand avoids inter-nodeB coordination, as any possible change of formats is happening only in the TTI belonging to the nodeB affecting the change. Cell grouping is also advantageous to nodeB processing, as CQIs belonging to one reporting period can be handled in one TTI, instead of two. Further, cell grouping enables the reuse of DC CQI formats even in Multiflow DF-4C
Therefore, we are proposing to arrange CQIs such that those belonging to one nodeB appear adjacent to each other in time. 

Proposal 1a: The RNC provides the UE with information of which CQI belongs to which nodeB

Proposal 1b: The CQIs belonging to one nodeB shall appear adjacent to each other in the  HS-DPCCH.

The finer details of the order of CQIs within one nodeB will become clear in the sequel.
2.2
Multiflow CQI formats for SF-DC 

When in each nodeB one cell is configured only following formats of Table 1 may be used:
Table 1: possibility for CQI configuration for SF-DC when using DC CQI formats, directly using 15C.4 [TS25.212]
	Case
	Secondary_
Cell_
Enabled


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

TTI1


	CQI or PCI/CQI report

TTI2



	3
	1

SF-DC
	No
	0
	1


	CQI0 & CQI1

	Next, Note 2


	5
	
	
	
	
	
	

	
	
	Yes, Note 1


	0
	1
	PCI/CQI0
	PCI/CQI1


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).
Note 2: next report, according to configured CQI reporting period

That is, the CQI0 and CQI1 will be jointly coded for non-MIMO transmissions, and be fed back in different TTIs in MIMO transmissions in line with the DC-HSDPA CQI definitions.

Proposal 2:  In SF-DC, the formats case 3 and 5 of table 1 are used.

Note that it is still for discussion whether the deactivation of cell1 (cell on the primary carrier of the assisting nodeB) is allowed for Multiflow, and a short discussion of that situation is in the Appendix. 
2.3
Multiflow CQI formats for DF-4C, based on 4-cell CQI formats only 

Following the approach that a nodeB only needs to decode the TTI which carries the CQI of its cells, in Table 2 below we present the formats referring only to one nodeB

Table 2: 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
	nodeB 1, TTI 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



The complete list of DF-4C configuration options is shown below in Table 3. The table 3 does not consider different reporting period configurations.

Table 3: list of DF-4C CQI configurations based on the 4C format, with cell-nodeB grouping. Note for a cell not configured in MIMO mode, a CQI value is reported instead of a PCI/CQI value.

	Case
	nodeB 1, TTI 1
	nodeB 2 (assisting), TTI 2

	A
	PCI/CQI0  
	PCI/CQI1
	PCI/CQI2  
	PCI/CQI3

	B
	PCI/CQI0  
	PCI/CQI0
	PCI/CQI2  
	PCI/CQI3

	C
	PCI/CQI0  
	PCI/CQI1
	PCI/CQI2  
	PCI/CQI2

	D
	PCI/CQI0  
	PCI/CQI0
	PCI/CQI2  
	PCI/CQI2


Proposal 3: For DF-4C, with the acceptance of Proposal 1, table 2 shall be used by each nodeB independently, and the reporting period set to at least 2TTIs to allow for time multiplexing as in 4C HSDPA
3. Conclusions
Grouping of CQIs belonging to the cells of one nodeB is advantageous in that it helps to avoid inter-nodeB coordination when cell deactivation is used, which is convenient for the nodeB implementation and processing.
Proposal 1a: The RNC provides the UE with information of which CQI belongs to which nodeB

Proposal 1b: The CQIs belonging to one nodeB shall appear adjacent to each other in the HS-DPCCH.

Proposal 2:  In SF-DC, the formats case 3 and 5 of table 1 are be used.
Proposal 3: For DF-4C, with the acceptance of Proposal 1, table 2 shall be used by each nodeB independently
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Appendix A
A summary of agreements serving as basis for current proposals is presented here for convenience
In the last meeting it has been agreed [8] that a 
· single uplink HS-DPCCH is used for signalling CQI formats [reference]. It has been further agreed that 
· for SF-DC dual-carrier (DC) CQI formats are going to be used, and 
· for DF-4C 4-carrier (4C) CQI formats. 
It was stated that the working assumption [8] is that the 
· CQIs belonging to the cells of a nodeB are grouped. 

There was no decision yet taken on 
· whether dynamic cell deactivation is supported. There was also no decision yet taken on 
· whether the cell on the primary carrier of the assisting nodeB could be de-activated. 
Appendix B

B.0 Multiflow SF-DC formats when deactivation of the assisting cell is allowed
If the deactivation of cell1 (cell on the primary carrier of the assisting nodeB) is allowed for Multiflow one should consider that any change of format should respect the RRC-configured reporting period. A possible configuration is shown in table B.0.

Table B.0: additional SF-DC CQI configuration cases for intra-site Multiflow where the second cell can be deactivated
	Case
	Secondary_
Cell_
Enabled


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

TTI1


	CQI or PCI/CQI report

TTI2



	3
	1

SF-DC
	No
	0
	1
	CQI0 & CQI1

	Next, Note 2


	4a
	
	
	
	0, intra-site
	CQI0
	Next, Note 2

	4b
	
	
	
	0, inter-site
	CQI0  & dummy
	Next, Note 2

	5
	
	Yes, Note 1


	0
	1
	PCI/CQI0
	PCI/CQI1

	6a
	
	
	
	0, intra-site, intersite
	PCI/CQI0
	Dtx


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).

Note 2: next report, according to configured CQI reporting period

B.1 Multiflow CQI formats for DF-4C

While it was agreed in the last meeting to use 4C formats for DF-4C it has maybe not been sufficiently appreciated that the grouping of CQIs allows to use the DC format also for DF-4C.

This has the advantage of compatibility to DC-HSDPA signaling which could be beneficial to time-to-market, as well as slightly more efficient link budget.

In case all two cells of a nodeB appear in one TTI, the nodeB may resort to DC formats for non-MIMO cells, shown below in Table 2 for one of the two Multiflow nodeBs. For MIMO cells we here suggest to continue using the 4C format in the TTI assigned to the nodeB. 
Table B.2: possibility for CQI configuration when grouping CQIs belonging to one nodeB in one TTI, shown for one nodeB
	Similar to 

Case
	Secondary_
Cell_
Enabled

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

nodeB 1, TTI 1

	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 1: a DF-4C configuration without MIMO may look as

	nodeB 1, TTI 1
	nodeB 2 (assisting), TTI 2

	CQI0 & CQI1

	CQI2 & CQI3



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

	nodeB 1, TTI 1
	nodeB 2 (assisting), TTI 2

	CQI0 & CQI1

	PCI/CQI2 
	CQI3


· * For DF-4C also the DC CQI format could be supported, in addition to the RAN1#68 agreement of using 4C formats.
· * For DF-4C, with the acceptance of Proposal 1, table B.2 could be used by each nodeB independently, and the reporting period set to at least 2TTIs to allow for time multiplexing as in 4C HSDPA

Note that as a consequence for DF-3C a mixture of existing SC- and  DC- formats can be used, see example 3.

Example 3: With three cells configured (one in nodeB 1 and two in nodeB 2), the HS-DPCCH will look as follows
	nodeB 1, TTI 1
	nodeB 2 (assisting), TTI 2

	CQI0 


	PCI/CQI1 
	CQI2


The drawback of this approach is that even though the CQI can be transmitted in DC format with an HS-DPCCH spreading factor of 256, the ACK/NACK slot still needs to provide 4 A/N in every TTI, using a spreading factor of 128. In a DF-4C configuration then consequently the spreading factor might change from 128 to 256 within one TTI from the first to the second slot. 

B.2 Multiflow CQI configuration for DF-4C, based on the 4C format, without cell to nodeB grouping

B.2.1 intra-site

In case of intra-site Multiflow the cases 13-16 of table 15C.4 in TS25.212 can be directly applied. The same applies for the MIMO enabled cases 17-20 (not shown below).

Table B.3: 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
	Next


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.

B.2.2 inter-site
In inter-site Multiflow in case there is no guarantee that CQIs are grouped according to nodeBs. In particular a CQI of the assisting nodeB may appear also in TTI 1. Assuming that cell-deactivation is enabled not all of the 4C-CQI format changes as described in cases 15 and 16 of Table B.3 can be enabled without inter-nodeB coordination.

To remedy this problem, we propose that for inter-site Multiflow where in one TTI cells of different nodeBs appear, cell deactivation leads to a DTx (Table B.4), and to a repetition otherwise (Table B.5).
Table B.4: CQI formats for different cell activation situations for an exemplary CQI configuration. nodeB1: CQI0 and CQI1, nodeB2: CQI2 and CQI3. 
	Case
	 TTI 1, nB1 and nB2
	 TTI 2, nB1 and nB2

	A
	PCI/CQI0  
	PCI/CQI3
	PCI/CQI2  
	PCI/CQI1

	B
	PCI/CQI0  
	Dtx
	PCI/CQI2  
	PCI/CQI1

	C
	PCI/CQI0  
	PCI/CQI3
	PCI/CQI2  
	Dtx

	D
	PCI/CQI0  
	Dtx
	PCI/CQI2  
	Dtx

	E, note 1
	PCI/CQI0  
	PCI/CQI3
	Dtx  
	Dtx

	F, note 1
	PCI/CQI0  
	Dtx
	Dtx  
	Dtx


Note 1: depending whether cell 2 may be deactivated
Table B.5: CQI formats for different cell activation situations for an exemplary CQI configuration.
	Case
	 TTI 1, nB1 only
	 TTI 2, nB2 only

	A
	PCI/CQI0  
	PCI/CQI1
	PCI/CQI2  
	PCI/CQI3

	B
	PCI/CQI0  
	PCI/CQI0
	PCI/CQI2  
	PCI/CQI3

	C
	PCI/CQI0  
	PCI/CQI1
	PCI/CQI2  
	PCI/CQI2

	D
	PCI/CQI0  
	PCI/CQI0
	PCI/CQI2  
	PCI/CQI2

	E, note 1
	PCI/CQI0  
	PCI/CQI1
	Dtx  
	Dtx

	F, note 1
	PCI/CQI0  
	PCI/CQI0
	Dtx  
	Dtx


Note 1: depending whether cell 2 may be deactivated

