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Discussion
1. Introduction
In this contribution we are considering the operation of HARQ-ACK codebooks when grouping of Multiflow cells is applied not only to CQIs but also to ACK/NACK codewords in HS-DPCCH reporting . We show that the grouping proposed in R1-120655 [1] benefits also the codeword distances of the HARQ-ACK codebooks. 
RAN1 meeting #68bis in March 2012 agreed following:
Confirmed Working assumptions:
· Primary serving cell is CQI0 according to TS25.212, and the other cells are reported in the order defined for 4C-HSDPA

· The RNC provides the UE with information of which CQI belongs to which group 

· When the UE has been provided by RNC with CQI-group mapping, it shall group the CQIs of one group adjacent to each other. 

2. HARQ-ACK Codebook for 2 or 4 cells configured  
The current ACK/NACK codebook of TS25.212 Table 15C.2, which is applied in 4-cell multicarrier and in MIMO with 2-4 cells, and their application to Multiflow has been studied in R1-121672 [2]. When used with Multiflow without applying grouping, one code conflict has been found when ds-MIMO is used and a renewed codebook has been proposed. 
We show that the conflict is avoided and code performance restored by applying grouping of ACK/NACK messages for cases other than SF-DC with ds-MIMO. Grouping restores effectively the inter-site situation where the codebook is originally intended to use. On top, grouping improves also the performance of renewed codebook of [2].

2.1 Preliminaries
When MIMO is configured the HARQ-ACK MIMO codebook in table 15C.2 of 25.212 is used even if MIMO is not used at a certain transmit block.  Both NodeBs know if there is MIMO configured in the other NodeB so both know which codebook is in use.
If grouping [1] is done for CQIs, we assume it will be done to ACK/NACK messages of the cells as well so that the cell numbering of the CQI and HARQ-ACK reports is consistent. In particular, we assume that the ACK/NACK formats are following the tables in [4]: In one group, the cells know the scheduling/MIMO status of the other cells (no tx, single, dual) but are unaware of the scheduling in the other group.
2.2  Hamming distance of current codebook 
Following we are presenting the hamming distances of the codewords in the current codebook used for single and dual stream transmission. This codebook has a number of subspaces, which are evaluated separately. 
Table 1: hamming distances of the current codebook 25.212 table 15C.2. It is assumed that the receiver is aware of the transmission status of both cells. 
	Reception case
(1st cell – 2nd cell)
	Marking in Table1 in R1-092748
	# of messages in the subspace
	Average dist
	Min dist

	Single-Single 
	SS
	4
	6
	6

	Single – No tx
	SX
	2
	10
	10

	Dual - Single
	SD
	8
	5,57
	4

	No tx – Single 
	XS
	2
	10
	10

	No tx - Dual
	XD
	4
	6
	6

	Dual - Single
	DS
	8
	5,43
	4

	Dual – No tx
	DX
	4
	6
	6

	Dual – Dual 
	DD
	16
	5,27
	4


In reception case “single” or “dual” refer to number of streams transmitted. No tx refers to instance when no block is scheduled in certain cell or stream. There is no distinction between a user not scheduled and a cell being deactivated.
We note that above codebook can be applied to 4-cellsMIMO Multiflow with grouping. For 4-cell Multiflow with ACK/NACK grouping the ACK/NACK codewords can be arranged such that it never happens that ACK/NACK messages of different groups are jointly coded in one codeword. This has been illustrated in [4] 
As it turns out the average distances are higher than those of Table 3 which is showing alternative proposed codes. That is, the codebook of table 15C.2 is the highest performing code, and the conflict noted in [2] is avoided. Assuming SS, SX or XS are the most common due to assumption that multiflow is mostly applied at cell edge and therefore at poor signal, this would emphasize the difference.
2.3  Hamming distance of current codebook without grouping 
In case the receiver is not aware of the underlying transmission status for the received A/N codewords, following hamming distances are obtained:
Table 2: Current codebook 15C.2. Receiver does not know the scheduling/MIMO status of the other cell (Single S, Dual D, No transmission X).
	Reception case
 (1st cell – 2nd cell)
	Marking in Table1 in R1-092748
	# of messages
	Average dist
	Min dist
	

	Single-?? 
	SS SX SD
	14
	5,27
	0
3 otherwise
	1 Reused codeword

	Dual - ??
	DS DX DD
	28
	5,17
	0
2 otherwise
	1 Conflict
1 Reused codeword

	?? - Single
	SS XS DS
	14
	5,28
	2
	

	?? – Dual 
	SD XD DD
	28
	5,29
	2
	


?? means the receiver has no knowledge if the other cell message is in Single, Dual or No tx state.

Note that these subspaces are somewhat different than drawn in [2] since here it is assumed that if the cell has not transmitted the reception of ACK/NACK is irrelevant.
In 4-cell multiflow there are 2 ACK/NACK messages per 2ms TTI, both including 2 cells, so total 4 cells´ ACK/NACK messages per TTI. The first reported cell is defined to be the primary serving cell, and the remaining 3 could appear in random order if no grouping is applied. In case one ACK/NACK jointly coded message contains cells from different groups, the receiving NodeB of one group does not know the scheduling status of the other group’s cells. This case is presented in the table 2 and also in table 4. The table 2 is not viable because of the conflict, as pointed out in [2]. 
2.4 New Codebook proposed in R1-121672 
As a solution to the conflict shown another codebook was proposed with following properties:
Table 3: Codebook of [2] R1-121672 (replacement to 15C.2) with grouping

	Reception case

(1st cell – 2nd cell)
	# of messages
	Average dist
	Min dist
	Marking in Table1 in [3]

	Single-Single 
	4
	5,50
	5
	SS

	Single – Notx
	2
	6
	6
	SX

	Dual – Single
	8
	5,43
	4
	SD

	Notx – Single 
	2
	6
	6
	XS

	Notx – Dual
	4
	6
	6
	XD

	Dual – Single
	8
	5,26
	4
	DS

	Dual – Notx
	4
	6
	6
	DX

	Dual – Dual 
	16
	5,27
	4
	DD


The table 3 demonstrates that with grouping the average and minimum distances in the codebook of [2] are higher than without grouping, table 4. So the grouping improves also reception of the codebook in [2].
Table 4: Codebook of [2] (replacement to 15C.2) without grouping
	Reception case
	Subsets

Marking in Table1 in [3]
	# of messages
	Average dist
	Min dist

	Single-?? 
	SS SX SD
	10
	5,47
	4

	Dual - ??
	DS DX DD
	10
	5,24
	4

	?? - Single
	SS XS DS
	11
	5,42
	4

	?? – Dual 
	SD XD DD
	20
	5,23
	4


?? means the receiver has no knowledge if the other cell message is in Single, Dual or No tx state.
2.5. Alternative new proposed codebook 

Another new proposed codebook is evaluated in table 5 below.
Table 5: Codebook in e-mail of TSG RAN WG1 HSPA by Peter von Wrycza [Ericsson], Apr 27, with grouping
	Reception case

(1st cell – 2nd cell)
	# of messages
	Average dist
	Min dist
	Marking in Table1 in [3]

	Single-Single 
	4
	6,0
	6
	SS

	Single – Notx
	2
	6,0
	6
	SX

	Dual – Single
	8
	5,57
	5
	SD

	Notx – Single 
	2
	6,0
	6
	XS

	Notx – Dual
	4
	5,0
	4
	XD

	Dual – Single
	8
	5,57
	4
	DS

	Dual – Notx
	4
	5,67
	4
	DX

	Dual – Dual 
	16
	5,25
	4
	DD


The average distances are practically the same as in [2]. Average of the averages is slightly lower.
3. 3-cell Codebook 
3-cell configuration Table 15C.3 without MIMO 

 In this codebook there are always 3 cells’ messages jointly coded. Therefore with inter-site 3-cell multiflow there are always one or two cells with unknown status to a nodeB receiver.
	Reception case

Configuration, receiving cell, others
	# of messages
	Average dist
	Min dist

	2+1, 1st cell, receiving, 2nd AorN, 3rd unknown
	8
	5,36
	3

	2+1, 1st cell receiving, 2nd D, 3rd unknown
	8
	5,21
	4

	2+1, 2nd cell receiving, 1st AorN, 3rd unknown
	8
	5,36
	3

	2+1, 2nd cell receiving, 1st D, 3rd unknown
	6
	5,40
	3

	2+1, 3rd cell receiving, 1st and 2nd unknown, 3rd A or N
	18
	5,29
	3


Configuration 2+1 is that NodeB with primary serving cell has 2 cell in multiflow, and another NodeB has one. There is another set of cases, for the configuration 1+2, where the average and minimum distances are at the same level. 

The codebook “works” on average as well as the MIMO codebook with multiflow, the average distances are roughly the same as with the MIMO codebook, but minimum distances are sometimes only 3.
4. Conclusions
We provide evidence that the proposed grouping and group index communication can restore the performance of current codebook of Table 15C.2 (in TS 25.212) and also grouping improves the performance of the proposed codebook in [2].
What comes to inter-site SF-DC/DF-DC with dual stream MIMO, the grouping obviously cannot solve the code book conflict, and in order to enable dual-stream transmissions in those deployment scenarios, a modified HARQ-ACK codebook seems to be necessary.

Proposal 1: add a new codebook for SF-DC/DF-DC with ds-MIMO, and use the current codebook in all other cases.
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