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1. Introduction

At the last meeting RAN1 #68bis, the issue on the use of codebook in case of multiflow with MIMO was discussed. One problem is the DC-MIMO HARQ-ACK codebook can not simply reused for inter-NodeB SF-DC MIMO since the two cells with joint HARQ-ACK feedback do not know the scheduling information of each other [1]. Some conclusions are agreed as follows:

The DC-MIMO HARQ-ACK codebook needs to be redefined when it is reused in MF-Tx with dual-stream MIMO (and not for any other cases).

Details of codebook remapping FFS until RAN1#69; any proposals for consideration must be made available on RAN1 HSPA reflector by Friday 27th April.
In this contribution, we give further analysis on codebook remapping and propose to reuse DC-MIMO HARQ-ACK codebook with remapping for SF-DC MIMO.
2. Discussion
2.1 Overview
For inter-NodeB multiflow, the shared scheduling information of the paired cells can not be obtained since no direct communication exists between two NodeBs. Thus, each cell has to decode the jointly encoded HARQ-ACK in the two subspaces (circled in Figure 1, called ‘a combined subspace’). If we design the codebook for MF-Tx based on the combined subspace, it is hard to find an optimized codebook with minimum code distance larger than or equal to 4 [1]. 
To reduce the decoding space, one solution is to remap the HARQ-ACK of single stream MIMO to the HARQ-ACK of dual stream MIMO so that the codebook for MF-Tx only is dual-dual subspace of 24 codewords in total. For example, ‘A’ is remapped to ‘AA’ and ‘N’ is remapped to ‘NN’. The solution will work well since each cell exactly decodes the remapping based on its own scheduling information after receiving the HARQ-ACK information expressed as dual stream MIMO. Using the same coded bits for ‘A’ and ‘AA’ has been proposed by all the proponents. Now the remaining issue is the codebook selection for dual-dual subspace. 

[image: image1]
Figure 1: HARQ-ACK codebook decoding space when the cells reside in the different NodeBs
2.2 MF-Tx HARQ-ACK Codebook
There are two optional schemes:
· Reuse the DC-MIMO sub-codebook (scheme1)

It is straightforward since the DC-MIMO sub-codebook (dual-dual) has already been optimized in Rel-8 in terms of RLC layer re-transmission and PHY layer re-transmission [2]. In addition, reusing DC-MIMO sub-codebook means that HARQ-ACK feedback of MF-Tx can be easily supported with only extra work to realize the remapping. The codebook is shown in the appendix.
· Redesign the MF-Tx codebook (scheme2)

A new codebook designed for MF-Tx was proposed in the e-mail discussion (shown in the appendix). It might be not necessary since DC-MIMO codebook has been optimized. It was mentioned by proponent that rank1-transmission would be more common than rank2-transmission since the UE only has two receive antennas. It may mean the single-single subspace is optimized in the highest priority. However a decoding space of any cell is a combined subspace, not only a one fold subspace (e.g. single-single subspace). As a result, the decoding space of a cell is single-dual subspace or dual-dual subspace thanks to the remapping (Note that single-single subspace combined with single-dual subspace is single-dual subspace after remapping). 
Another mentioned reason is to consider PRE and POST. As for the PRE and POST message, they are used only when HARQ_preamble_mode is true. Additionally the probability of sending DTX on both serving cells is down to 10-4 so that the false alarm rate of HS-DPCCH in DC is exactly less than 10-4, given that the probability of missing an HS-SCCH from one serving cell is 1% [3]. Due to the very low false alarm for DC, it is typically not necessary to consider PRE/POST message, which is already accepted in DC codebook selection. Consequently PRE and POST message does not need to be considered also for MF-Tx when optimizing the codebook.
2.3 Comparison of MF-Tx Codebook
In the following we give the performance of RLC layer re-transmission (shown in Figure 2~ Figure 4), which in our view is more important than PHY layer re-transmission in codebook design [2]. Note that all the possible decoding spaces of MF-Tx are single-dual, dual-single and dual-dual subspace.
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Figure 2: Performances of RLC Layer Re-transmission for Single-dual Subspace
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Figure 3: Performances of RLC Layer Re-transmission for Dual-single Subspace
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Figure 4: Performances of RLC Layer Re-transmission for Dual-dual Subspace

It is clear that the DC-MIMO sub-codebook (scheme 1) outperforms the new proposed codebook (scheme 2). Note the single-single subspace is not the decoding space as analyzed in the section 2.2. 
Thus, the scheme of reusing the DC-MIMO codebook with remapping is preferred and can be used in both inter-NodeB SF-DC and intra-NodeB SF-DC cases. Additionally for DF-4C case, if the two paired cells with joint feedback are within one NodeB then the HARQ-ACK encoding of 4C can be directly reused; if the paired cells can be from two different NodeBs, the HARQ-ACK encoding of 4C shall be reused with remapping .
Of course one can bring up some new design other than DC-MIMO codebook, or other remapping based on DC-MIMO codebook. However, we still would prefer reusing DC-MIMO codebook unless there is clear performance gain, which in our analysis is not possible. Reusing DC-MIMO codebook means easy implementation and also easy standard work. On the other hand a new codebook design would mean a long-time simulation campaign and therefore not appropriate for MF-Tx WI progress since it is in such a late stage.  
Proposal 1: Only the subspace of dual-dual in the DC-MIMO HARQ-ACK codebook is used for MF-Tx with dual-stream MIMO via remapping. The remapping method is ‘A’ to ‘AA’ and ‘N’ to ‘NN’.
3. Conclusion
In this contribution we further discuss some issues on HARQ-ACK codebook for MF-Tx with dual-stream MIMO. Two codebooks are compared in the RLC re-transmission performance. Based on the better performance of DC-MIMO sub-codebook (dual-dual), we propose:
Proposal 1: Only the subspace of dual-dual in the DC-MIMO HARQ-ACK codebook is used for MF-Tx with dual-stream MIMO via remapping. The remapping method is ‘A’ to ‘AA’ and ‘N’ to ‘NN’.
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5. Appendix
Scheme 1: Channel coding of HARQ-ACK for MF-Tx
	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9
	
	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	AA/D
A/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	
	AN/AA
AN/A
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	
	AN/AN
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1

	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	
	AN/NA
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0

	NN/D
N/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	
	AN/NN
AN/N
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

	D/AA
D/A
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	
	NA/AA
NA/A
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	D/AN
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	
	NA/AN
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	D/NA
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	
	NA/NA
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0

	D/NN
D/N
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	
	NA/NN
NA/N
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0

	AA/AA
A/AA
AA/A
A/A
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	
	NN/AA
N/AA
NN/A
N/A
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0

	AA/AN
A/AN
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1
	
	NN/AN
N/AN
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	AA/NA
A/NA
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	
	NN/NA
N/NA
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0

	AA/NN
A/NN
AA/N
A/N
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	
	NN/NN
N/NN
NN/N
N/N
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1

	PRE/POST

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	
	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


Scheme 2: Channel coding of HARQ-ACK for MF-Tx
	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	A/D
AA/D
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1

	N/D
NN/D
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1

	AN/D
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0

	NA/D
	0
	0
	0
	1
	0
	1
	1
	0
	1
	1

	D/A
D/AA
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	D/N
D/NN
	0
	0
	1
	0
	1
	0
	0
	0
	0
	1

	D/AN
	1
	1
	1
	1
	1
	0
	1
	1
	0
	0

	D/NA
	0
	1
	0
	0
	0
	0
	1
	1
	1
	1

	A/A
A/AA
AA/A
AA/AA
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0

	A/N
A/NN
AA/N
AA/NN
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1

	N/A
N/AA
NN/A
NN/AA
	0
	0
	0
	1
	1
	0
	1
	1
	0
	1

	N/N
N/NN
NN/N
NN/NN
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0

	A/AN
AA/AN
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1

	A/NA
AA/NA
	1
	1
	1
	0
	0
	1
	1
	1
	1
	0

	N/AN
NN/AN
	0
	1
	0
	1
	0
	0
	0
	0
	0
	1

	N/NA
NN/NA
	1
	1
	1
	0
	1
	0
	0
	0
	1
	0

	AN/A
AN/AA
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0

	AN/N
AN/NN
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0

	NA/A
NA/AA
	0
	0
	1
	0
	1
	0
	1
	1
	1
	0

	NA/N
NA/NN
	0
	1
	0
	0
	1
	1
	0
	0
	1
	1

	AN/AN
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1

	AN/NA
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0

	NA/AN
	0
	1
	1
	0
	1
	1
	1
	1
	0
	1

	NA/NA
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
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