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1 Introduction
During the last meeting in Montreal, RAN1 has drafted CRs for the introduction of 4C-HSDPA (see [1]-[4]).  This contribution discusses some remaining open issues.
2 Discussion
2.1 Codebook selection criteria

In the current specifications, 2 families of HARQ-ACK codebooks are defined: the single cell/dual cell R6/R8 family and the MIMO/DC+MIMO R7/R9 family.  In 4C-HSDPA operations, each cell may be configured independently for MIMO operation.  Because each secondary serving HS-DSCH cell may further be deactivated via HS-SCCH orders, and because of the remapping when 1 or 2 cells remain active, there may be cases where the codebook for the serving HS-DSCH cell may need to change following an HS-SCCH activation/deactivation order.
Figure 1 illustrates an example where the codebook for the primary carrier is based on the activation status and is changed from non-MIMO codebook to MIMO codebook when a carrier is deactivated.  In the example, 3 carriers are configured: C1, C2 and C3.  C1 and C2 are non-MIMO and thus the HARQ-ACK feedback can be carried using the R8 DC-HSDPA codebook.  C3 is configured with MIMO and uses the R7 MIMO codebook.  When C2 is deactivated C3 is remapped so that the feedback can be repeated.  As a result, C1 and C3 must use the R9 DC+MIMO codebook.
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Figure 1: Example where codebook based on activation
Figure 2 illustrates an alternative approach where the MIMO codebooks are used for all the cells.  In this case, C1 and C2 are still non-MIMO but the HARQ-ACK feedback is carried using the R9 DC+MIMO codebook (single-stream would be assumed).  Thus when C2 is deactivated, there is no change of codebook.
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Figure 2: Example where codebook is based on MIMO configuration (at least 1 carrier with MIMO)
There is a potential issue with codebook compatibility when using the approach based on activation, as a number of codewords are different between the non-MIMO and MIMO codebooks (see Table 2 in the appendix).  Such a synchronization error would not occur if the UE uses the MIMO codebook whenever at least 1 cell is configured with MIMO.  However, we do not consider synchronization error to be a concern due to the robustness of the activation/deactivation orders.  
Therefore, since there does not seem to be any advantage of using the DC-MIMO codebook when not required to do so,  we propose to apply the approach that is the most natural in terms of specifications.  Thus we propose the following:
Proposal 1: The HARQ-ACK codebook is selected based on the carrier activation status depending on the MIMO configuration per carrier group.
2.2 HARQ-ACK feedback when 3 carriers remain activated
At the RAN1 meeting in Montréal, the following was agreed:

· The ACK/NACK and CQI/PCI information is remapped and repeated when only 1 or 2 carriers remain activated.

· Upon (de)activation of carriers to/from 1 or 2 active carriers, the HS-DPCCH power offsets are set to different power settings relative to before the HS-SCCH order.

· Information corresponding to primary carrier is never remapped

The case of carrier remapping when the UE is configured with 4 carriers and 3 carriers remain active was discussed (e.g. see [5]) but not agreed.  In this section, we address the possibilities for carrier remapping for the HARQ-ACK feedback.  A companion contribution addresses the mapping for the CQI and composite PCI/CQI in [6]. 
Table 1 lists the different possible mapping possibilities for HARQ-ACK.  The feedback for the carrier listed on the left side of the divider sign (‘/’) in the last two columns of the table is mapped to the feedback of the serving HS-DSCH cell in the legacy R8/R9 DC codebook, whereas the feedback for the carrier listed on the right side of the divider sign is mapped to the feedback of the secondary serving HS-DSCH cell in the legacy R8/R9 DC codebooks.

Table 1: Carrier mapping when 3 secondary serving HS-DSCH cells are configured
	Case #
	Activated carriers
	First feedback group
	Second feedback group

	
	C1
	C2
	C3
	C4
	
	

	1
	X
	X
	X
	X
	C1/C2
	C3/C4

	2
	X
	X
	X
	
	C1/C2
	C3(/X)

	3
	X
	X
	
	X
	C1/C2
	C4(/X)

	4
	
	
	
	
	C1/C2
	X/C4

	5
	X
	
	X
	X
	C1(/X)
	C3/C4

	6
	
	
	
	
	C1/C3
	C4


· Case 1 corresponds to the reference where 4 carriers are activated, with the HARQ-ACK feedback for C1 and C2 jointly encoded using the DC codebook (either R8 or R9 if MIMO is configured) and likewise C3 and C4 are also jointly encoded the same way.

· Case 2 corresponds to the case where C4 is deactivated.  Here there is no real need to perform any remapping.  Further, as indicated by the ‘(/X)’ symbol, when C4 is deactivated the same codebook may be used by C3 whether C4 is assumed to be always DTXed or deactivated.

· In cases 3 and 4, C3 is deactivated.  Here we are considering two ways to map the feedback for C4 in the second feedback group.  In the first approach in case 3, the feedback of C4 is carried using the single carrier codebook (either R6/or R7 MIMO).  Case 3 involves a change in feedback mapping.  In the second approach in case 4, the DC codebooks are used with the knowledge that C3 will always be DTXed.  This approach requires no remapping.
· In the non-MIMO case, there does not seem to be any advantage of using case 3 over case 4 as the properties of the codewords used would be the same.  For the MIMO case, the code distance property would be slightly different, but the performance should be very similar in practice.
· In cases 5 and 6, C2 is deactivated.  Again here we are considering two ways to map the feedback for C3 and C4.  In the first approach, in case 5, no remapping is carried out, and as for case 2 there is no need to change codebook either.  In the second approach in case 6, C3 and C4 are remapped such that the first group carries feedback for two carriers.  Note that case 6 is what is implemented in the draft CR in [2].
· There does not seem to be significant advantages of using case 6 instead of case 5 here.  The only marginal advantage of doing remapping in this case could be if C1 and C3 are configured in MIMO mode when C4 is non-MIMO; however this would likely not provide significant coverage gains.

As there does not seem to be any real advantages from a radio performance standpoint one way or another, it is proposed to adopt the solution that requires no remapping. 
Proposal 2:  No remapping for the case when 3 carriers remain activated.
3 Conclusion

In this contribution we have discussed some open issues related to the HS-DPCCH encoding and mapping for 4C-HSDPA we propose the following:
Proposal 1: The HARQ-ACK codebook is selected based on the carrier activation status depending on the MIMO configuration per carrier group.

Proposal 2:  No remapping for the case when 3 carriers remain activated.
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5 Appendix A
Table 2: R8 vs. R9 codewords for dual-cell, single-stream transmission

	
	DC Codebook (R8)
	DC+MIMO Codebook (R9)

	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

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

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

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

	A/N
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0
	1

	N/A
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0

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