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1 Introduction 

In 3GPP RAN1 #69 meeting, the following conclusion has been reached.
· For TDD inter-band carrier aggregation with different UL-DL configurations on different bands, a UE can be configured with PUCCH format 3 or PUCCH format 1b with channel selection for HARQ-ACK transmission. 

In [1], a method using the maximum size approach was proposed to deal with the bundling window size difference when channel selection is used to transmit HARQ-ACK.  We propose solutions to try to improve over this approach. For the same carrier aggregation scenario, our schemes require fewer number of ACK/NACK bits in PUCCH format 1b with channel selection. Therefore, by and large, they achieve better performance than the method in [1].

2 Background
One of the 3GPP RAN1 design agreements indicates that PUCCH has to be transmitted only on PCell in the case of inter-band CA with different UL/DL configurations. Therefore, PDSCH HARQ ACK/NACK bits for both PCell and SCell have to be conveyed on PCell if PUCCH is used. For the same bundling window size on PCell and SCell, the scheme to use PUCCH format 1b with channel selection for ACK/NACK transmission has been defined in Release 10 specification.

In inter-band CA with different UL/DL configurations, the size of bundling window of different cells may be different. For example as shown in the figure below, PCell with UL/DL configuration 1 is aggregated with SCell of UL/DL configuration 2. Based on the PDSCH HARQ timing agreement, PCell follows its own UL/DL configuration 1 PDSCH HARQ timing. SCell follows UL/DL configuration 2 timing reference. Therefore, on PCell subframe #2 or #7, the bundling window for PCell is two, Mp=2, and for SCell is four, Ms=4. At subframe #3 or #8, Mp=1, Ms=0. As we can see that the bundling window sizes are different for PCell and SCell.
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In [1], a method using the maximum size approach was proposed to deal with the bundling window size difference when channel selection is used to transmit HARQ-ACK. The procedure is as follows,
· The UE shall use the Rel-10 mapping table with M = max{Mp, Ms}, where Mp is the number of elements in set Kc for the primary cell and Ms is the number of elements in set Kc for the secondary cell.

· The UE shall set DTX for {HARQ-ACK(min{Mp, Ms}), …, HARQ-ACK(M-1)} for the serving cell with the smaller Mc value.

However, the maximum size approach may introduce unnecessary performance loss because of the inflation of number of ACK/NACK bits.  As the number of Ack/Nack bits increases for a mapping with a fixed number of PUCCH resources, the performance of the mapping degrades because the distances between transmissions corresponding to the Ack/Nack bit states are reduced. 

One set of special cases is where one of Mp and Ms is equal to zero. When PCell is UL/DL configuration 0 and SCell is configuration 4, at subframe #3, Mp=0 and Ms=4. Another example is that, when PCell is configuration 3 and SCell is configuration 4, at subframe #4, Mp=2 and Ms=0.  Considering the Mp=0, Ms=4 case, then if we set M = max{Mp, Ms}, and use Table 10.1.3.2-6 in [2] with all 4 bits of Scell set to DTX the 4 Ack/Nack bits of PCell must be determined using only the 8 unique transmissions possible with QPSK on 2 PUCCH resources.  This is because only 2 PUCCH resources are signaled from PCell when Table 10.1.3.2-6 is used.  It is not possible to communicate all 4 Ack/Nack bits (having 16 combinations) using only 8 unique transmissions, and so some states of PCell Ack/Nack bits must be combined together.  This is in contrast to solutions herein where Table 10.1.3-7 in [2] is used, where the 4 Ack/Nack bits are encoded using 16 unique transmissions on 4 PUCCH resources, and all 16 combinations can be communicated.  Being able to communicate all Ack/Nack bits prevents unnecessary PDSCH retransmissions by better knowing which transport blocks are Nack’d.
3 Proposed methods

We consider two approaches: one where the Rel-10 one serving cell mapping table is used whenever one serving cell has zero elements in set Kc, and another where at most one DTX bit is appended and/or at most one ACK/NACK bit is moved between cells.
3.1 Using existing HARQ-ACK bit mapping
With this method, the existing ACK/NACK mapping tables for one and two cells can be directly used without any modification. The scheme is described as follows:
· Mp is the number of elements in set Kc for the primary cell

· Ms is the number of elements in set Kc for the secondary cell.
· If Mp=Ms,
· Use the Rel-10 two serving cell mapping table and spatial bundling procedures directly.
· Else if both Mp and Ms are nonzero,

· Use the Rel-10 two serving cell mapping table (one of Tables 10.1.3.2-1/2/3/5/6 defined in [2]) with M = max{Mp, Ms} or A = max{Mp, Ms}
· Set DTX for {HARQ-ACK(min{Mp, Ms}), …, HARQ-ACK(M-1)} for the serving cell with the smaller Mc value.
· Else,

· The UE shall use the Rel-10 mapping table for one serving cell (one of Tables 10.1.3-5/6/7 in [2]) with M = max {Mp, Ms}.
Comparing with method proposed in [1], this scheme has advantages when one of the Mp and Ms equals to zero. For example, consider when PCell is UL/DL configuration 0 and SCell is configuration 4, at subframe #3, Mp=0 and Ms=4. According to [1], Table 10.1.3.2-6 in [2] with eight ACK/NACK bits will be used.  The states of these eight Ack/Nack bits in the table are bundled together in order to work with the 16 combinations of PUCCH resource and QPSK symbols. This mapping can degrade performance.  However, since our approach only requires four bits, no bundling is needed.

Proposal 1: The one serving cell Rel-10 mapping table is used whenever one serving cell has zero elements in set Kc.
3.2 Reordering ACK/NACK bits

In this method, we consider moving an ACK/NACK bit between cells instead of only filling up with DTX bits. 
Assume that:

H1(i) is a ACK/NACK bit for the serving cell with the larger bundling window size, 
H2(i) is a ACK/NACK for the smaller bundling window size
Mp is the number of elements in set Kc for the primary cell 
Ms is the number of elements in set Kc for the secondary cell,

Mmax = the number of configured HARQ-ACK bits on the cell with the most HARQ-ACK bits
Mmin = the number of configured HARQ-ACK bits on the cell with the least HARQ-ACK bits
{H1, H2} is the concatenation of the bits in H1 and H2
The approach can then be written as:

· If Mp=Ms, use the Rel-10 mapping table and spatial bundling procedure directly.
· Else if one of Mp and Ms is zero, 
· The one serving cell Rel-10 mapping table and spatial bundling procedure with M = max {Mp, Ms}, is used as described in section 3.1.
· Else

· PCell or SCell is spatially bundled if Mp>1 or Ms>1 in a subframe.
· The Rel-10 two serving cell mapping table with M = ceil([Mmax+Mmin]/2) is used.  

· if (Mmax - Mmin )>1, 

· Set H2’={H2, H1(Mmax-1)} and H1’={ H1(0), …, H1(Mmax-2)}
· Else

· Set H2’= H2  and H1’= H1
· if (Mmax - Mmin )=1 or (Mmax - Mmin )=3
· Set H2’’={H2’, DTX }

· Else

· Set H2’’=H2’

· If Mp>Ms,

· Transmit H1’on PCell and H2’’ on SCell 
· Else,

· Transmit H1’ on SCell and H2’’ on PCell 

Note that at most one bit is moved from the cell with more HARQ-ACK bits to the cell with less bits, and that at most one DTX bit is appended.

Comparing with methods proposed in [1] and in section 3.1, this scheme uses the least number of ACK/NACK bits. Hence it has the best resource utilization and performance. For example, when PCell is UL/DL configuration 0 and SCell configuration 2, at subframe #2, Mp=1, Ms=4. With both methods in [1] and section 3.1, eight ACK/NACK bits will be used. However, it only requires, M = ceil{(Mp+Ms)/2}=3,  six bits with this scheme.

Proposal 2: Append at most one DTX bit and/or move at most one ACK/NACK bit between cells to minimize the required value of M before using a Rel-10 mapping table.
4 Conclusions
In this contribution, we have proposed three methods to more efficiently transmit the ACK/NACK bits for PUCCH format 1b with channel selection in the case of inter-band CA with different TDD UL/DL configurations. We propose the following.
Proposal 1: The one serving cell Rel-10 mapping table is used whenever one serving cell has M=0.
Proposal 2: Append at most one DTX bit and/or move at most one ACK/NACK bit between cells to minimize the required value of M before using a Rel-10 mapping table.
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