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1
Introduction
Rel-13 includes the standardization of the enhanced carrier aggregation (eCA) where the number of component carriers (CCs) that can be aggregated is increased (with respect to Rel-12 CA) to 32 CCs. 

In this document we discuss some aspects of necessary enhancements to enable HARQ ACK feedback in the UL for up to 32 DL CCs.   
2
Discussion
In Rel-13, a UE may be configured with up to 32 CCs. It was agreed earlier that a single UL CC may be configured with up to 32 DL CCs, which implies that a single PUCCH may need to handle HARQ feedback for up to 32 DL CCs.  

2.1
PUCCH Payload Selection

In Rel-13, the PUCCH payload may be dynamically determined according to the following agreements from RAN1#82b: 
· eNodeB can configure by RRC signaling an eCA UE to determine HARQ-ACK codebook size according to either (a) or (b) as follows:
· Solution (a):

· DAI based solution is supported for dynamic HARQ-ACK codebook:
· Counter DAI in each DL assignment of one CG are used to HARQ-ACK codebook order.
·  Counter DAI is incremented in frequency-first-time-second manner for TDD PUCCH CG.
· Counter DAI is incremented in carrier index  for FDD PUCCH CG
· FFS: Number of bit for counter DAI
· FFS: Total DAI in each DL assignment of one CG is to indicate the total codebook size in the current subframe for the corresponding FDD PUCCH CG, up to present subframe within a bundling window for corresponding TDD PUCCH CG
· FFS:UL DAI in UL grant is  used to indicate the total codebook size within bundling window(Keep the same function in Rel-12);UL grant with UL DAI can be triggered by eNB if  it is deemed necessary to further ensure the common understand between UE and eNB on the total codebook size 
· FFS: Granularity of codebook
· Solution (b):

· An eCA UE determines HARQ-ACK codebook size according to the number of configured CCs (i.e. as in Rel-12)

· Fallback to PUCCH format 1a/b is supported as in Rel-12
· No additional spec impact is needed specifically for solution (b)

· Both solution (a) and solution (b) are mandatory feature as UE capability from RAN1 recommendation point of views for UEs supporting more than 5 CCs
In the following, we give proposals for the remaining FFS point for Solution (a) above. 

2.1.1
Granularity of the codebook
The codebook payload granularity should be selected based on a trade off between minimizing loss of efficiency (due to overly coarse granularity) and minimizing probability of payload assumption misalignment between the UE and eNB (due to overly fine granularity).  Based on these considerations, we make the following two proposals:
· Proposal 1: The allowed payload sizes (including SR, CSI and CRC) for PUCCH Format 5 are the following
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· Proposal 2: The allowed payload sizes (including SR, CSI and CRC) for PUCCH Format 4 are the following
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The remaining values are filled with 32 bit increments.
2.1.2
DAI for HARQ Payload and Format Selection

The fixed PUCCH format used in Rel10-12 enables a fixed mapping of HARQ ACK bits.  In Solution (a) above, the mapping of HARQ ACK bits within the PUCCH payload is no longer fixed.  It is important that the UE and the eNB have the same understanding of the HARQ ACK bit mapping. 

In the email discussions [2], a few options on how to design the DAI were proposed and summarized. Although the indication of HARQ payload and PUCCH format in eCA is primarily with respect to frequency domain indexing and counting, the mechanism as in the TDD case can be largely re-used. It is also preferable to keep the design simple and straightforward such that error/corner cases can be minimized. As a result, we propose:
· Proposal 3: Use DAI based mechanism, with allowed DAI skipping, to support signaling of HARQ ACK bit mapping within the PUCCH payload. 

We will illustrate how the DAI skipping method works with two examples. 
Example 1:  Assume the following: 

· 8 configured CCs

· 2 configured ACK bits per carrier (MIMO) 

· No periodic CSI

· 6 subframes in the bundling window

· 36 scheduled subframes across all CCs within the bundling window

In this example, the payload size will be 2x36 (ACK) + 1 (SR) + 8 (CRC) = 81 bits. The available payload, based on Proposal 2, would be rounded to 96 bits, so the UE would send 96 bits (including CRC).  Assume, just as an example, that all HARQ bits are ACK. Then the payload would be: 
[SR]1 SR bit, [1, 1, 1, …. , 1]2x36 ACK bits, [0, 0, …, 0]15 padding bits, [x, x, …, x]8 CRC bits = 96 bits
As it had been discussed, if one or more of the last grants are missed, the UE can choose the wrong payload size. For example, assume that the last two grants are missed as shown in Figure 1 below.  In this case, the UE would determine 2x34 (ACK) + 1 (SR) + 8 (CRC) = 77 bits payload, and would wrongly choose the 80 bit payload format instead of the 96 bit payload.   
The UE would send
[SR]1 SR bit, [1, 1, 1, …. , 1]2x34 ACK bits, [0, 0, 0]3 padding bits, [x, x, …, x]8 CRC bits = 80 bits
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Figure 1 Scheduled subframes with DAI, without DAI skipping
However, the eNB knows that total number of scheduled CCs can lead to ambiguity. Therefore, the eNB can skip some of the DAIs. With this, the DAI allocation would be as shown in Figure 2, assuming the same scheduled subframes as assumed for Figure 1 before. 
Each skipped DAI is detected by the UE as a missed grant. 
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Figure 2 Scheduled subframes with DAI skipping

When the UE receives the DAI allocation shown in Figure 2, it will insert 2 NAK bits (two because of MIMO) for every skipped DAI. Therefore, the UE will send the correct 
[SR]1 SR bit, [1, 1, 1, …. , 1, 0, 1, 1, 1, 1, 1, 1, 0, 1, 1, 1, 0, 1, 1, 1, 1, 0, 1]2x38 ACK bits, [0, 0, …, 0]11 padding bits, [x, x, …, x]8 CRC bits = 96 bits
It is up to the eNB how it chooses which DAI should be skipped. 

 Example 2:  Assume the following: 

· 8 configured CCs

· 2 configured ACK bits per carrier (MIMO) 

· No periodic CSI

· 6 subframes in the bundling window

· 35 scheduled subframes across all CCs within the bundling window

Then the payload size will be 2x35 (ACK) + 1 (SR) + 8 (CRC) = 79 bits. The available payload, based on Proposal 2, would be 80 bits, so the UE would send 80 bits (including CRC).  Assume, just as an example, that all HARQ bits are ACK. Then the payload would be: 

[SR]1 SR bit, [1, 1, 1, …. , 1]2x35 ACK bits, [0]1 padding bit, [x, x, …, x]8 CRC bits = 80 bits

If up to 4 of the last grants are missed, the UE will still choose the correct payload size. For example, assume that the last two grants are missed as shown in Figure 3 below.  In this case, the UE would determine 2x33 (ACK) + 1 (SR) + 8 (CRC) = 75 bits payload, and correctly choose the 80 bit payload format. 
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Figure 3 Scheduled subframes with DAI, without DAI skipping

Therefore in Example 2, DAI skipping is not necessary. 
Note that the eNB may need to use some estimate of the total expected number of scheduled subframes before the last subframe in the TDD bundling window if it wants to employ DAI skipping in subframes before the last. 
2.1.3
Number of bits for counter DAI
Since the DAI skipping described in 2.1.1 reduces slightly the tolerance to missed consecutive grants without DAI ambiguity, we prefer increasing the DAI bit-width. We make the following proposal: 

· Proposal 4: Use 3-bit DL DAI
Note that the previous examples in 2.1.1 were given with assuming 2 bit DAI. The basic mechanism works the same way in either case. 
2.1.4
Handling of MIMO payload ambiguity
As it had been discussed before [2], the combination of missing ACKs and varying number of ACK bits per CC can lead to payload size and bit mapping ambiguities. To solve this, we propose the following: 

· Proposal 5: We propose UE specific configuration that would select either
a) All CCs are configured with a single ACK/NAK bit. When two TBs are received on a CC, spatial bundling is applied
b) All CCs are configured with two ACK/NAK bits. When one TB is received on a CC the HARQ ACK bit is repeated once (alternatively, the second bit could be set to NAK but the former option is preferred). 
2.2
ACK bundling
This technique is similar to that used in TDD.  Bundling could be performed across MIMO codewords, DL CCs, and/or DL subframes. Each of these options have some negative impact on HARQ efficiency, as they result in unnecessary retransmissions.  The more correlated the decoding results are among the bundled processes, the smaller the resulting loss is. 

Note that the application of spatial bundling is already determined by Proposal 5. Therefore additional bundling needs to be defined only across CCs and/or subframes. We prefer bundling across subframes according to the following proposal: 

· Proposal 6: The eNB can configure bundling groups consisting of subsets of CCs. A single ACK bit is sent per codeword (when no spatial bundling is configured) for all CCs in the group. 
If no spatial bundling is configured, ACK is assumed for CW1 when only CW0 is transmitted on a given CC.
3
Conclusions 
Based on the discussion presented in the paper, we propose the following:
· Proposal 1: The allowed payload sizes (including SR, CSI and CRC) for PUCCH Format 5 are the following
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· Proposal 2: The allowed payload sizes (including SR, CSI and CRC) for PUCCH Format 4 are the following
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The remaining values are filled with 32 bit increments.
· Proposal 3: Use DAI based mechanism, with allowed DAI skipping, to support signaling of HARQ ACK bit mapping within the PUCCH payload. 
· Proposal 4: Use 3-bit DL DAI
· Proposal 5: We propose UE specific configuration that would select either of
c) All CCs are configured with a single ACK/NAK bit. When two TBs are received on a CC, spatial bundling is applied

d) All CCs are configured with two ACK/NAK bits. When one TB is received on a CC the HARQ ACK bit is repeated once (alternatively, the second bit could be set to NAK but the former option is preferred). 

· Proposal 6: The eNB can configure bundling groups consisting of subsets of CCs. A single ACK bit is sent per codeword (if no spatial bundling is configured) for all CCs in the group. 
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The eNB can be always determine whether DAI skipping is necessary by determining whether the total payload is within the range {L, …, L+k*2m}, where L is any of the possible payloads given in Proposal 2, m is the DAI bit-width and k is the number of ACK/NAK bits per CC (k=1, 2).
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