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1 Introduction

At RAN1 #82bis meeting, some agreements on HARQ-ACK feedback for LTE CA of up to 32 CCs have been achieved: 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
Another related FFS points was:

FFS which ARI applies in case of payload size changing during bundling window with TDD.
In this contribution, remaining issues for dynamic HARQ-ACK codebook determination including number of bits for counter DAI, whether total DAI is included in DL assignment DCI and the definition of total DAI are further discussed. 
2 DAI-based solution for dynamic HARQ-ACK codebook determination
The key issue which needs to be solved for dynamic codebook determination based on the scheduled carriers/subframes is that the UE and the eNB should have the same understanding of the number of and the order of the HARQ-ACK bits. That means the UE should identify DL CCs/subframes for which the UE fails to detect the PDCCH/EPDCCH with assigned PDSCH and PDCCH/EPDCCH indicating downlink SPS release. For simplicity, DL PDCCH in this paper is used to represent PDCCH/EPDCCH with assigned PDSCH and PDCCH/EPDCCH indicating downlink SPS release. Two kinds of DL PDCCH missing need to be considered:

1) Middle DL PDCCH missing: A DL PDCCH missing occurs when the UE fails to detects DL PDCCH for CCs/subframes whose indices are less than the largest CC/subframe index for which the UE detected a DL PDCCH.
2) Last DL PDCCH missing: A DL PDCCH missing occurs when the UE fails to detects DL PDCCH for CCs/subframes whose indices are larger than the largest CC/subframe index for which the UE detected a DL PDCCH. 
DAI based solution was agreed to dynamically determine HARQ-ACK codebook size for Rel-13 CA. In the following parts of this paper, remaining issues of DAI based solution are further discussed.
2.1 Counter DAI
2.1.1 Definition of counter DAI
Two alternatives for Counter DAI were discussed in [1]
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[4]. As shown in Figure 1, taking FDD as an example, Counter DAI Alt-1 denotes the accumulative number of DL PDCCH (or carrier) up to the present carrier within a feedback window, denoted as counter CC. For counter DAI Alt-2, the accumulative number of codewords instead of the number of CCs is used, denoted as counter CW. Counter DAI Alt-1 is applicable if spatial bundling is used, while Counter DAI Alt-2 is suitable if spatial bundling is not used.
2.1.2 Number of bits for counter DAI
If LAA carrier(s) are not considered, the probability of a UE failing to detect 4 consecutive DL assignments is very small considering the PDCCH misdetection probability is around 1%. For Counter DAI Alt-1(counter CC), a 2-bit counter DAI is enough which is the same bit width as time-domain DAI for TDD in current specification. A “MOD 4” operation makes the value of counter CC in the left side of Figure 1 {1, 2, 3, 4, 1, 2}. For Counter DAI Alt-2(counter CW), the maximum number of consecutive missing CWs (codewords) according to 4 consecutive DL assignments is 8. Therefore, 3-bit counter DAI could be used to keep the probability of consecutive CW missing small. A “MOD 8” operation can be applied.
If LAA carrier(s) are considered, DL assignment for the unlicensed carriers has to be prepared in advance but the unlicensed carriers may fail to be scheduled due to LBT failure. Therefore when the LBT failure happens, the DL assignments of LAA carriers are not transmitted, which makes the probability of a UE failing to detect 4 consecutive DL assignments larger. 
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Figure 1. Example of two alternatives for Counter DAI Alt-1 and Counter DAI Alt-2
One alternative is to group the carriers; one group of licensed carriers and the other group of unlicensed LAA carriers, and apply a separate counter DAI in each group. However, this may become complicated and if the LAA case needs special handling, 3 or 4 bits could be used for the DAI counter.
Proposal 1: The counter DAI comprises 3 or 4 bits. 
For TDD, the counter DAI could either replace the existing DL DAI or be added separately. In the former case, the existing 2 DAI bits could be reused for counter DAI. However, this may give rise to further issues, as discussed in Sec. 2.5.   Considering the information of time-domain DL DAI in legacy specification is no longer useful for dynamic HARQ-ACK determination and other solution of issue discussed in Sec. 2.5 can be solved in other way.

Proposal 2: DL DAI should be replaced by the counter DAI for TDD.
2.2 Total DAI
The original total DAI (DAI in UL grant) for TDD in current specification denotes the total number of subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release within the bundling window. The total DAI for Rel-13 CA can be extended in cell-domain. Both carriers and subframes in the bundling window will be considered. In a broad sense, total DAI can be seen as the information which helps to decide HARQ-ACK codebook size. The necessity of total DAI and different forms of total DAI are discussed below.
2.2.1 The necessity of total DAI
Counter DAI can solve the problem of middle DL PDCCH missing but cannot deal with the last DL PDCCH missing issue. Several options were provided to solve it.

Blind detection by the eNB:

In this solution total DAI is not provided. The eNB will check if CRC can pass with different hypotheses of codebook size at the UE side. However, the CRC may pass even with different understanding of HARQ-ACK codebook size between eNB and UE; there is detailed analysis in [2]. This will increase NACK to ACK probability. Besides this, blind detection increases the receiver complexity significantly due to potentially large number of hypotheses.
UE informs eNB which HARQ-ACK codebook size based on the DMRS cyclic shift [5]:
It should be noted that one DMRS symbol per slot was agreed for PUCCH format 4 (new PUSCH-based format without CDM). The detection performance of one DMRS per slot may not be good enough, which will result in different understanding of HARQ-ACK codebook size between eNB and UE. The number of available cyclic shifts is theoretically 12, but usually only 6 shifts can be used for better orthogonal property between the DMRS sequences. How to map the cyclic shift to the codebook size is also unclear. Furthermore, the blind detection of the DMRS cyclic shift will introduce extra complexity of the eNB and this solution can’t be used when HARQ-ACK is transmitted on PUSCH because the cyclic shift of DMRS is controlled by the eNB for MU-MIMO. Hence, other means are needed when HARQ-ACK is transmitted on PUSCH, which makes the solution inconsistent in different scenarios.
Non-continuous counter DAI [3]:
The motivation of non-continuous counter DAI is to intentionally avoid the HARQ-ACK codebook size which would result in that missing 4 consecutive DL PDCCHs imply that the UE and eNB would assume different PUCCH formats. Currently, PUCCH format switching is only supported from PUCCH format 4 to PUCCH format 3 at a payload of 22 bits. Non-continuous counter DAI does address the issue of LAA carriers, nor the last DL PDCCH missing issue. Hence, the HARQ-ACK codebook ambiguity problem can’t be solved.
Predefined HARQ-ACK codebook sizes [6]:

Several sub-options were provided. 

1) A set of HARQ-ACK codebook sizes is predefined. The HARQ-ACK codebook size can only be selected from this predefined set, e.g. {22, 32, 40, 48, 56, …, 128}. The mismatch still happens when the number of scheduled carriers is close to the predefined codebook sizes. There is trade-off between the flexibility of HARQ-ACK codebook adaptation and the probability of HARQ-ACK codebook mismatch. That means if the flexibility of HARQ-ACK codebook size increases by reducing the granularity of codebook size value in the predefined set, the probability of HARQ-ACK codebook mismatch will also increase.
2) An optimized option for above idea is to divide the set of HARQ-ACK codebook sizes into two subsets and signal to which subset the codebook size belongs to through an extra codebook size indicator (CBSI) bit in the DCI. The codebook size for each subframe is the accumulated HARQ-ACK bits up to present subframe. CBSI is changed subframe by subframe according to different HARQ-ACK codebook size. If the number of scheduled carries in a subframe is small, the reliability of CBSI cannot be assured. Then the HARQ-ACK codebook size ambiguity exits.

3) The DAI ordering can also be used instead of the CBSI bit in TDD operation. First of all, it was agreed that Counter DAI is incremented in frequency-first-time-second. The order of counter DAI cannot be changed randomly. Even the DAI order can be changed in each subframe, the UE first tries to determine which ordering was used in present subframe, and then determine the codebook size accumulated to present subframe. If the number of carriers scheduled in the subframe is small, DAI ordering may be wrong decided due to missed some DAI which will result in wrong HARQ-ACK codebook size determination.
Mismatching still happens when the number of scheduled carriers is close to the predefined codebook sizes value for sub-option 2) and 3). 
In conclusion, the options without total DAI cannot solve the potential last DL PDCCH missing issue.
2.2.2 Different forms of total DAI
Total DAI in particular DL assignment(s)[6]
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[7]:
1) Using a DAI in the scheduled carrier with lowest index as the total DAI[6]
There is only one chance to transmit total DAI in each subframe at the scheduled with the lowest carrier index. The reliability of the total DAI cannot be guaranteed. UE may fail to detect the DCI format that includes the total DAI.
2) Using a DAI in the last ‘n’ carriers/subframes as the total DAI[7]
When the last ‘n’ carriers/subframes are used to transmit total DAI, the scheduled carrier index of the last ‘n’ carriers/subframes cannot be identified. Therefore ‘n’ NACK bits will be added at the end of the HARQ-ACK bit sequence if any of the last ‘n’ DL assignment is missing. This will result in unnecessary retransmission and throughput loss.
Total DAI in each DL assignment:
Two sub-options are provided:

1) Total DAI denotes the number of scheduled carriers/codewords
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Figure 2. Example of counter DAI and total DAI for FDD, using CC counter (left) with spatial bunlding or CW counter (right) without spatial bundling.
According to two alternatives of Counter DAI, there are also two alternatives for Total DAI. Total DAI Alt-1 denotes the total number of carriers/subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release within a feedback window, denoted as total CC. For total DAI Alt-2, the total number of codewords instead of total number of CCs is used, denoted as total CW.
Both counter DAI and total DAI are included in the PDCCH of each scheduled carrier, shown in Figure 2. Take Figure 2 (left) as an example, where 10 configured carriers are assumed, counter CC and total CC are used. It is also assumed that spatial bundling is applied so that only one HARQ-ACK bit is derived for each carrier whatever how many CWs are transmitted in the carrier. In Figure 2 (right), counter CW and total CW are used without any spatial bundling. This implies that the HARQ-ACK codebook size is determined according to the actual number of codewords scheduled. In both cases, the counter DAI helps UE to identify middle DL PDCCH missing issue, e.g. the DL PDCCH of CC4 missing in Figure 2. The total DAI is used to solve the last DL PDCCH missing issue, e.g. the DL PDCCH missing of CC10. If the UE does not detect any DL PDCCH in the subframe, it will not transmit any HARQ-ACK. The two alternatives of DAI (i.e., counter CC or counter CW) can also be used in TDD which is not reflected in Figure 3.
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Figure 3 Example of counter DAI and total DAI for TDD, using total DAI for all subframes.
For TDD, a counter DAI can help UE to identify middle missing between subframes (e.g. CC4 in subframe 1 in Figure 3) or within a subframe (e.g. CC3 in subframe 2 in Figure 3). Total DAI in Figure 3 denotes the total carriers/subframes scheduled within the cell/time domain bundling window. The total DAI here can solve the last missing issue directly even all the DL assignments in the last subframe (e.g. subframe 3 in Figure 3) missing. 
For TDD, the total DAI indicates the total number of DL PDCCHs in the bundling window. However as the eNB scheduler knows the buffer status for the UE, it is relatively simple to predict whether or not the UE will be scheduled in next subframe(s) of the bundling window. A possible case where the eNB would not be able schedule as many PDCCHs as indicated by the total DAI is equivalently handled as missing DL PDCCH assignments by the UE. 
If LAA carriers are not considered, the same principle of bit width reduction for counter DAI discussed by MOD operation in 2.1.2 can also be used for Total DAI.  
2) Total DAI indicating the expected total number of scheduled CCs/subframes 
To avoid a large bit width of the total DAI, e.g., to handle LAA carriers, an alternative solution is to use Total DAI indication mapping to the total number of scheduled cells. For example, Table 1 shows a possible total DAI indication and the corresponding number of cells for FDD. If the number of scheduled carriers is not included the table (i.e., it is an odd number), the value for the total DAI is selected assuming the number of scheduled cells is equal to the minimum value from the predefined table which is larger than the actual scheduled carriers.  For example, when 7 carriers are scheduled, the total DAI indication will be ‘11’, which points to 8 scheduled cells. This means the UE will feedback a NACK for one of the cells, since it thinks the last PDCCH is missed. However, the eNodeB knows about the NACK. In Table 1, if less than 8 consecutive DL assignments are missed, eNB and UE still have the same understanding of HARQ-ACK codebook size.
Table 1 Value of total DL assignment index
	Total DAI indication
MSB, LSB
	Total number of scheduled cells 

	0,0
	 2 or 10 or 18 or 26

	0,1
	4 or 12 or 20 or 28 

	1,0
	6 or 14 or 22 or 30 

	1,1
	8 or 16 or 24 or 32


For TDD, the total number of scheduled cells can be replaced by the total number of scheduled cells/subframes. The value in Table 1 can be extended to the maximum number of HARQ-ACK transmission, e.g 319. On the other hand, total number of codewords can also be indicated according to the type of counter DAI.

Considering an indication of total number of scheduled cells shown in Table 1, a 2-bit Total DAI is sufficient. The overhead of the Total DAI can be acceptable. 

Proposal 3: A total DAI using 2 bits is included in each DL assignment
The following use case for the total DAI could be considered:
· If LAA carriers are not configured:
•For FDD, the total DAI denotes the total number of CCs or the total number of codewords, associated with PDSCH transmission and with PDCCH/EPDCCH indicating DL SPS release in the subframe
•For TDD, the total DAI denotes the total number of CCs/subframes or the total number of codewords associated with PDSCH transmission and with PDCCH/EPDCCH indicating DL SPS release within a bundling window
· If LAA carriers are configured:
•For FDD, the total DAI indicates the total number of scheduled cells or codewordds in the subframe

•For TDD, the total DAI indicates the total number of CCs/subframes or codewords within a bundling window
2.3 Ambiguity of HARQ-ACK codebookin case of spatial bundling
Since it has be agreed that the maximum number of HARQ-ACK for FDD is 64 for 32 carriers, spatial bundling is expected to be not supported for FDD considering performance loss in [9]. Therefore, the counter DAI for FDD is denoted as the number of code words. For TDD, if total codebook size indicated by Total DAI field in DCI is larger than 319, spatial bundling is applied; if total codebook size indicated by Total DAI field in DCI is no more than 319, spatial bundling is not applied. 
In Figure 4, only one subframe within the TDD HARQ-ACK feedback window is shown in this example. With the counter CW and total CW, the UE cannot distinguish the scenarios of Case A and Case B when spatial bundling is applied. Thus spatial bundling cannot be applied when counter CW and total CW is used. On the other hand, spatial bundling may work with counter CC and total CC is used. One solution to solve this ambiguity is therefore that eNB indicates whether spatial bundling is needed to be applied to the UE. The eNB knows the HARQ-ACK codebook size, the number of allocated PUCCH resources and whether spatial bundling is needed. If spatial bundling is not applied, counter CW can be used in the DL PDCCH. If spatial bundling is applied, counter CC can be used in the DL PDCCH. Since spatial bundling is suitable for large HARQ-ACK payloads, it would be desirable to support DAIs using counter CC and total CC. At the same time, mandating spatial bundling may not be necessary, hence it would be desirable to also support DAIs using counter CW and total CW.  
Another option to solve codeword issue is, e.g. grouping the carriers according the number of codeword [8] can also be considered. There is no ambiguity of HARQ-ACK codebook size with this solution.
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Figure 4 Example of ambiguity of CW counting when spatial bundling is applied.
Proposal 4: The counter DAI and Total DAI in case of FDD Pcell CG is denoted as the number of codewords. Counter DAI and Total DAI in case of TDD Pcell CG is denoted as the number of CCs/subframes or the number of CWs according to an indicator in the DCI. 
2.4 DAI in UL grant
DAI in UL grant in current specification represents the total number of subframes with PDSCH transmissions and with PDCCH/EPDCCH indicating downlink SPS release in each carrier separately. Total DAI discussed above plays the similar role of DAI in UL grant in current specification. Therefore, DAI field in UL grant can be used by eNB to ensure the common understanding between UE and eNB on the HARQ-ACK codebook size.

Proposal 5: The function of UL DAI is the same as total DAI.
2.5 Issue about DAI related Power control command for TDD
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Figure 5 TPC field function in Rel-10 CA
The TPC field is originally designed for transmitting power control command. TPC field in the DL assignment is used for PUCCH power control. In Rel-10 CA, only one PUCCH is supported and only one TPC field needs to be used for PUCCH power control. The TPC in the PCell with DAI=1 is utilized for power control for TDD. Other TPCs including TPC in PCell with DAI>1 and all TPCs in SCells are used as ARI to indicate PUCCH resource, illustrated in Figure 5. The same ARI value is transmitted in all PDCCHs. This principle must also apply to Rel-13. Otherwise, there could not only be error cases regarding the HARQ-ACK codebook size, but also the PUCCH resource. For example, if the UE would detect an ARI indicating 4 PRBs while the eNB assumes the correct ARI indicates 1 PRB, there will be intra-cell interference. 

Observation 1: The same ARI value has to be contained in all PDCCHs in the bundling window. 
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Figure 6 TPC for PUCCH power control in Rel-13 CA

In Rel-13 CA, counter DAI is agreed to be incremented in frequency-first-time-second manner for TDD PUCCH CG. Different from Rel-10 CA DAI, the counter DAI values on PCell in Rel-13 CA may not to be equal to 1, which will impact the power control. At least four ways could be considered for handling this:

· If the UE can determine that there is no missing (E)PDCCH on the PCell prior to the first received (E)PDCCH on the PCell, TPC commands are obtained from the first received (E)PDCCH on the PCell. But it is not easy to do that without any other indication. 
· Counter DAI is incremented in frequency-first-time-second manner and is not confined to PCell. Therefore according to counter DAI, UE may not be able to always find out whether a missed DL assignment is in the PCell or not.
· The existing time-domain DAI field is kept and a separate field is added for the Counter DAI  
· The TPC field with DAI=1 is used to PUCCH power control no matter it is on the Pcell or SCell.

· If the DAI=1 in all DCIs received for the SCells (either because only 1 SCell was scheduled, or because the UE misses DCIs with DAI>1), there would be no ARI.
· Another function indication for TPC field could be introduced to indicate whether the TPC field is used to PUCCH power control or PUCCH resource selection. 
Observation 2: Indication of TPC field for PUCCH power control may need to be resolved. 
3 Conclusion

In this contribution, we discussed remaining issues of dynamic HARQ-ACK codebook determination for CA with up to 32 CCs and reached following proposals and observations:
Proposal 1: The counter DAI comprises 3 or 4 bits.

Proposal 2: DL DAI should be replaced by the counter DAI for TDD.
Proposal 3: A total DAI using 2 bits is included in each DL assignment.

Proposal 4: The counter DAI and Total DAI in case of FDD Pcell CG is denoted as the number of codewords. Counter DAI and Total DAI in case of TDD Pcell CG is denoted as the number of CCs/subframes or the number of CWs according to an indicator in the DCI. 
Proposal 5: The function of UL DAI is the same as total DAI.
Observation 1: The same ARI value has to be contained in all PDCCHs in the bundling window. 
Observation 2: Indication of TPC field for PUCCH power control may need to be resolved
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