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1 Introduction

In the last RAN1 meeting, the following agreements on HARQ-ACK codebook determination were achieved [1]:
Agreements:
· 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 this contribution we will discuss the FFS issues and give our views.
2 Number of bits for counter DAI
The number of bits for the counter DAI can be subject on how to solve TM ambiguity issue for the CC(s) on which the UE missed the DL assignment(s). In the email discussion thread [82-03] numerous solutions were proposed for this issue [2]. In [3] the tradeoffs for each of the solutions were analyzed. Opt. 1.2.6 (configurability between per-CW DAI and spatial bundling) is preferable as it can solve the TM ambiguity issue with minimal side effects, such as introducing additional error cases or increasing resource consumption on the feedback channel. This option is advantageous and it is equivalent to configuring spatial domain bundling. For UEs in good channel condition, spatial domain bundling configuration (not yet agreed for eCA) can be disabled to maximize DL throughput while for interference/power-limited UEs, spatial domain bundling (if agreed) can be enabled to improve link budget.
Assuming the Rel-12 TDD DAI value modulo operation is reused, this solution requires increasing the number of counter DAI bits from 2 to 3 (only 1 additional bit in contrast to other solutions) in order to identify at least up to 3 contiguous missed DL assignments. As a UE that is configured with more than 5 CCs is typically in good DL channel condition, 1 bit increase in the DL DCI format size is acceptable (marginal/no impact on the (E)PDCCH capacity).
In Rel-12 CA, if HARQ-ACK is transmitted in PUCCH or PUSCH without UL DAI, spatial bundling is decided based on the total number of HARQ-ACK bits calculated based on configured CCs and the respective TMs; if HARQ-ACK is transmitted in PUSCH with UL DAI, spatial bundling is decided based on the total number of HARQ-ACK bits calculated based on UL DAI, configured CCs and respective TMs. 
For eCA, it is also beneficial to support the switching between per-CW DAI and spatial bundling. UE can calculate the total number of HARQ-ACK bits based on configured CCs and the respective TMs and if the total number of HARQ-ACK bits is more than X, spatial domain bundling is used; otherwise, spatial is not used. This is the same as for HARQ-ACK transmission in Rel-12 CA without UL DAI. Per-CW DAI or spatial domain bundling can also be configured by RRC signaling.
Proposal 1: Configurability between per-CW DAI and spatial bundling should be supported, and the number of bit for counter DAI should be 3 bits.  
3 Total DAI
As the counter DAI cannot ensure that a UE is always aware of missed DL assignment(s) for the CC(s)/subframe(s) at the end of bundling window, a total DAI is also considered to ensure/enhance common understanding between the eNB and UE for the HARQ-ACK codebook size. 
In case of FDD PUCCH CG, the total DAI field in each DL assignment can completely solve the ambiguity. For TDD PUCCH CG case, if there are not enough scheduled CCs (e.g. 4 or more) in the last subframe(s) of bundling window, the probability that UE may miss all DL assignments in those subframe(s) is not negligible. Common understanding for the HARQ-ACK codebook size between eNB and UE cannot be ensured even though the total DAI is included in the DL DCI formats. Nevertheless, the total DAI is still beneficial as the probability of the UE missing all DL assignments in the last subframe(s) is low (at most 1% when only one DL assignment is transmitted in the last subframe – this should also be conditioned on the probability that only 1 DL assignment is transmitted in the last subframe making the overall probability less than 1%) and if eNB targets a somewhat lower BLER for the last DL assignments this probability can be further reduced. Alternatively, a total DAI can be omitted and the eNB can simply target a lower BLER for the last DL assignment, or do nothing and operate with a somewhat larger total HARQ-ACK BLER (~2% instead of 1%, assuming 1% DL assignment BLER), or do blind detection, etc.
For example, assuming that at most 3 DL assignments are transmitted in the last subframe (otherwise, the error event probability of the UE not knowing the total DAI is considered negligible), 4 hypotheses need to be detected by the eNB: (a) UE detects all DL assignments (H1), (b) UE misses the last one DL assignment (H2), (c) UE misses the last two DL assignment (H3), and (d) UE misses last 3 DL assignments (H4). The probability of H1, H2, H3, and H4 are 0.9901, 0.0098, 1e-4 and 1e-6 respectively (for 1% DL assignment BLER). The eNB can perform the hypothesis testing according to the probability of the different hypotheses, i.e. detect H1 first, then H2 if H1 cannot pass CRC, and so forth. The additional detection complexity is only 1%.  
Proposal 2: Total DAI field is included in DL DCI formats. 
4 Conclusions

In this contribution we discussed the FFS issues for HARQ-ACK feedback, the following proposals are made.
Proposal 1: Configurability between per-CW DAI and spatial bundling should be supported, and the number of bit for counter DAI should be 3 bits.  
Proposal 2: Total DAI is included in DL DCI formats.
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