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Introduction
In RAN1#82bis, the following agreement was reached about HARQ-ACK codebook adaptation [1]:
· 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

This contribution addresses the FFS aspects of dynamic HARQ-ACK codebook adaptation (solution ‘a’ of the above agreement).
Analysis of DAI based solutions
In order to reduce the feedback payload for a UE configured with up to 32 carriers, but served only by a subset of carriers, dynamic HARQ-ACK feedback was deemed a necessary feature. Robustness of codebook determination along with flexibility to achieve finer codebook granularity were determined to be the main design criteria.
It was concluded that in order to achieve dynamic HARQ-ACK codebook, a DAI-based solution would be used. Many different flavors of DAI based dynamic codebook solutions were proposed [2-5]. The main drawback of DAI-based solutions is lack of robustness in terms of a UE being able to detect all appropriate downlink assignments within a bundling window. The Counter DAI solution increments by 1 for every assignment (in order of increasing serving cell ID first and then subframe second). A DAI-based solution using n=2 bits means that a UE cannot resolve any 2n=4, or greater, consecutive missing assignments. Furthermore, the Counter DAI solution does not enable a UE to determine a final DL assignment.
In order to alleviate the second problem, a Total DAI has been proposed. Such a solution can enable a UE to determine the total number of assignments in a subframe (or bundling window) and therefore can possibly enable a UE to determine if there is one or more missing last assignments. Depending on the granularity of the Total DAI, the UE may not be able to determine if a certain amount of consecutive last assignments are missing. Furthermore, even the combined Total DAI and Counter DAI does not enable a UE to resolve 2n consecutive missing assignments. Some interpretations of Total DAI can increase the number of consecutive missing assignments a UE can resolve [2]. However, this comes at a cost of reducing granularity of Total DAI while maintaining a high Total DAI payload.
Remaining DAI
A Remaining DAI (R-DAI) can indicate a countdown to the last assignment. Note that this is not simply a re-ordering of a Counter DAI. It can be used to resolve a last assignment. Figure 1 shows an example of a Remaining DAI with m=2 bits for the case where a UE is scheduled with 10 carriers (out of 12 configured carriers) in a subframe. The Remaining DAI alone suffers similar shortcomings as the Counter DAI. For example it doesn’t allow a UE to determine whether it has detected a first assignment, and it doesn’t enable the UE to resolve 2m consecutive missing assignments.


[bookmark: _Ref434483922]Figure 1. Remaining DAI (R-DAI).
Counter DAI combined with repeated Remaining DAI
The Remaining DAI can be used in combination with a Counter DAI. This ensures a UE can determine a missing first and last assignment. When the Remaining DAI is used in combination with the Counter DAI, it is beneficial to repeat the Remaining DAI over r consecutive assignments. With a proper choice of r, this allows reducing the number of bits required for the combination of Counter DAI and Remaining DAI for a given level of robustness in terms of maximum number of missing consecutive assignments.
More specifically, a Counter DAI of m bits combined with a Remaining DAI of n bits repeated over r consecutive assignments allows for the resolution of a number of consecutive missing assignments equal to the least common multiple of  and  (i.e. for r=3, m=1 and n=2, the UE can resolve 12 consecutive missing assignments)
Figure 2 shows an example of a combined Counter DAI of 2 bits with a Remaining DAI of 1 bit repeated in 3 consecutive assignments (i.e. r=3 and m=1 and n=2), for 14 scheduled assignments in total (both carrier and time domain). It is seen that the pattern of combined Counter DAI and Remaining DAI only repeats every 12 assignments.


[bookmark: _Ref434484744]Figure 2. Combined Counter DAI (n=2 bits) with Remaining DAI (m=1 bit) repeated in 3 consecutive assignments (r=3).

In Table 1 we compare the robustness of different DAI solutions with different payloads.
[bookmark: _Ref434487868]Table 1
	DAI Solution
	DAI Payload
	Robustness

	n bits Counter DAI
	n=2 or 3
	· Up to 2n consecutive missing assignments.
· Cannot resolve a missing last assignment.

	n bits Counter DAI Codebook size indicated by DAI ordering [5]
	n=2 or 3
	· Up to 2n consecutive missing assignments.
· Does not need to resolve a last missing assignment.
· Missing assignments may make the DAI ordering ambiguous.

	n bits Counter DAI and 
l bits Last assignment indicator
	n=2 or 3
l=1 or 2
	· Up to 2n consecutive missing assignments.
· Up to 21 last missing assignments.

	n bits Counter DAI and
t bits Total DAI
	n+t= 3, 4, 5, or 6
	· Up to 2n consecutive missing assignments.
· Up to 2t last missing assignments.
· Might be ambiguity if only one of Counter DAI or Total DAI is transmitted in any assignment.

	n bits Counter DAI and
m bits Remaining DAI
	n+m=3, 4, or 5
	· Up to the least common multiple of (, ), where r is the number of times the Remaining DAI is repeated in consecutive assignments (r < 2n).
· Up to  last missing assignments.



[bookmark: _GoBack]With a Remaining DAI repeated r times, receiving less than r assignments over all subframes and carriers would result in the UE interpreting that at least one last assignment is missing, such that the minimum codebook size corresponds to the value of 2r. However in practice the value of r is very small (e.g. 3) such that the minimum codebook size is anyway smaller than the payload of PUCCH format 3. Hence this does not constitute a drawback.
It is seen that using a combination of Counter DAI and Remaining DAI requires less payload to achieve better robustness than that achieved by increasing the Counter DAI bit field and using a Total DAI. For example 2 bits for Counter DAI and 1 bit for Remaining DAI can resolve up to 12 consecutive missing assignments and up to 6 missing last assignments for r=3. On the other hand, 3 bits for Counter DAI and 2 bits for Total DAI can only resolve up to 8 missing assignments and up to 4 missing last assignments. Some additional examples are shown in the Table below.

	2 bits Counter DAI and
1 bit Total DAI
	3 bits total
	· Up to 4 consecutive missing assignments.
· Up to 2 last missing assignments.

	2 bits Counter DAI and
2 bits Total DAI
	4 bits total
	· Up to 4 consecutive missing assignments.
· Up to 4 last missing assignments.

	3 bits Counter DAI and 
2 bits Total DAI
	5 bits total
	· Up to 8 consecutive missing assignments.
· Up to 4 last missing assignments.

	2 bits Counter DAI and
1 bit Remaining DAI (r=3)
	3 bits total
	· Up to 12 consecutive missing assignments
· Up to 6 last missing assignments.



Observation: A combined Counter DAI and Remaining DAI results in better robustness than a combined Counter DAI and Total DAI, for lower overhead.
In view of this we propose the following for dynamic HARQ-ACK codebook adaptation (“solution (a)”), where existing part of the agreement is shown in gray.
Proposal: Dynamic HARQ-ACK codebook adaptation is achieved using the following solution:
· Counter DAI in each DL assignment of one CG is used.
· 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
· 2 bits are used for Counter DAI
· Remaining DAI in each DL assignment of one CG is used.
· Remaining DAI is incremented starting from the last assignment of the Counter DAI sequence
· Remaining DAI is repeated in 3 consecutive assignments
· 1 bit is used for Remaining DAI
Conclusion
We discuss DAI-based solutions to achieve robust dynamic HARQ-ACK codebook adaptation. After looking at the required payload and robustness of different DAI based solutions, we have the following observation and proposal:
Observation: A combined Counter DAI and Remaining DAI results in better robustness than a combined Counter DAI and Total DAI, for lower overhead.
Proposal: Dynamic HARQ-ACK codebook adaptation is achieved using the following solution:
· Counter DAI in each DL assignment of one CG is used.
· 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
· 2 bits are used for Counter DAI
· Remaining DAI in each DL assignment of one CG is used.
· Remaining DAI is incremented starting from the last assignment of the Counter DAI sequence
· Remaining DAI is repeated in 3 consecutive assignments
· 1 bit is used for Remaining DAI
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