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1. Introduction

In RAN1 #82b, the following agreements for HARQ-ACK feedback for up to 32 component carriers CA are 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, the dynamic HARQ codebook size determination schemes are discussed for both TDD and FDD. 

2. DAI based solution for dynamic codebook size determination
Since it was agreed that the HARQ-ACK codebook size is dynamically determined, it is important to ensure the same understanding by both eNB and UE on both the number of scheduled CCs and the number of transmission codewords on each CC. For FDD, the downlink transmission subframe and uplink feedback subframe can be one-by-one mapped, while for TDD, multiple downlink transmissions may need to be feedback on the same uplink subframes, depending on the TDD configurations. Considering the difference of HARQ feedback between TDD and FDD, the solutions for FDD and TDD are different.   

2.1 DAI based solution for FDD carriers

For FDD, a counter DAI and a total DAI may be necessary, so as to avoid the misunderstanding caused by missed detection of some codewords in the middle of the scheduled carriers and in the last scheduled carrier of the downlink subframe. Specifically, the counter DAI can represent the accumulated number of codewords, and the total DAI can be used to reflect the total number of codewords in the downlink subframe. 
To support exact DAI reflecting the total number of transmit codewords and counter DAI, 6 bits are required, to account for maximum of 32 CC CA, and each CC with 2 codewords transmission. One example of such full indication is shown in Table 1. In this example, the total codewords scheduled in considered downlink subframe is 11, i.e., counter_DAI = 11. The counter DAI changes for each CC, according to the scheduling status. 
If the overhead of 6 bits can not be afforded, the cyclic indication principle that has been applied for the DAI design in Rel-10 for TDD can be applied to reduce overhead. For example, if 2 bits is allowed for each DAI, at most 4 states is allowed. By utilizing the cyclic indication principle, the example shown in Table 1 can be modified as that in Table 2.
	Table 1. Example of DAI for FDD with 6 bits for each DAI

	CC index
	Scheduled or not
	Number of codewords per CC
	DAI（total DAI, counter DAI）

	1
	yes
	2
	(11,2)

	2
	no
	 
	 

	3
	yes
	1
	(11,3)

	4
	no
	 
	 

	5
	no
	 
	 

	6
	yes
	1
	(11,4)

	7
	no
	 
	 

	8
	no
	 
	 

	9
	yes
	2
	(11,6)

	10
	yes
	1
	(11,7)

	11
	no
	 
	 

	12
	yes
	2
	(11,9)

	13
	yes
	2
	(11,11)


Table 2. Example of DAI for FDD with 2 bits for each DAI

	CC index
	Scheduled or not
	Number of codewords per CC
	DAI（total DAI, counter DAI）

	1
	yes
	2
	(3,2)

	2
	no
	 
	 

	3
	yes
	1
	(3,3)

	4
	no
	 
	 

	5
	no
	 
	 

	6
	yes
	1
	(3,4)

	7
	no
	 
	 

	8
	no
	 
	 

	9
	yes
	2
	(3,2)

	10
	yes
	1
	(3,3)

	11
	no
	 
	 

	12
	yes
	2
	(3,1)

	13
	yes
	2
	(3,3)


Proposal 1: For FDD carrier, a counter DAI is suggested to be added to represent the accumulated number of codewords in the downlink subframe, and a total DAI is added to reflect the total number of codewords in the downlink subframe.
2.2 DAI based solution for TDD carriers
For TDD carriers, considering that one UL subframe of Pcell may contain the A/N of multiple DL subframes,  the overhead of A/N may be overwhelm when many carriers are scheduled for transmission in each DL subframe. Thus it is suggested to allow spatial bundling to be applied to reduce the feedback overhead. Whether the spatial bundling is applied or not can be signalled by RRC signalling or dynamic DCI signalling.

Similar as that of FDD, counter DAI and total DAI are also necessary for TDD. If the spatial bundling is enabled by eNB, the DAI represents the indices of carriers, and if the spatial bundling is disabled, the DAI represents the indices of codewords. In the following we consider the case that the spatial bundling is disabled. The analysis can be extended to the case with spatial bundling.
Regarding to the total DAI, since it is not practical to assume that the total number of scheduled codewords in the TDD feedback window can be predicted, two alternatives can be considered:

· Alt.1: The total DAI reflects the total number of codewords in each downlink subframe;  
· Alt.2: The total DAI reflects the total number of codewords up to transmitted subframe within a feedback window 
For the counter DAI, it is suggested to let the DAI to represent the accumulated number of codewords in the whole feedback window, which helps UE to discover the possible missed detection of whole subframe in the middle part of the feedback window. 

With the above total DAI and counter DAI, the UE is still possible to have a different understanding on the scheduled number of codewords as that of eNB, if the last subframe in feedback window is missed. To eliminate such error case, one additional total DAI may be necessary to be added in the DCI of the DL subframe indicating the UL grant after the feedback window. The total DAI can tell UE the actual total scheduled number of codewords, so as to avoid the misunderstanding caused by miss detection of the last subframe in the feedback window.  
Table 3 and Table 4 are two examples for Alt.1 and Alt.2 of the total DAI, respectively.  In the example, spatial bundling is disabled, and 10 carriers CA are configured, with dynamic scheduling of each CC. Consider 2 codewords to be transmitted on each CC for TDD configuration 2. The cyclic indication of DAI is considered with cycle period of 4. 
Table 3. Example of DAI for TDD with total DAI in Alt.1
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Table 3. Example of DAI for TDD with total DAI in Alt.2
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Proposal 2: For A/N feedback of TDD carriers with up to 32 CCs CA, it is suggested to allow spatial bundling to be applied to reduce the feedback overhead. Whether the spatial bundling is applied or not can be signalled by RRC signalling or dynamic signalling.

Proposal 3: For TDD carrier, a counter DAI is suggested to be added to represent the accumulated number of codewords/CCs in the whole feedback window. A total DAI needs to be added to reflects either the total number of codewords/CCs in each dowlink subframe, or the total number of codewords/CCs up to transmitted subframe within a feedback window. 

Proposal 4: For TDD carrier, one additional total DAI may be necessary to be added in the DCI of the DL subframe indicating the UL grant after the feedback window, so as to avoid the misunderstanding caused by miss detection of the last subframe in the feedback window.  
3. Conclusions 

In this contribution, considerations on dynamic codebook size determination based on explicitly DAI indication are discussed, and the following proposal provided: 

Proposal 1: For FDD carrier, a counter DAI is suggested to be added to represent the accumulated number of codewords in the downlink subframe, and a total DAI is added to reflect the total number of codewords in the downlink subframe.
Proposal 2: For A/N feedback of TDD carriers with up to 32 CCs CA, it is suggested to allow spatial bundling to be applied to reduce the feedback overhead. Whether the spatial bundling is applied or not can be signalled by RRC signalling or dynamic signalling.

Proposal 3: For TDD carrier, a counter DAI is suggested to be added to represent the accumulated number of codewords/CCs in the whole feedback window. A total DAI needs to be added to reflects either the total number of codewords/CCs in each dowlink subframe, or the total number of codewords/CCs up to transmitted subframe within a feedback window. 

Proposal 4: For TDD carrier, one additional total DAI may be necessary to be added in the DCI of the DL subframe indicating the UL grant after the feedback window, so as to avoid the misunderstanding caused by miss detection of the last subframe in the feedback window.  
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