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1 Introduction
In Rel-13 the aggregation of up to 32 carriers is supported. For HARQ-ACK feedback, the agreements are achieved as follows [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
In this document, we share our views on dynamic HARQ-ACK codebook determination for Rel-13 CA.

2 Dynamic HARQ-ACK codebook determination 
In the last RAN1 meeting, the counter DAI is agreed to indicate the possible missed grant. For the number of bit for counter DAI, there are different opinions. For LAA scenario, 2bits can not be sufficient, because conditions of unlicensed carriers are not stable. Even eNB prepares to send scheduling grant for a UE for some unlicensed carriers, these carriers are LBT busy. 2 bits counter DAI can not distinguish more than 4 missed consecutive grants due to modulo operation. Unfortunately, for LAA scenario this condition can occur frequently. Thus we suggest 3-4bits counter DAI can be introduced in dynamic HARQ-ACK codebook determination to avoid potential different understanding between eNB and UE. For 3bits counter DAI, mistake can occur when consecutive 8 grants are missed. The error condition occurs rarely. Furthermore, 4 bits counter DAI can provide more robustness. For DAI payload size increase, we think this is not a serious problem, because counter DAI is added to DL DCI. For Rel-13CA, DL is not power-limited scenario. Moreover, DCI can be transmitted in DL DCI of unlicensed carrier. Therefore 3-5bits counter DAI can be accepted.

Proposal 1: Number of bit for counter DAI can be 3-4 bits.
For dynamic HARQ-ACK codebook determination, another issue is the last grant miss detection. Some solutions are proposed which can be classified into the following types.  

Option 1: adding total DAI in each assignment of one CG 
This option adds total DAI counter field in each DL grant. Usually, for the large number of carriers, the required number of bits is more. Especially, this field only helps detect the missed grant for last one or some grants. Compared to signalling overhead, necessity of total DAI in each assignment is not obvious. 
Option 2: based on the configured CCs subset 
This method configures subset of CCs, in which the number of CCs is less than 32. UE feeds back the A/N according to the configured CCs subset. This method can maintain the same understanding about HARQ codebook between eNB and UE. However, for un-scheduled CCs in some CCs subset in some subframes, unnecessary ACK still be fed back. Moreover, the scheduling is only restricted in the configured CCs subset, which brings inflexible scheduling for eNB. 
Option 3: adding 1 bit last downlink assignment indicator

This method adds 1 bit to indicate the last downlink assignment, which can inform UE the last one or some grants. To prevent the missed grant of last scheduling, transmission can be repeated by x times. X value can be configured by RRC signalling. Robust can be guaranteed while signalling overhead is small.
Proposal2: Adding 1 bit last downlink assignment indicator. This bit is repeated by x times. X is configured by RRC.
To further ensure the common understanding between UE and eNB on the total codebook size, UL DAI in UL grant can be used to indicate the total codebook size within bundling window, which is the similar to previous release. When no UL grant is scheduled, we suggest indicating the last downlink assignment as above mentioned. ENB triggering a UL grant to ensure the common understanding on the total codebook size is not necessary when there is no UL scheduling. If a UL grant is triggered by eNB, this grant still can be missed. More repeated UL grant transmission still can be required even if there is no UL service. This leads the wasted PDCCH resource.
Proposal3: UL DAI in UL grant can be used to indicate the total codebook size. ENB trigger UL grant to ensure the common understanding on the total codebook size is not necessary when there is no UL scheduling.  
When one grant is missed, UE can not distinguish whether the grant come from one carrier with 1TB or another carrier with 2TB. Ambiguity occurs for A/N payload determination. From DL performance perspective, both spatial bundling and no spatial bundling should be supported, like in the previous specification. For solving this issue, some method can be considered, for example, counter DAI is based on the number of codewords, and so on. Thus we suggest spatial bundling should be configurable function. Granularity of codebook is based on the configured spatial bundling mode.
Proposal 4: Both spatial bundling and no spatial bundling should be supported. Granularity of codebook is based on the configured spatial bundling mode.
3 Conclusions

In this document, we discussed dynamic HARQ-ACK codebook determination for Rel-13 CA. We suggest:

Proposal1: Number of bit for counter DAI can be 3-4 bits.
Proposal2: Adding 1 bit last downlink assignment indicator. This bit is repeated by x times. X is configured by RRC.
Proposal3: UL DAI in UL grant can be used to indicate the total codebook size. ENB trigger UL grant to ensure the common understanding on the total codebook size is not necessary when there is no UL scheduling.
Proposal 4: Both spatial bundling and no spatial bundling should be supported. Granularity of codebook is based on the configured spatial bundling mode.
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