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1 Introduction
Rel-13 CA WI aims to support aggregating up to 32 serving cells in the DL. Correspondingly, the number of HARQ-ACK feedback bits in an UL subframe is significantly increased compared to Rel-12 CA where at most 5 serving cells can be aggregated by a UE. It was agreed in RAN1 #81 that 
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits

· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits

Therefore, it has been considered in many contributions [1] – [7] that the HARQ-ACK codebook shall be determined based on the number of scheduled serving cells rather than the number of configured serving cells as in Rel-12. In this contribution, we share our views on HARQ-ACK codebook determination for Rel-13 CA when a large number of serving cells are aggregated by the UE. 
2 Motivations for adaptive HARQ-ACK codebook
Up to Rel-12, the HARQ-ACK codebook size is determined based on the number of configured serving cells. RM encoding is used as the channel coding scheme for HARQ-ACK transmission. Furthermore, the required PUCCH transmission is dependent on the number of received PDSCH rather than the configured serving cells. The motivations for such a design for CA up to Rel-12 are as following:

· The HARQ-ACK detection performance requirement is high, i.e. 1% ACK missing probability, 0.1% NAK-to-ACK error probability, and 1% DTX-to-ACK error probability. Therefore, it is important to ensure a common understanding on the HARQ-ACK codebook between the eNB and UE.

· The number of HARQ-ACK bits transmitted in an UL subframe is limited to 21. Therefore, it is more efficient to adopt block codes as the channel coding scheme.

· The a priori scheduling information available at the eNB can be used to improve the HARQ-ACK detection performance, if the number of scheduled serving cells is less than the number of configured serving cells. Therefore, the PUCCH transmission power for HARQ-ACK can be based on the number of received PDSCH. Further, block codes allow easy implementation at the eNB side to utilize the a priori scheduling information, e.g. the a priori scheduling information can be used to reduce the ML decoding hypothesis without big impacts on the decoding algorithm.
For Rel-13 CA where a maximum of 32 serving cells can be aggregated in the DL, the following aspects motivate to reconsider whether it is beneficial to adaptively determine the HARQ-ACK codebook in an UL subframe based on the serving cells on which PDSCH is received:

· The number of HARQ-ACK feedback bits in an UL subframe is significantly increased. Therefore, TBCC has been agreed as the channel coding scheme for HARQ-ACK in Rel-13 CA.
· Although the a priori scheduling information at eNB can still be utilized to improve the HARQ-ACK detection performance [8], it requires a change on the implementation of TBCC decoder, e.g. the Viterbi decoder. If such eNB detection algorithm is not mandated, it is no longer valid to assume that eNB always utilizes the a priori scheduling information to improve HARQ-ACK detection performance. 

· The PUCCH transmission power shall then be determined based on the HARQ-ACK codebook size, assuming all bits in the HARQ-ACK codebook are information bearing bits. On the other hand, if the HARQ-ACK codebook size is determined based on the number of configured serving cells, the required amount of PUCCH transmission power is wasted in an UL subframe if the number of scheduled PDSCH is far less than the number of configured serving cells.

Therefore, with the current agreements on Rel-13 CA regarding HARQ-ACK feedback, it is motivated to consider HARQ-ACK codebook adaptation based on the serving cells on which PDSCH is received.
Proposal 1: It is supported to adapt the HARQ-ACK codebook based on the serving cells on which PDSCH is received in Rel-13 CA.
3 Alternatives for adaptive HARQ-ACK codebook
To achieve adaptive HARQ-ACK codebook based on the set of scheduled serving cells, additional DL control information needs to be provided in the DCI. When designing the detailed HARQ-ACK adaptation scheme, the following aspects need to be considered carefully:
· As the requirement of HARQ-ACK detection is high, it is still important to ensure that the eNB and UE have a common understanding on the HARQ-ACK codebook with sufficient reliability.

· The overhead of additional DL control information needs to be at a reasonable level.
· The scheme for HARQ-ACK codebook adaptation shall accommodate flexible eNB scheduling. Schemes that put significant eNB scheduler restrictions shall be avoided to the possible extent.
· The HARQ-ACK codebook adaptation scheme shall aim to maximally reduce the number of unnecessary HARQ-ACK bits in the HARQ-ACK codebook, i.e. to maximize the gain of HARQ-ACK codebook adaptation. 

The available schemes discusses in [1] – [7] can be roughly categorized into the following:
· Alt 1: DL control information indicates the set of scheduling serving cells
· Alt 2: DAI based schemes for HARQ-ACK codebook adaptation

With Alt 1, some fields in the DL grant indicates the set of serving cells for which HARQ-ACK shall be provided. For example, with 2-bit information, a total of 4 sets of serving cells are available for HARQ-ACK codebook adaptation. However, a much larger number of bits are needed to indicate the set of serving cells for HARQ-ACK codebook adaptation, if no significant eNB scheduler restriction is applied and if the gain of HARQ-ACK codebook adaptation is to be maximized. To the extreme case, a bit map is needed to indicate whether each of the configured serving cell is scheduled with PDSCH or not, leading to 32 required bits in the DCI for HARQ-ACK codebook adaptation, which significantly increases the DL control overhead.

With Alt 2, DAI based scheme is adopted for HARQ-ACK codebook adaptation. In order for the UE to detect any missed DL grant, the following two DL control fields can be used [1]:

· a cell domain DAI (named C-DAI to be differentiated from the existing time domain DAI for Rel-8 TDD) indicating the accumulative number of serving cells scheduled PDSCH in a DL subframe; and

· a cell domain total assignment indicator (named C-TAI) indicating the total number of scheduled serving cells in a DL subframe

The combination of C-DAI and C-TAI allows the UE to detect whether there is any missed DL grants in the subframe. Furthermore, considering that the error probability of PDCCH miss-detection is expected to be weakly correlated across different serving cells, 2 bits are expected to be sufficient for C-DAI and C-TAI each, i.e. modulo operation is applied for C-DAI and C-TAI similar to Rel-8 TDD DAI design.
For a HARQ-ACK feedback window containing more than one DL subframe, the value of the C-DAI and C-TAI shall be determined on a per DL subframe basis. This allows the eNB to perform DL scheduling on a per subframe basis. It is noted that with a large number of configured/activated serving cells, the complexity for eNB scheduler is also increased. It is therefore preferable not to mandate that the eNB decides its scheduling decision for all configured/activated serving cells and for all subframes in the HARQ-ACK feedback window at the same time instance before the first DL subframe in the HARQ-ACK feedback window. The HARQ-ACK codebook for each DL subframe in the feedback window is then concatenated to form the HARQ-ACK codebook of the feedback window.
It is also necessary to consider serving cells with TM supporting up to two TBs and serving cells supporting up to one TB in a PDSCH [6]. With C-DAI and C-TAI, a misunderstanding between the eNB and UE on the HARQ-ACK codebook may occur if some DL grant is missed. An example is shown in Figure 1. eNB schedules PDSCH on 4 out of the 10 configured serving cells. The UE misses the DL grant for the PDSCH on serving cell 6, thus only receiving the PDSCH on serving cells 1, 4, and 7. From the IC-DAI value (i.e. the value indicated by the C-DAI bit field) for serving cell 4 and 7 (i.e. 2 and 4 respectively), the UE knows that it misses one DL grant, which may schedule PDSCH either on serving cell 5 or 6. However, the UE cannot derive for which serving cell the PDSCH is missed. Furthermore, since the number of HARQ-ACK bit for serving cell 5 and serving cell 6 is different, it is not possible to ensure the same understanding between eNB and UE on the HARQ-ACK codebook (assuming spatial bundling is not applied). Thus, cell grouping according to the maximum number of TBs in a PDSCH is necessary.
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Figure 1: Example of misunderstanding on HARQ-ACK codebook between eNB and UE

Taking the consideration on the eNB scheduling restrictions, DL control overhead, achievable gain of HARQ-ACK codebook adaptation, it is currently preferable to consider the DAI based solution for HARQ-ACK codebook adaptation. In particular, it is proposed to consider the following:

Proposal 2: The following two fields are included in the DL grant to assist HARQ-ACK codebook adaptation based on the set of serving cells on which PDSCH is scheduled:

· a cell domain DAI (named C-DAI), indicating the accumulative number of serving cells scheduled PDSCH in a DL subframe; and

· a cell domain total assignment indicator (named C-TAI), indicating the total number of scheduled serving cells in a DL subframe
Furthermore, grouping the configured serving cells into cell groups based on the transmission modes is necessary to ensure reliable common understanding between eNB and UE on the HARQ-ACK codebook, as illustrated in Figure 1.
Proposal 3: The configured serving cells are grouped into two groups based on the configured transmission modes for the serving cells.

4 Conclusions
In this contribution, we discuss HARQ-ACK codebook determination for Rel-13 CA. The motivations for HARQ-ACK codebook adaptation based on the set of serving cells on which PDSCH is scheduled are first discussed. Consequently, we have the following proposal:
Proposal 1: It is supported to adapt the HARQ-ACK codebook based on the serving cells on which PDSCH is received in Rel-13 CA.
Then different alternatives for HARQ-ACK codebook adaptation are discussed. From the perspectives of eNB scheduling flexibility, DL control overhead, achievable gain of HARQ-ACK codebook adaptation, it is currently preferable to consider the DAI based solution for HARQ-ACK codebook adaptation. In particular, it is proposed to consider the following:

Proposal 2: The following two fields are included in the DL grant to assist HARQ-ACK codebook adaptation based on the set of serving cells on which PDSCH is scheduled:

· a cell domain DAI (named C-DAI), indicating the accumulative number of serving cells scheduled PDSCH in a DL subframe; and

· a cell domain total assignment indicator (named C-TAI), indicating the total number of scheduled serving cells in a DL subframe
Furthermore, it is proposed to consider grouping the configured serving cells into different cell groups based on the maximum supported TBs in a PDSCH according to the configured transmission modes for the serving cells.
Proposal 3: The configured serving cells are grouped into two groups based on the configured transmission modes for the serving cells.
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