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Introduction
In the last meeting (RAN1#86bis), RAN1 discussed how to support HARQ-Ack bundling in CE Mode A for HD-FDD UEs in FeMTC. The following agreements were reached:
Agreement at RAN1#86bis:
· HARQ-ACK bundling is supported in CE Mode A in HD-FDD.
· HARQ-ACK bundling is not supported in CE Mode B.
· FFS whether HARQ-ACK bundling is supported in CE Mode A in FD-FDD.
· FFS whether HARQ-ACK bundling is supported for PUCCH repetition case.
· FFS whether HARQ-ACK bundling is supported for PDSCH repetition case.
· FFS whether HARQ-ACK bundling is supported for MPDCCH repetition case.
Agreement at RAN1#86bis:
· One or multiple HARQ-ACK bundles can be supported for PDSCH scheduling before switching to UL.
· HARQ-ACK bundle size is defined as the number of PDSCH transmissions (corresponding to different HARQ processes) with a joint HARQ-ACK feedback.
· The maximum HARQ-ACK bundle size is 4.
· FFS: maximum number of HARQ-ACK bundles before switching to UL

In this contribution, we discuss different options for HARQ-ACK bundling in CE mode A for HD-FDD and provide some proposals at the end. 

HARQ-ACK bundling in CE mode A for HD-FDD
First we discuss the following open issues in order to finalise this feature:
>FFS whether HARQ-ACK bundling is supported in CE Mode A in FD-FDD.
The FeMTC WID captures to specify the HARQ-ACK bundling in CE mode A for HD-FDD, and it does not mention for FD-FDD case. Therefore, to adopt HARQ-ACK bundling also for FD-FDD is not in line with the current work item description. In addition, the issue for HD-FDD is already well known, but, it seems there is no issue for FD-FDD. So, we do not see the need for specifying HARQ-ACK bundling also for FD-FDD.
Proposal 1: HARQ-ACK bundling is not supported in CE Mode A in FD-FDD
>FFS whether HARQ-ACK bundling is supported for PUCCH repetition case
>FFS whether HARQ-ACK bundling is supported for PDSCH repetition case.
>FFS whether HARQ-ACK bundling is supported for MPDCCH repetition case.
The objective of HARQ-ACK bundling is to achieve a high peak data rate when UE is in good channel condition. Therefore, in our view, in order not to complicate the bundling procedures, it is preferable that the HARQ bundling should only be applicable for the case of no repetitions.
Proposal 2: HARQ-ACK bundling is not supported with repetition in any of the channels of PUCCH, PDSCH and MPDCCH
Furthermore, there are different options of supporting HARQ-ACK bundling as follows:
Option 1: HARQ bundling approach - a single acknowledgement feedback is derived by performing a logical “AND” operation for ACK/NACKs arising from multiple independent transmissions (i.e. a bundle) where each transmission has its own MPDCCH+PDSCH. A UE transmits ACK if all succeed, else NACK if one or more fail. This is shown on Figure 1 above. 
· 
The starting and the number of subframes that are bundled needs to be defined, for example the equation  can be used, M is the number of consecutive subframes including invalid subframes (i.e. not contain data), nf is the system frame number (SFN) and floor (ns/2) is the subframe number. Assuming M is fixed number, then the demerit is that UE should always wait at the end of M subframes for Ack/Nack feedback. 
· Another way is to define a bit pattern representing the starting, middle and end assignments, for example as 10 start assignment, 00 any middle assignment and 01/11  end assignment (where 11 stands for the case of one subframe scheduling assignment). The number of subframes are consecutive and any invalid subframes are not assumed to contain data transmission. The merit is that the number of bundled subframes are dynamically decided depending on the data waiting at the eNB and the acceptable delays for Ack/Nack feedback.  
[image: ]
                       Figure 1. HARQ Bundling approach
Option 2: Bundling of multiple subframes with multiple TBs – In this option, one DCI schedules for one or more subframes where each subframe carries different data (i.e. a bundle), but, each TB is independently coded and mapped to one subframe. As each TB is independently coded, there is a benefit of early decoding compare to Option 3. In addition, it improves the downlink data rate transmission compared to Option 1 due to only one subframe carries the control information and the remaining subframes can be assigned to data transmission. However, there may be a link adaptation issue if the bundle size is too long. A UE transmits one bundled Ack/Nack indicator as shown on Figure 2 below. 
· In this option, dynamic indication in the DCI format about the number of subframes used to carry the independently coded TBs is needed. 
[image: ]
                       Figure 2. Bundling multiple subframes with multiple TBs
Option 3: Bundling of multiple subframes with single TB - in this option, one large transport block (TB) is transmitted on multiple subframes (i.e. a bundle) as there is an additional channel coding gain obtained from larger TB size.  However, this may result decoding delays while other merits and demerits are same as above in Option 2. In this case, UE transmits one Ack/Nack feedback corresponding to the larger TB as shown on Figure 3 below. 
· In this option, dynamic indication in the DCI format about the number of subframes used to carry the larger TB is needed. 
[image: ]
                       Figure 3. Transmitting large TB size on multiple subframes
So, based on the above options and discussions, it is clear that a bundle of a fixed number of subframes is not beneficial as there are different amount of data waiting at the eNB at different times and also in some cases fast Ack/Nack feedback may be needed. Therefore, it is preferable that the bundle size to be dynamically decided and included in the DCI format. A bundle size of 2, 3 and 4 should be supported.

Proposal 3: The number of bundled subframes should be dynamically decided and included in the DCI format.
Proposal 4: A bundle size of 2, 3 and 4 should be supported.

 
Conclusion
In this contribution, we have discussed different options for HARQ-ACK bundling in CE mode A for HD-FDD. We have the following proposals:
Proposal 1: HARQ-ACK bundling is not supported in CE Mode A in FD-FDD
Proposal 2: HARQ-ACK bundling is not supported with repetition in any of the channels of PUCCH, PDSCH and MPDCCH
Proposal 3: The number of bundled subframes should be dynamically decided and included in the DCI format.
Proposal 4: A bundle size of 2, 3 and 4 should be supported.
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