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Introduction
Based on the agreed WI at RAN#72 meeting about “New WI proposal on Further Enhanced MTC” [1], RAN1 is tasked to specify techniques for supporting high data rate transmission for further enhanced machine type communications (FeMTC). Some of the techniques for supporting high data rate transmissions are captured in WI description as follows:
· Higher data rates [RAN1, RAN2, RAN4]
· Specify HARQ-ACK bundling in CE mode A in HD-FDD
· Larger maximum TBS
· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios
· Up to 10 DL HARQ processes in CE mode A in FD-FDD

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
In LTE, for half-duplex (HD) FDD UEs, the transmission and reception are separated in both frequency and time. However, the eNB supports full duplex FDD (FD-FDD) and UE monitors the DL control channel in order to determine whether to receive in the downlink direction or transmit in the uplink for the future subframes. This means that when UE receives unicast data in the downlink direction, the UE has to also switch to uplink in order to transmit Ack/Nack feedback. This leads to very frequent switching between the DL and UL directions of the relevant subframes. 
In the legacy non-MTC UEs, one pragmatic solution has been to schedule a large data (TB) in one subframe to the UEs (i.e. more PRBs) in order to minimise the very frequent switching. However, for eMTC UEs, the number of PRBs are limited to 6RBs (BW is limited), so, it is not possible to increase the data size in one scheduling instance. Therefore, the very frequent switching from downlink-to-uplink subframes cannot be avoided in the current Rel-13 specification, hence, FeMTC should provide some solutions.
One solution is to schedule more downlink subframes for CE Mode A for the case of no repetitions in time domain and then send a single acknowledgement feedback in one uplink subframe (i.e. HARQ bundling). This will reduce the very frequent switching from downlink-to-uplink subframes and also improve the data rate for bandwidth limited HD-FDD UEs. 
In order not to complicate the bundling procedures, it is preferable the HARQ bundling should only be applicable for the case of no repetitions.
[image: ]
                       Figure 1. HARQ Bundling approach
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 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.  
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, 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 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 bundling always 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 number of bundled subframes to be dynamically decided and included in the DCI format.
Proposal 1: The bundling of multiple subframes should only be applicable for the case of no repetitions.
Proposal 2: The number of bundled subframes should be dynamically decided and included in the DCI format.

 
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: The bundling of multiple subframes should only be applicable for the case of no repetitions.
Proposal 2: The number of bundled subframes should be dynamically decided and included in the DCI format.
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