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1. Introduction
During the RAN #72 meeting, a new work item for the further enhanced MTC was approved [1]. One of the main objectives is to improve the data rate with the following techniques. 
· 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 will focus our discussion on the HARQ-ACK bundling in CE mode A in HD-FDD and the support of up to 10 DL HARQ processes in CE mode A in FD-FDD. Regarding the HARQ-ACK bundling issue, we will introduce the concept of HARQ-ACK bundle window to enable the HARQ-ACK bundling functionality. As for the support of up to 10 DL HARQ processes, we will discuss how to support this functionality without the increase of DCI overhead. Finally, we will show our views on the backward compatibility issue. 
2. Discussion
2.1. HARQ-ACK bundling in CE mode A in HD-FDD
HARQ-ACK bundling technique comes from TDD. In TDD system, XOR operation is performed among several HARQ-ACKs and then the bundled HARQ-ACK is transmitted in a certain uplink subframe. In TDD system, there is clear definition on which downlink subframes will be bundled for HARQ-ACK feedback and which uplink subframe will carry the bundled HARQ-ACK. Similarly, such definition is also needed for HD-FDD to enable the HARQ-ACK bundling functionality. 

Here, we introduce the HARQ-ACK bundle window to enable the HARQ-ACK bundling. HARQ-ACKs of all the PDSCHs within this window will be bundled as shown in Fig. 1. The HARQ-ACK bundle window is determined by the length of the window and the starting point.
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Figure 1 Concept of HARQ-ACK bundle window
The length of the window can be configured by higher layer signalling. Alternatively, it can be derived from the maximum number of the PDSCH repetitions and maximum number of MPDCCH repetitions. In this case, the length of the HARQ-ACK bundle window can adapt to the change of repetition levels. 
The starting point of the window can be set according to the length of the HARQ-ACK bundle window. For example, the time occasions satisfy the formula of (10*fn + sfn) mod L=0 can be set as potential starting points. In the equation, fn denotes the frame index, sfn is the subframe index and L is the length of the window. 
Proposal 1: Define HARQ-ACK bundle window to enable the HARQ-ACK bundling in CE mode A in HD-FDD. 
2.2. Up to 10 DL HARQ processes in CE mode A in FD-FDD

Due to the cross-subframe scheduling, the maximum number of parallel HARQ processes is increased from 8 to 10. To support up to 10 DL HARQ processes, the existing 3-bit field of HARQ process number (HPN) in DCI is not sufficient.  The most straightforward solution is to extend the field of HPN from 3 bits to 4 bits by adding one additional bit. However, it would increase the DCI overhead and incur more power consumption, which is not desirable. 
To avoid additional increase of DCI overhead, we consider to reuse some redundant bits to extend the field of HPN. When there are 8 parallel HARQ processes, there are 2 PDSCH transmissions with repetitions at most and the remaining PDSCHs should be transmitted without repetition as shown in Fig.2, where the number in the box denotes HARQ process number.  For the transmission without repetition, frequency hopping can’t be performed and then the frequency hopping flag in the DCI is redundant. We can consider to reuse this bit to extend the field of HPN in DCI when PDSCH is transmitted with 1 repetition. 
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Figure 2 Maximum 2 PDSCH transmissions with repetitions exist when there are 8 parallel HARQ processes
As shown in the table, when the number of the PDSCH repetitions is 1, then the field of HARQ process number is constructed by the original field of HPN and the original frequency hopping field. Otherwise, only the original field of HPN is used for the HARQ process indication. 
Table 1 Construction of field of HPN 
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=1 Original frequency hopping flag + Original HPN field

>1 Original HPN field


On the eNB side, when there are more than 8 parallel PDSCHs to be scheduled, eNB can assign the PDSCH transmission without repetition with HARQ process number larger than 8, while for the PDSCH transmission with repetitions, eNB can only assign HARQ process number smaller than 8 for it as shown in the example in the Fig 3.  On the UE side, UE determines the exact field of HARQ process based on the number of PDSCH repetitions. 
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Figure 3 Example of setting HARQ process number
Proposal 2: Investigate solutions to supporting up to 10 DL HARQ processes without increasing the overhead of DCI

2.3. Backward compatibility
In the future, Rel-13 MTC UEs and Rel-14 MTC UEs will coexist in the same network. The processing on the HARQ process number  in FD-FDD and HARQ feedback in HD-FDD is different between existing Rel-13 MTC and Rel-14 MTC. Before eNB gets the information of UE category / capability, how to handle the HARQ process number setting in DCI of Msg.4 and how to process the corresponding HARQ feedback is not clear. To handle this issue, the following two options can be considered 
· Option 1: Define separate RACH resource for the UEs with these new functionalities 
· The RACH resource configuration is broadcasted in SIB

· UE selects the RACH resource based on the category/ capability 

· eNB performs the corresponding processing for the UE which perform RACH on the specific resource based on the new functionalities 
· Option 2: Define default behavior before eNB gets the information of UE category/ capability and configure these new functionalities via RRC signaling
· Rel-13 MTC behavior is set as the default behavior 
In our views, it is not necessary to set the functionalities of up to 10 HARQ processes and HARQ bundling mandatory for Rel-14 MTC UEs. It is more feasible to configure these functionalities via higher layer signaling when necessary. Thus we slightly prefer the solution in Option 2. 
Proposal 3: The processing of up to 10 HARQ process and the processing of HARQ-ACK bundling in HD-FDD can be configured by eNB via RRC signaling after eNB gets the information of UE category/ capability   
3. Conclusion
In this contribution, we discuss some techniques to improve the data rate and consider the backward compatibility issue. Our views on these issues are summarized as follows
Proposal 1: Define HARQ-ACK bundle window to enable the HARQ-ACK bundling in CE mode A in HD-FDD. 

Proposal 2: Investigate solutions to supporting up to 10 DL HARQ process without increasing the overhead of DCI

Proposal 3: The processing of up to 10 HARQ process and the processing of HARQ-ACK bundling in HD-FDD can be configured by eNB via RRC signaling after eNB gets the information of UE category/ capability
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