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1 Introduction
In [1], we discussed the max TBS and soft buffer support for Rel-14 NB-IoT 2 HARQ processes. In this paper, we further discuss the remaining issues to support the operations of 2 HARQ processes. 
2 New DCI Format design
It is agreed to use 1 bit to indicate HARQ process number. One simplest way is introduce one more bit to the new DCI format. 
The alternative is to move one bit from the other field, e.g., repetition number for NPUSCH and NPDSCH to indicate the HARQ process number.  In RAN 1 #87 meeting, it was agreed that 

· Reuse Rel-13 timing relationship and scheduling delay values for each of the 2 HARQ processes

The max scheduling delay for NPDSCH is 1024 valid DL subframe but the repetition number is {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}. Considering the subframe number per TB is up to 10. Therefore, it is reasonable to reduce 1 bit from repetition number of NPDSCH to indicate HARQ process ID. Similarly, for NPUSCH, the max scheduling delay is 64ms but the repetition number is {1, 2, 4, 8, 16, 32, 64, 128}. Considering each RU for single tone is up to 8ms and 32ms for 15kHz and 3.75kHz, respectively, if no increasing scheduling delay value, it is hard to support large repetition numbers. Therefore, for both DCI for NPUSCH and NPDSCH, 1 bit for repetition number can be moved out to indicate HARQ process ID.  
Proposal #1: Reduce 1 bit for repetition number for both NPUSCH and NPDSCH to indicate HARQ process ID. 
3 NPDCCH monitoring

In RAN 1 #87 meeting, it was agreed that 

· After receiving one DL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms (i.e., x1 ≥ 2 ms) before the start of the first NPDSCH. 

Similarly, considering 4ms for NPUSCH preparing time, UE needs to monitor NPDCCH search spaces till 2+4 =6 ms before start of the first NPUSCH transmission. An example of timeline to support 2 HARQ processes for uplink can be found in Figure 1. 

· After receiving one UL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 6 ms before the start of the first NPUSCH. 
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Figure 1 Example of timeline for 2 HARQ processes for uplink
Proposal #2:  After receiving one UL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 6 ms before the start of the first NPUSCH. 

4 Collision handling

Because of 2 HARQ processes, some collisions may happen: 
Case 1: NPDSCH and NPUSCH format 2 carrying A/N

By default, eNB can avoid this kind of collision, including 1ms gap between UL and DL.

If eNB cannot avoid the solution, or eNB schedule the collision on purpose, TTI bundling of A/N for two HARQ processes can be considered. However, only UE successfully decode both of NPDSCH will send an ACK. In addition, if UE fail to decode the second NPDCCH, UE may send an A/N in a wrong subframe, which will impact on the uplink transmission of other UE. 

Another solution is to define the priority if collision happen. For example, UE drops second NPDSCH but transmit A/N. In this case, UE is able to transmit an NACK for second NPDSCH. So there is not much loss from system point of view. 

Proposal #3: A/N has higher priority than NPDSCH. 
Case 2: Two NPUSCH format 1, or NPUSCH format 1 and ordered NPRACH
Similar as case 1, eNB shall be able to avoid this kind of collision. If two NPUSCH format 1 collide, UE can drop the NPUSCH transmission scheduled by the second NPDCCH. In order to keep the low complexity UE implementation, it is proposed to drop the whole NPUSCH transmission scheduled by the second NPDCCH. 

Proposal #4: If two NPUSCH format 1, or ordered NPRACH collide, UE drops the whole uplink transmission scheduled by the second NPDCCH. 

Case 3: NPUSCH format 1 (or ordered NPRACH) and format 2:    

If the NPUSCH format 1 carrying traffic and NPUSCH format 2 collide, NPUSCH format 2 carrying A/N shall have higher priority. And for the simplification, the whole NPUSCH format 1 shall be dropped.
Proposal #5: If the NPUSCH format 1 or ordered NPRACH and NPUSCH format 2 collide, drop the whole NPUSCH format 1 ordered NPRACH transmission. 

Case 4: Two NPUSCH format 2

If eNB collides two NPUSCH format 2 on purpose, TTI bundling is supported. 

Proposal #6: If two NPUSCH format 2 collide, TTI bundling of A/N for 2 HARQ processes is supported. 

5 Conclusion

In this paper, we discussed remaining issues for the operations of 2 HARQ processes. We proposed that: 

Proposal #1: Reduce 1 bit for repetition number for both NPUSCH and NPDSCH to indicate HARQ process ID. 
Proposal #2:  After receiving one UL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 6 ms before the start of the first NPUSCH. 

Proposal #3: A/N has higher priority than NPDSCH. 
Proposal #4: If two NPUSCH format 1, or ordered NPRACH collide, UE drops the whole uplink transmission scheduled by the second NPDCCH. 

Proposal #5: If the NPUSCH format 1 or ordered NPRACH and NPUSCH format 2 collide, drop the whole NPUSCH format 1 ordered NPRACH transmission. 

Proposal #6: If two NPUSCH format 2 collide, TTI bundling of A/N for 2 HARQ processes is supported. 

6 Reference
[1] R1-1702749, “Max TBS and soft channel bits support for Rel-14 NB-IoT 2 HARQ processes”, MediaTek
3

