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1 Introduction
In RAN1 #87 meeting, the following agreements on 2 HARQ processes were made [1].
· Introduce the {2 HARQ + [1352] bits DL TBS, [1800] bits UL TBS and no change to any Rel-13 specification for NPUSCH} 

· 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. 

· The gap between NPUSCH to any DL reception is ≥ 1ms. 

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

· HARQ process ID is indicated DL grant DCI with one bit

· Monitored only in USS

· FFS TBS table details.
In this contribution, we discuss the remaining issues on support of 2 HARQ processes.
2 Remaining issue on timing relationship of 2 HARQ processes

The scheduling gap between the two NPDSCHs has impacts on latency and UE complexity. Smaller scheduling gap between the two NPDSCHs is beneficial for latency reduction. On the contrary, larger scheduling gap between the two NPDSCHs is beneficial for UE complexity reduction. As agreed in RAN1 #87 meeting, Rel-13 timing relationship and scheduling delay values for each of the 2 HARQ processes are reused. However, the available value set of scheduling delay (kdelay) of the 2nd NPDSCH is limited by the location of 1st NPDSCH. To make the eNB scheduling more flexible, the scheduling delay of 2nd NPDSCH can be reinterpreted as gap between the start of 2nd NPDSCH and the end of 1st NPDSCH as shown in Figure 1.
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Figure 1 Illustration of gain by reinterpreted kdelay in the 2nd NPDCCH (kdelay = 0)

By the interpreted kdelay in the 2nd NPDCCH, the eNB scheduler can simply reduce the HARQ process delay as much as possible and the DL data rate can be improved. 
Observation 1: If Rel-13 NB-IoT timing relationship is reused for each of the 2 HARQ processes, the available value set of scheduling delay (kdelay) of the 2nd NPDSCH is limited by the location of 1st NPDSCH.
Proposal 1: For the two HARQ processes, definition of kdelay in the second NPDCCH is reinterpreted as the gap between the start of 2nd NPDSCH and the end of 1st NPDSCH.
3 Collision issue of 2 HARQ processes

For 2 HARQ processes, since the HARQ-ACK timing is determined according to the end of corresponding NPDSCH transmission, the 2nd NPDSCH transmission may collide with HARQ-ACK transmission of the 1st NPDSCH as shown in Figure 2. In this case, HARQ-ACK bundling is necessary.





Figure 2 DL/UL collision case for 2 HARQ processes
HARQ-ACK bundling is activated if 2nd NPDSCH transmission and 1st HARQ transmission collides.

For 2 HARQ processes, the HARQ-ACK delay of each process is indicated by DCI independently. UL subframes for the two HARQ-ACK transmissions may collide in some cases as shown in Figure 3. If UL subframes for the two HARQ-ACK transmissions determined by the configured HARQ-ACK delay are the same, the two HARQ-ACK transmissions can be bundled together. Further, HARQ-ACK bundling is beneficial for reducing the transmission latency and the UE power consumption.
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Figure 3 Collision case for the two HARQ-ACK transmissions
Proposal 2: If 1st HARQ-ACK transmission collides with 2nd NPDSCH transmission, 1st HARQ-ACK would be bundled with 2nd HARQ-ACK transmission.
· PUCCH resource for bundled HARQ-ACK transmission is determined by the 2nd HARQ process.

Proposal 3: For two HARQ processes, HARQ-ACK bundling is supported if corresponding two HARQ-ACKs are transmitted in the same UL subframe.
· PUCCH resource for bundled HARQ-ACK transmission is determined by the 2nd HARQ process.

4 Conclusions
In this contribution, we have discussed the collision issue and HARQ-ACK bundling of 2 HARQ processes and HARQ bundling. We make the following observation and proposals:
Observation 1: If Rel-13 NB-IoT timing relationship is reused for each of the 2 HARQ processes, the available value set of scheduling delay (kdelay) of the 2nd NPDSCH is limited by the location of 1st NPDSCH. 
Proposal 1: For the two HARQ processes, definition of kdelay in the second NPDCCH is reinterpreted as the gap between the start of 2nd NPDSCH and the end of 1st NPDSCH.
Proposal 2: If 1st HARQ-ACK transmission collides with 2nd NPDSCH transmission, 1st HARQ-ACK would be bundled with 2nd HARQ-ACK transmission.

· PUCCH resource for bundled HARQ-ACK transmission is determined by the 2nd HARQ process.

Proposal 3: For two HARQ processes, HARQ-ACK bundling is supported if corresponding two HARQ-ACKs are transmitted in the same UL subframe.
· PUCCH resource for bundled HARQ-ACK transmission is determined by the 2nd HARQ process.
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