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1
Introduction
The new Rel-14 work item on enhancement of NB-IoT was recently updated to include an objective on power consumption and latency reduction [1] –
Power consumption and latency reduction

· Support in DL and UL for 2 HARQ processes and larger maximum TBS [RAN1, RAN2, RAN4].

In this contribution, we discuss the enhancement of NB-IoT to support of 2 HARQ processes in the DL and UL.
2
Discussion

The number of DL and UL HARQ processes supported in Rel-13 NB-IoT is 1. This means that during the HARQ round-trip time (RTT), only a single DL or UL data transmission is possible. This is illustrated in Figure 1 for the DL. There is a minimum scheduling gap of 4 ms between the NPDCCH and the NPDSCH and any additional scheduling delay (up to 1024 ms depending on the repetition number) is indicated in the DCI. A minimum gap of 12 ms between NPDSCH reception and UL ACK/NACK transmission is also allowed for processing at the UE, with a further time offset (up to 8 ms for 3.75 kHz transmission and 5 ms for 15 kHz transmission) that is allowed and indicated in the DCI. The time between transmission of the UL ACK/NACK and the reception of the NPDCCH scheduling the next transmission is a minimum of 3 ms and the actual gap depends on the occurrence of the next search space.
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Figure 1. DL HARQ in Rel-13.
The NPDCCH and the NPDSCH can each be transmitted in a minimum of 1 ms. Furthermore, the minimum resource unit size for UL ACK/NACK transmission is 2 ms. Therefore, the minimum RTT is 23 ms. Thus, it takes at least 23 ms to transmit a single DL data transport block. In practice, due to restrictions on starting subframe for the search space, the RTT is longer.
Figure 2 shows the HARQ process for the UL. In this case, the minimum scheduling gap between the NPDCCH and the NPUSCH, indicated in the DCI, is 8 ms (and can be as much as 64 ms). The time between transmission of the NPUSCH and the reception of the NPDCCH scheduling the next UL transmission is a minimum of 3 ms and the actual gap depends on the occurrence of the next search space.
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Figure 2. UL HARQ in Rel-13.
The minimum resource unit size for NPUSCH transmission is 1 ms (for multi-tone transmission) and therefore, the minimum RTT is 13 ms. This means that it takes at least 13 ms to transmit a single UL data transport block.

The motivation for increasing the number of supported HARQ processes in the DL and UL is to increase the corresponding data rate. The higher data rate allows for faster transmission of payload, hence reducing the latency and potentially yielding power savings. If the number of HARQ processes is increased to 2, a second data transport block must be transmitted in the gaps within the RTT of the first transport block. The transmission of the second transport block must be scheduled, however, which implies that both the NPDCCH and the data (NPDSCH or NPUSCH) must be transmitted. In Rel-13, the UE is not required to monitor the search space for another NPDCCH during the RTT and, therefore, to enable this method of supporting the second HARQ process, this requirement would need to be modified.
Figure 3 shows a modified DL HARQ diagram where the NPDCCH and NPDSCH for the second HARQ process (#1) is inserted between the NPDSCH and the UL ACK/NACK for the first process (#0). The timing relationships within a single HARQ RTT are preserved, however. It is assumed that the additional processing capability for the second HARQ process permits the UE to decode the NPDCCH for process #1 while it is still decoding the NPDSCH for process #0. It is also assumed that the UE can transmit the UL ACK/NACK for process #0 while it is decoding the NPDSCH for process #1, and so on. It is seen in this example that due to enforcing of timing relationships and gaps, there may be some expense to the RTT and the data rate is increased but not doubled as a result.
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Figure 3. DL HARQ with two separately scheduled processes. 
If the UE is capable of decoding a second NPDCCH while the decoding of another NPDCCH is in progress, then the NPDCCHs for the two processes may be frequency-division multiplexed in the same subframe or time-division multiplexed with a small or zero relative delay and there may not be a significant increase in the latency for supporting a second HARQ process. On the other hand, if the UE processing constraints impose a requirement on the minimum gap between successive transmissions associated with different HARQ processes (e.g., NPDSCH of one process and NPDCCH of the second process) or between successively occurring transmission/reception of one process and reception/transmission of the second process, then the RTT for each process would be stretched out further with this approach. This impacts the improvement in the data rate through support of a second HARQ process..
While the above discussion considers DL HARQ, It is also possible to support a second UL HARQ process in the same way. The time and processing considerations are also similar. The extent of increase in data rate depends on the minimum gap that must be allowed between the NPDCCH transmissions for the two HARQ processes, considering the processing capabilities of the UE.
In the above discussion, support for the second HARQ process is enabled through the transmission of a separate NPDCCH scheduling the corresponding NPDSCH. The possible increase in RTT due to timing constraints has been discussed. It is possible, however, to consider scheduling the PDSCH transmissions of both HARQ processes with the DCI contained in a single NPDCCH. This is illustrated in Figure 4. This would require the specification of a new DCI format for scheduling the transmission of two DL or UL transport blocks. The advantage of this approach is that there is reduced control overhead relative to the transmission of separate DCIs.  On the other hand, the larger DCI size reduces the coding rate without repetition. From the UE perspective, there is less power consumption since it does not have to monitor the search space for the second NPDCCH even though the number of blind decodings would increase from the introduction of the new DCI format. [image: image4.png]s e ao [T
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Figure 4. DL HARQ with two jointly scheduled processes.
Two options also exist for UL ACK/NACK transmission: either separate ACK/NACKs can be transmitted for each HARQ process or, alternatively, a single bundled/multiplexed ACK/NACK can be transmitted. In the latter case, however, an adequate gap must be provided between the second NPDSCH and the ACK/NACK.
The scheduling of NPUSCH transmissions for two UL HARQ processes using a new DCI format in a single NPDCCH is illustrated in Figure 5. Again, there are potential benefits to latency and power consumption through jointly scheduling both HARQ processes.
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Figure 5. UL HARQ with two jointly scheduled processes.
Thus, we have the following proposals.

Proposal 1: Support 2 HARQ processes in the DL and UL.

Proposal 2: Introduce a new DCI format for scheduling the transmission of two transport blocks corresponding to different HARQ processes.

Proposal 3: Consider the support of UL ACK/NACK bundling/multiplexing for the two DL HARQ processes.
3
Conclusion

In this contribution enhancement of NB-IoT by supporting 2 HARQ processes in the DL and UL is discussed and the following proposals are made:
Proposal 1: Support 2 HARQ processes in the DL and UL.

Proposal 2: Introduce a new DCI format for scheduling the transmission of two transport blocks corresponding to different HARQ processes.

Proposal 3: Consider the support of UL ACK/NACK bundling/multiplexing for the two DL HARQ processes.
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