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1. Introduction
In RAN #73 meeting, work item on enhancement of NB-IoT was updated. AThe updated WID includes an objective on power consumption and latency reduction [1]. According to the updated WID [1], the objective on power consumption and latency reduction which is supported by the enhancement of NB-IoT is as follows:
	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 2-HARQ process in DL and UL on the enhancement of NB-IoT. 
2. Discussion
Timing relationship
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Figure 1 An example of 2-HARQ timing relationship
Figure 1 illustrates timing relationship for 2-HARQ process. In Rel-14 2-HARQ process, it is preferable to reuse Rel-13 timing relationship as much as possible to minimize the impact on specifications. In this point of view, we can reuse the gap between NPDCCH and NPDSCH(or NPUSCH), the gap between NPDSCH and NPUSCH for ACK/NCAK transmission, and the gap between NPUSCH and next NPDCCH for 2-HARQ process.
Proposal 1: Maintain existing timing relationship in Rel-13 for 2-HARQ process. 
However, the gap between two NPDSCH(or NPUSCH) needs to be configured for 2-HARQ process. The gap between two NPDSCH may be needed for decoding 1st NPDSCH and limited buffer size, and the gap between two NPUSCH may needed for processing time on 2nd NPUSCH. In Rel-13 NB-IoT, limitation of UE capability was considered for timing gap. Likewise, we can assume that Rel-14 eNB-IoT UE also may have similar limitation on UE capability. Thus additional gap between two NPDSCH(or NPUSCH) may be needed for low capable UE. On the other hand, the main objective for 2-HARQ process is high throughput and low latency. So, additional gap configuration may degrade the advantage of 2-HARQ process. To enhance the throughput and latency performance, some Rel-14 UEs may have enhanced capability compare to the Rel-13 UEs. This kind of UE may require smaller size of gap than UEs with Rel-13 capability. In this point of view, the additional gap for 2-HARQ process should be configurable to support various types of UE capabilities.
Proposal 2: The additional gap between two NPDSCH or NPUSCH should be configurable to support various types of UE capabilities. 

DCI design
2-HARQ process is not available for Rel-13 UEs and some Rel-14 UEs may not have capability of 2-HARQ process. Also, there is a possibility that some old eNodeB may not support 2-HARQ process. In this point of view, 2-HARQ process should be configured to UE by eNodeB. The dedicated RRC signalling can be used to configure the 2-HARQ process. In case of CSS, legacy DCI format should be used whether it has 2-HARQ capability. 
For unicast transmission, new DCI format needs to be defined in order to support 2-HARQ process. As we mentioned before, it is preferable to allow eNodeB can configure the number of HARQ process. Also it is desirable to monitor for DCI format in one search space in order to not to increase blind detection number. To distinguish the number of HARQ process without increasing blind detection, new DCI format needs to contain the HARQ process number. 1-bit in DCI can be used to indicate the maximum HARQ process number.
Proposal 3: Design new DCI format for unicast transmission with the maximum HARQ process number indicator.
ACK/NACK mode
To support 2-HARQ process, 3 possible options for ACK/NACK transmission can be considered as follows:
· Option 1: Distinguish ACK/NACK with independent slots

· Option 2: Distinguish ACK/NACK with QPSK symbol within same slots

· Option 3: Bundling ACK/NACK

Each option has pros and cons compare to each other. For example, option 1 can serve flexible 2-HARQ process but may requires larger number of slots than others. Option 2 can reduce the number of slots than option 1, but may not suitable for high CE level UEs and low power class UEs. Option 3 is suitable for high CE level and low power class UEs, but has restricted retransmission capability. In order to support 2-HARQ process in various scenario, it is desirable to support multiple ACK/NACK modes. For example, ACK/NACK transmission method can be selected based on UE’s coverage level. Option 1 and/or option 2 can be used for normal coverage UEs, and option 3 can be used for CE UEs. Another possible criterion to determine the ACK/NACK transmission mode is UE power class. In Rel-14, it has been considered to support low power class UE, which may have unreliable UL channel condition compare to DL. To enhance a reliability of low power class UEs, ACK/NACK bundling is more suitable than other methods. 
Proposal 4: Introduce multiple ACK/NACK modes for 2-HARQ process.
3. Conclusions

In this contribution, we discussed several aspects to support 2-HARQ process for Rel-14 eNB-IoT. The proposals of the contribution are as follows:

Proposal 1: Maintain existing timing relationship in Rel-13 for 2-HARQ process.

Proposal 2: The additional gap between two NPDSCH or NPUSCH should be configurable to support various types of UE capabilities.
Proposal 3: Design new DCI format for unicast transmission with HARQ process number indicator.
Proposal 4: Introduce multiple ACK/NACK modes for 2-HARQ process.
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