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1. Introduction
In RAN#72 a new work item (WI) named enhancements of NB-IoT  [1] was introduced. The objectives of the WI include the support of positioning, multicast, non-anchor PRB enhancements, mobility and higher data rates. In RAN1#86b the following agreements were reached:

Agreement:
· Maximum DL TBS is 1352 bits
· Maximum UL TBS is 1800 bits
· The same values of N_SF and N_RU and I_TBS are used as in Rel-13

In this contribution we present our views on the support of 2 HARQ processes and larger TBS
2. Timing relationships for 2 HARQ processes
During RAN1#86b there were two main proposals for the timing relationship between 2 HARQ processes:
· In [2], no additional timing constraint is introduced between the 2 HARQ processes.
· In [3], additional timing constraints are introduced between the 2 HARQ processes.
In the following, we present a comparison between the two proposals focusing on different aspects.
· Peak data rate: The achievable peak DL data rate under different assumptions is as follows:
· 48.286kbps for a UE with single HARQ process and 1352 bits TBS
· 56.33kbps for a UE with two HARQ processes, timeline constrained as in [3] with 2 HARQ processes. This is an increase of 16% with respect to the single HARQ baseline
· 84.5kbps for a UE with two HARQ processes and no timeline constraint as in [2]. This is an increase of 75% with respect to the single HARQ case, and of 50% with respect to [3].


Observation 1: The DL peak data rates achieved by the different mechanisms are:
	Single HARQ
	Two HARQ [3]
	Two HARQ[2]

	48.268 kbps
	56.33 kbps (16% increase)
	84.5kbps (75% increase)


Note that increasing the downlink peak data rate would enable greater power savings with respect to the single HARQ or constrained timing operation, and may enable the use of NB-IoT in applications that require higher data rates.

· UE complexity: The main reason argued by the proponents of [3] is that the additional time is required by the UE to process the NPDSCH due to complexity constraints. This observation is heavily dependent on the implementation assumption at the UE (e.g. a 100% DSP-based implementation of NB-IoT UE with a given limit in the MIPS). In our view, this assumption in the implementation is not acceptable for the introduction of features that require higher data rates, and the future of this technology should not be compromised because of this particular implementation option. Additionally, this Rel-14 feature should be optional, so if a particular UE is not able to support this feature it should just indicate so and operate at a lower data rate. Additionally, a 100% DSP-based implementation may not be the optimal in terms of cost and battery life if a massive number of devices are deployed.
Observation 2: The increase in UE complexity largely depends on the selected UE implementation. For some implementations additional timing constraints are not needed.
Observation 3: The support of 2 HARQ processes can be an optional feature at the UE side. If a particular UE does not support this feature, it should indicate so to the network and operate with lower data rates.

[bookmark: _GoBack]In view of these observations, the main reason towards supporting [3] is related to purely implementation issues. In our view, 3GPP should strive towards having the best technology offering, and should not standardize a particular technology based on implementation constraints of a subset of the companies. From the data rates offering, it is clear that:
· The introduction of new timing constraints will reduce the applicability of NB-IoT technology
· The throughput increase from [3] of 16% (+8kbps), which will probably not enable new use cases for NB-IoT. Thus, adopting this solution does not give a big advantage with respect to the single HARQ case. An even larger gain could be obtained if the max DL TBS was increased to 1800 (64.28kbps).
· The throughput increase from [2] is of 75% (+36kbps), which may enable new use cases for NB-IoT.
Proposal: Do not introduce any additional timing constraints for operation with 2 HARQ processes.

3. Summary
Observation 1: The DL peak data rates achieved by the different mechanisms are:
	Single HARQ
	Two HARQ [3]
	Two HARQ[2]

	48.268 kbps
	56.33 kbps (16% increase)
	84.5kbps (75% increase)



Observation 2: The increase in UE complexity largely depends on the selected UE implementation. For some implementations additional timing constraints are not needed.
Observation 3: The support of 2 HARQ processes can be an optional feature at the UE side. If a particular UE does not support this feature, it should indicate so to the network and operate with lower data rates.
Proposal: Do not introduce any additional timing constraints for operation with 2 HARQ processes.
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