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1 Introduction
At RAN1#81, there were discussions as to how many HARQ processes the UE can assume will be used during coverage enhancement (CE) operation, with the following agreement:
Agreements: 

· For HD-FDD, FD-FDD, and TDD, if the UE is operating coverage enhancement:

· UE is not expected to use more than N DL HARQ process to receive unicast PDSCH

· UE is not expected to use more than M UL HARQ process to transmit unicast PUSCH

· Value of N and value of M are FFS and could be different for different duplex modes

· Companies may provide PDSCH/PUSCH simulation results to evaluate the potential reduction of the required number of repetitions

· Note: The reference simulation case should apply frequency hopping

In this contribution we discuss the usage of HARQ processes more generally for the low-complexity UE and UEs operating CE.
2 Discussion
2.1 HARQ processes for UEs operating CE
The relatively simple proposal made at RAN1#81 was that the UE is not expected to use more than one HARQ process to receive/transmit unicast PDSCH/PUSCH respectively (N = 1, M = 1). There was concern from some companies that this reduces each UE’s peak rate in CE to less than 1 Mbps, and there could be impact on supportable applications and hence business cases for Rel-13 MTC. It is important to consider future Internet of Things (IoT) applications even during Rel-13 to make sure that the technology can have a long lifetime and does not have forward compatibility constraints unnecessarily. Thus, the chosen design for HARQ should have in mind applications more demanding than only, e.g., smart metering. Multiple HARQ processes would give more opportunities for efficient use of UL/DL resources in such cases.

For UEs operating enhanced coverage, the HARQ RTT will change because of the repetition of physical channels. Basically, the maximum number of usable HARQ processes can be calculated from the size of PUSCH/PDSCH repetition and RTT. As the repetition numbers of physical channels would be different in different repetition levels (possibly RTT will also be different) and configurable, the used number of HARQ process could be calculated and controlled by eNB based on the configured repetition number.
Observation 1: Opportunities for eNB to use multiple HARQ processes in the UE can increase the opportunities for efficient resource scheduling when operating CE.

2.2 HARQ processes for LC MTC UEs

For Rel-13 low complexity UEs in normal coverage, the time of the factors determining HARQ RTT will not tend to reduce, so the HARQ RTT will not reduce. Reducing maximum number of HARQ processes assumed in the UE may result in big specification impacts on both physical layer and higher layers. If the maximum HARQ process number is reduced, fewer TBs could be transmitted in parallel. Instead of parallel transmission, some of the TBs of larger application layer messages will wait until the previous HARQ process ends. The UE’s on-time as well as power consumption will possibly increase to transmit/receive the same amount of TBs. From a cost-saving perspective, we have the constraint that RAN2 assume multiple HARQ processes for SIBs in CE, to allow for interleaving of SI-messages across multiple SI-windows, so the hardware (mainly baseband buffering) would anyway be provided to support that, and it is not clear that any substantial cost-saving justification is then available.

Considering the benefits of reducing the maximum number of HARQ processes in terms of UE cost are 0.4%–1.0% of the Cat. 1 FDD modem [5], the max number of HARQ processes for low complexity MTC UEs without CE can be the same as those of Cat.1 UEs.
Observation 2: Cost savings from reducing HARQ processes are small, and limited further by the need to introduce multiple HARQ processes for SIBs.
At this stage of the work item, it is also important to consider whether the time required to develop L1 designs and procedures for reduced HARQ processes is the most essential use of time, considering the discussion above. Therefore, we would prefer that RAN1 does not have to spend time discussing all the different possible numbers, especially considering the increased difficulty of those discussions for HD-FDD and TDD cases. 
Proposal 1:
An MTC UE is not expected to use fewer unicast HARQ processes than a Cat. 1 UE, in all cases.

3  Conclusions
In this paper we discussed the potential and consequences of reducing the maximum number of HARQ processes an MTC UE is expected to use whilst operating and not operating CE. Overall, we suggest that RAN1 does not spend a large amount of time on this potential optimization, and chooses either one HARQ process in all cases, or no reduction in all cases. Considering the unclear cost/complexity savings and potentially complex specification impacts, we suggest not altering the HARQ process requirements for the MTC UE:
Proposal 1:
An MTC UE is not expected to use fewer unicast HARQ processes than a Cat. 1 UE, in all cases.

























































