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Introduction
In this contribution, we present our views on the coverage enhancements for (e)PDCCH/PUCCH. 
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(e)PDCCH Channel Design
In order to meet the coverage requirements, bundled transmissions are considered for most of the DL and UL channels. For example: 

1. For DL transmission, the following steps have to be performed for a single packet:
a. Bundled (e)PDCCH assignments
b. Bundled PDSCH transmissions

c. Bundled PUCCH ACK transmissions
d. Bundled (e)PDCCH for retransmissions

e. Bundled PDSCH retransmission

2. For UL transmissions, similarly we have the following steps for a single packet:

a. Bundled (e)PDCCH assignments

b. Bundled PUSCH transmissions

c. Bundled (e)PDCCH for retransmissions

d. Bundled PUSCH retransmission

These types of operations are not efficient in terms of both spectral usage as well as power consumption. Therefore, it is desirable to simplify these steps. 

· Persistent scheduling of MTC traffic

· Since most of the meter applications have regular packet size and reporting periodicity, it is possible to exploit these characteristics for persistent scheduling. 

· MTC device signals network its traffic pattern

· Network configures persistent assignments for both DL and UL 

· PHICH-less operation
· Replacing PHICH with PDCCH to avoid new design of a repeated PHICH channel
· Alternatively, we can consider HARQ_less operation and rely on higher layer retransmissions. 

· CSS Design Options

· For the common search space control channels, we can have fixed assignments for SIB/RAR/paging

· Another alternative is to design a new bundled PDCCH/ePDCCH common search space
In summary, we propose the following:
Proposal 1: 

· Consider persistent scheduling for MTC traffic. 

Proposal 2:

· No PHICH based UL non-adaptive re-transmissions for MTC. Whether to support HARQ_less operation for MTC is FFS. 

Proposal 3:

· Whether to support bundled (e)PDCCH CSS is FFS. 
3

PUCCH Channel Design

The main function of PUCCH is for channel state feedback and ACK. 

3.1. Channel State Feedback

The coverage enhancement requirements are mainly driven by the meter applications in the basements. These devices are mostly stationary. Therefore, the channel information should not change rapidly as in typical mobile environments. On the other hand, some slow scale channel feedback may still be desirable, e.g. due to environmental changes. 

So instead of designing a bundled transmission of PUCCH to feedback channel state information, an alternative design is to feedback channel only when needed. Such feedback can be transmitted for example on the MAC header when there is data transmission similar to buffer status report. 

In Figure 1, we show the performance impact of the feedback speed on the link level performance. In these simulations, the channel feedback is performed only at the initial connection setup and upon large scale channel variations. For MTC devices with coverage enhancements, the slow feedback consists of the bundle sizes for DL transmissions. 
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Figure 1. Slow AMC with Limited Feedback on Mac Header

Based on this analysis, we propose the following:

Proposal 4:
· For MTC devices, consider slow channel state feedback, e.g. transmitted on MAC header. 

3.2. UL ACK/SR

For device in extreme coverage need, we can consider PUCCH-less operation. SR can be replaced by the bundled RACH, while PUCCH ACK/NAK can be replaced by higher layer retransmissions. One alternative is to design a bundled transmission of PUCCH ACK/NAK such that the coverage improvements are met. Given that the application is delay tolerant, another option is to combine the ACK/NAK with the next UL data transmissions. 
Proposal 5:
· SR can be replaced by RACH, while the need for bundled PUCCH ACK/NAK is FFS. 

4
Conclusion

In this contribution, we presented our view on the coverage enhancement for (e)PDCCH/PUCCH.  We make the following proposals:
Proposal 1: 

· Consider persistent scheduling for MTC traffic. 

Proposal 2:

· No PHICH based UL non-adaptive re-transmissions for MTC. Whether to support HARQ-less operation for MTC is FFS. 

Proposal 3:

· Whether to support bundled (e)PDCCH CSS is FFS. 
Proposal 4:
· For MTC devices, consider slow channel state feedback, e.g. transmitted on MAC header. 

Proposal 5:
· SR can be replaced by RACH, while the need for bundled PUCCH ACK/NAK is FFS. 
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