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1
Introduction
In this contribution, we present our views on the coverage enhancements for (e)PDCCH/PUCCH. 
In RAN1#75, the following conclusions were made for the control channels:

Agreements:
· For UEs in enhanced coverage mode for MTC
· For UE-specific search space, 
· (E)PDCCH to schedule PDSCH is supported.
· Repetition of (E)PDCCH with multiple levels is supported. 
· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames. 
· Whether to use the same PDCCH candidate m (including same aggregation level) in each repetiton, with similar principle for (E)PDCCH
Working assumption:
· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH
· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.
· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).
2

(e)PDCCH Channel Design
2.1. Persistent Scheduling
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. 
2.2. Bundled (e)PDCCH Design

When considering the repetition of (e)PDCCH, the following restrictions can be applied to reduce the UE blind decoding complexity:

1. Apply some degree of linkage of decoding candidates over different subframes for the same bundle

a. Same aggregation level in each of the subframe

b. Same decoding candicate index in the UE specific search space
i. Although the UE specific search space can be subframe dependent

c. Same DCI format
d. Same control channel type (PDCCH vs. ePDCCH)

e. Same resource set (for ePDCCH)

2. Coding of PDCCH across subframes

a. PDCCH in each subframe within the bundle can be individually coded, modulated and mapped to resources instead of jointly performed. 
3. Maintain the same number of blind decodes per subframe

4. The starting subframe of the bundled control channel can be hard coded, semi-statically determined or dynamically determined. 
a. Prefer to have semi-statical determination for simplicity. 
Proposal 2:
Apply some degree of linkage of decoding candidates over different subframes for the same bundle, e.g. same aggregation level, same decoding candidate index, same DCI format. 
Proposal 3:
PDCCH in each subframe within bundle is individually coded, modulated and mapped to resources.

Proposal 4:

Support semi-static determination of starting subframe offset of bundled control channel transmission. 

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

Considering the working assumption from the last meeting, we do not need to provide periodic CSI over PUCCH. If we support A-CSI, eNB will need to request UE to transmit A-CSI regularly. This is not efficient for a meter device that is stationary over long time. An event driven UE initiated report of CSI would be sufficient as shown in the simulations. 

· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH
· FFS: Periodic CSI over PUCCH without repetition
Based on this analysis, we propose the following:

Proposal 5:
· For MTC devices, consider slow channel state feedback, e.g. transmitted on MAC header. 

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:
· Apply some degree of linkage of decoding candidates over different subframes for the same bundle, e.g. same aggregation level, same decoding candidate index, same DCI format. 
Proposal 3:
· PDCCH in each subframe within bundle is individually coded, modulated and mapped to resources.

Proposal 4:
· 
Support semi-static determination of starting subframe offset of bundled control channel transmission. 

Proposal 5:
· For MTC devices, consider slow channel state feedback, e.g. transmitted on MAC header. 
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