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1 Introduction
In the RAN #60 meeting, the objective of “Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage” was approved in the WID [1]. In this contribution, the necessity and coverage improvement of PUCCH and (e)PDCCH for coverage limited MTC UEs are discussed, and a few proposals  are given.
2 Discussion
2.1 PUCCH

2.1.1 Necessity analysis

According to the TR 36.888[2], “the necessity of supporting PUCCH for MTC UEs in extreme coverage scenario could be further evaluated”. The WID assumes that repetition will be applied to PUCCH. The following analysis focuses on the analysis of the functionality for PUCCH.
SR

SR (scheduling request) can be transmitted via PUCCH SR resource or by a random access procedure. However, the collision probability of random access would increase if every SR is replaced by random access. Therefore, SR functionality should be reserved for PUCCH to avoid serious RACH collision.
ACK/NACK 
If the functionality of ACK/NACK via PUCCH is eliminated, the RLC ARQ or application mechanism may be used to guarantee the performance of PDSCH transmission. However, a stricter initial BLER (e.g., 1% instead of 10%) for PDSCH should be required in order to avoid excessive retransmission in higher layer. The stricter initial BLER would consume more PDSCH resource, and the increased DL resource overhead may be larger than the UL resource for ACK/NACK transmission via PUCCH. Moreover, ACK/NACK may help to save PDSCH resources as it can stop retransmission when eNB has correctly received the block. Therefore, ACK/NACK functionality should be reserved for PUCCH for MTC UEs in extreme scenarios.
CSI 
CSI is used to feed back the channel condition which an MTC UE experienced. The eNB can select a best subband for a UE, which is beneficial to coverage improvement. But it may be acceptable to lose this benefit for the small number of MTC UEs in extreme coverage scenarios. 

In addition, an MTC UE in the extreme coverage would be almost static and the channel condition varies slowly. Periodic CQI feedback via PUCCH may not be needed. Aperiodic CSI feedback via PUSCH can be considered if CSI feedback is necessary. 

Proposal 1: SR and ACK/NACK functionality of PUCCH should be supported for coverage limited MTC UEs.
2.1.2 Coverage improvement for PUCCH
Simulation results in the TR36.888 [2] show 50~100 times repetition of Format 1a could achieve 20dB coverage enhancement target. Given the relative LTE coverage improvement is changed to 15dB and not all MTC UEs need the largest enhancement, Table 1 lists the amount of repetitions with respect to different coverage improvement requirement which are shown in [3]. 
Table 1 Simulation results for PUCCH (Format 1a) for FDD
	Additional coverage improvement requirement/Required coverage improvement for PUCCH
	5dB/0dB
	10dB/3.5dB
	15dB/8.5dB

	The amount of repetitions for Format 1a
	0
	2
	9


It can be seen that 9 repetitions of Forma 1A could achieve 8.5dB performance gains, which meets 15dB additional coverage improvement requirements. Since current PUCCH only supports up to 6 times repetitions, the extension of the maximum number of repetitions is needed.
Proposal 2: The extension of the maximum number of repetition is needed.
2.2 PDCCH
Note that ePDCCH is not excluded by the WID, depending on other work of Rel-12. The discussion below is focused on the PDCCH.
2.2.1 Necessity analysis
An important functionality of PDCCH is resource allocation, including the amount of PRBs and the frequency location. If the PDCCH for UE-specific search space is eliminated, a fixed time-frequency resource needs to be pre-defined and reserved for DL transmissions and UL grants for a group or all of MTC UEs in case there is DL transmission for UEs or UEs have data to transmit. This may result in a strict scheduling restriction and resource wasting as the MTC UEs may have no data to receive or transmit on the fixed resources. Moreover, power consumption will be increased as MTC UEs have to detect DL fixed resource all the time no matter if there is DL transmission. In order to avoid the drawbacks above, the PDCCH for UE-specific search space should be required.

Proposal 3: PDCCH for UE-specific search space should not be required for coverage limited MTC UEs. 

For PDCCH used for common search space, it is worth considering an alternate mechanism. Since only 16CCEs are applied for common search space and more PDCCH resources (e.g., more CCEs) will be needed for MTC UEs in extreme scenarios, the collision among the PDCCH for SIB, RAR, and paging may frequently happen. Thus, MTC UE’s access time, paging-to-awaking time will be prolonged and the UE’s power consumption will be increased. So a scheduling restriction (e.g., use of pre-defined resources) on SIB/RAR/paging operation can be considered.
Proposal 4: A restriction scheduling (e.g., use of pre-defined resources) on common search space can be considered for coverage limited MTC UEs. 
2.2.2 Coverage improvement for PDCCH
In order to achieve 15dB additional coverage improvement requirement, PDCCH needs to compensate 13.6dB for FDD when a single RF chain is applied (4dB degradation is assumed for single RF chain). Since not all MTC UEs need the largest enhancement, Table 2 lists the amount of repetitions with respect to different coverage improvement requirement. Simulation assumptions are shown in appendix and PSD boosting is not assumed in the simulation. Simulation results show that 75 repetitions of PDCCH can meet 15dB additional improvement requirement.
Table 2 Simulation results of PDCCH for FDD
	Additional coverage improvement requirement/Required coverage improvement for PUCCH
	5/3.6
	10/8.6
	15/13.6

	The amount of repetitions 
	3
	17
	75


Observation 1: 75 repetitions of PDCCH can meet 15dB additional improvement requirement.
The repetitions can be realized in multiple subframes, or within a subframe.  For example, PDCCH can be transmitted firstly in multiple subframes, and then the respective PDSCH is transmitted. Or PDCCH can be transmitted in a subframe, for example, using a higher aggregation level. The selection of the mechanism should get a consensus between the MTC UEs and the system.
The repetition factor, or the repetition number for PDCCH can be decided according to the additional coverage improvement requirement, which can be acquired from PRACH process as discussed in [6]. The bundle size of the respective PDSCH can also be related to the pass loss confirmed already. However, the timing between PDCCH and PDSCH may have to be changed; the PDSCH transmission would either in the same subframe of the repeated PDCCH, or from the subsequent subframe of the last repeated PDCCH subframe. This is acceptable for delay tolerant MTC services.
Other techniques, such as compact DCI, could also be investigated if time permits, although investigating reduction in the fields of the DCI to aid spectral efficiency is not currently supported by the WID.
3 Conclusions

Some discussions are given in this discussion, and following proposals and observation are concluded accordingly: 
Proposal 1: SR and ACK/NACK functionality of PUCCH should be supported for coverage limited MTC UEs.
Proposal 2: The extension of the maximum number of repetition is needed.
Proposal 3: PDCCH for UE-specific search space should not be required for coverage limited MTC UEs.

Proposal 4: A restriction scheduling (e.g., use of pre-defined resources) on common search space can be considered for coverage limited MTC UEs. 

Observation 1: 75 repetitions of PDCCH can meet 15dB additional improvement requirement.
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Appendix 
Simulation assumptions on PDCCH for repetition
	Parameter
	Value

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1, low correlation for FDD

	Channel model
	EPA

	Doppler spread
	1Hz

	DCI format
	Format1a

	Aggregation level 
	8 CCE

	Performance target
	1% BLER








