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1
Introduction
In RAN1 #82, the followings have been agreed for PUCCH for low complexity and/or coverage enhanced UE [1]:

Agreements:

· Starting offsets of the PUCCH resource(s) indicated by MTC SIB can be configured separately per PUCCH repetition level

· Detailed signaling is left to RAN2 by further considering the previous agreement regarding PUCCH narrowband region(s)

· FFS whether or not to have default value(s) for some repetition level(s)

· FFS how to determine a PUCCH repetition level for a UE

· At least for Rel-13 low complexity MTC UEs with no repetition, implicit PUCCH resource determination is used and it uses the mechanism for Rel-12 EPDCCH as a starting point. 

· FFS the details

· For UEs operating coverage enhancement for PUCCH
· Slot-level hopping across narrowbands is not supported.

In this contribution, we discuss on the remaining issues of PUCCH support for low complexity and/or coverage enhanced UE.
2
MTC-PUCCH 
It has been agreed that at least two narrowbands (i.e. PUCCH narrowband region) are used for M-PUCCH frequency hopping to achieve frequency diversity gain. In general, a higher frequency diversity gain can be achieved with a larger number of narrowbands for the frequency hopping in case of the repetitions.

The figure 1 shows the performance M-PUCCH according to the number of subbands (i.e. narrowbands) used for the repetitions, where 2 subbands and 4 subbands were used in a different channel condition (e.g. frequency selective and non-frequency selective). Also, cross-subframe channel estimation has been used for 4 consecutive subframes, therefore frequency hopping was performed every 4 subframes to allow cross-subframe channel estimation. Other details of the simulation assumptions are available in the table 1 in Annex.
From the figure 1, it can be observed that using larger number of subbands provide better performance by exploiting higher frequency diversity gain in a frequency selective channel (ETU). On the other hand, no meaningful difference is observed in non-frequency selective channel (EPA). Note that a coverage limited UE can easily experience a frequency selective channel given that its channel most likely doesn’t have a strong line of sight component in their channel.
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Figure 1. ACK error performance of MTC-PUCCH with repetitions according to the number of subband used for frequency hopping.
Proposal-1: more than two subbands are allowed for MTC-PUCCH subframe-based hopping.
Multiple uplink subbands may be used for MTC-PUCCH for higher PUCCH capacity since coverage limited UEs may consume a lot of PUCCH resources and/or a large number of MTC UE may be active at the same time. Therefore, the subband for a MTC-PUCCH should be configured or used in a UE-specific manner to multiplex a larger number of UEs in multiple subbands. 
Proposal-2: the subband location for MTC-PUCCH is determined in a UE-specific manner. 
3
Conclusion
In this contribution, we discussed on MTC-PUCCH for MTC UE in both normal and enhanced coverage cases. From the discussions, we propose followings:
Proposal-1: more than two subbands are allowed for MTC-PUCCH subframe-based hopping.

Proposal-2: the subband location for MTC-PUCCH is determined in a UE-specific manner.
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Annex
Table 1. Simulation Assumptions
	Parameter
	Setting

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1, low correlation

	Channel model
	EPA, ETU

	Channel estimation
	Realistic (averaging over 4 subframes)

	Resource allocation
	1 PRB

	Doppler spread
	1Hz

	Performance target
	1% BLER

	M-PUCCH structure
	1 PRB-pair without slot hopping

	Carrier frequency offset
	100Hz


