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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]New WID for MTC was agreed in RAN #65 [1]. One of the objectives is coverage enhancement corresponding to 15 dB for FDD for the Rel.13 low complexity UE category/type. Repetition over multiple subframes with several coverage enhancement techniques is one of necessary solutions. In RAN1#80 [2], to support multiple subframe channel estimation and frequency hopping over the system bandwidth are agreed for uplink data channels for Rel-13 low complexity UE in enhanced coverage while other techniques are FFS. 
In this contribution, we evaluate the PUCCH format transmission for UL-SCH.
Simulation results
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]We evaluate the link level performance of PUCCH format 2 based UL-SCH transmission. The detailed parameters are listed in the Appendix A.
Figure 1 plots the BLER performance of PUCCH format 2 based UL-SCH transmission with number NRep of repetitions as a parameter. Symbol level combining including multiple subframe channel estimation with NSF subframes is used. Frequency hopping over the system bandwidth is not applied in the evaluation. For comparison, PUSCH structure based transmission is also shown. It can be seen from Fig. 1 that PUCCH format 2 has slightly better performance than PUSCH, for example, about 1.5dB gain with NSF=4 and when large number of repetition (around 120) is needed.
Table 1 shows the required number of repetitions to obtain required coverage gain of 6dB, 12dB, and 18dB. Based on our simulation, PUCCH format 2 can reduce the required number of repetitions when the number of repetition is large. The amount of the improvement is similar to the DMRS density increase [3].
Compared with DMRS density increase with PUSCH structure, to carry data over PUCCH format requires more modification of the encoding/decoding chain. Therefore, instead of using PUCCH format, we propose to use PUSCH structure but to increase DMRS density in large coverage enhancement case [3]. CDM multiplexing gain of PUCCH format can be obtained by to apply spreading operation over PUSCH [4].
Observation: PUCCH format 2 has slightly better performance than PUSCH, for example, about 1.5dB gain with NSF=4 when large number of repetition (around 120) is needed. The amount of the gain is similar to increase PUSCH structure with additional DMRS.
Proposal: Instead of using PUCCH format 2, we propose to use PUSCH structure using multiple subframe code spreading. In large coverage enhancement case, to increase DMRS density is used.
[image: ] 
                             (a) NSF=1                                              (b) NSF=4                                             (c) NSF=8
Fig.1 BLER performance of PUCCH format 2 based UL-SCH transmission.
Table 1	Required number of repetitions
	
	PUCCH format 2
	PUSCH

	Required coverage gain
	6dB
	12dB
	18dB
	6dB
	12dB
	18dB

	NSF=1
	~15
	30~60
	>120
	8
	64
	>128

	NSF=4
	-
	-
	120
	4
	32
	>128

	NSF=8
	-
	-
	~120
	-
	32
	≈128


[bookmark: _GoBack]Conclusion
In this contribution, we showed link level simulation results on PUCCH format 2 based UL-SCH transmission. Based on the simulation result, we have following observation and proposal:
Observation: PUCCH format 2 has slightly better performance than PUSCH, for example, about 1.5dB gain with NSF=4 when large number of repetition (around 120) is needed. The amount of the gain is similar to increase PUSCH structure with additional DMRS.
Proposal: Instead of using PUCCH format 2, we propose to use PUSCH structure using multiple subframe code spreading. In large coverage enhancement case, to increase DMRS density is used.
Reference 
[1] [bookmark: _Ref371093820][bookmark: _Ref398825375][bookmark: _Ref398978696]RP-141660,	“New WI proposal: Further LTE Physical Layer Enhancements for MTC,” Ericsson, Nokia Networks
[2] 3GPP RAN1#80, Chairman’s note
[3] R1-151665, “DMRS density increase for MTC coverage enhancement,” Panasonic
[4] R1-151664, “Multiple subframe code spreading for MTC UEs,” Panasonic
Appendix A: Simulation parameters
	Parameters
	Value

	Number of antennas
	1×2 with low correlation

	Number of multiplexed UEs
	1

	Number of repetition
	NRep=15, 30, 60, 120 for PUCCH format 2
NRep=1, 16, 32, 64, 128 for PUSCH

	Channel model
	EPA (Doppler frequency, fD=1Hz)

	Frame format
	PUCCH format 2, PUSCH 1 RB

	MCS
	MCS 5

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Timing error
	Ideal

	Transmit power control error
	Ideal.

	Residual frequency offset
	20Hz

	Channel estimation
	Realistic multiple subframe channel estimation
 (Averaging over NSF=1, 4, 8 subframes)

	Equalization
	MMSE-FDE
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