3GPP TSG RAN WG1 Meeting #81                                                                       	                            R1-152912
Fukuoka, Japan, 25th – 29th May 2015

Source:	Panasonic
Title: 	Discussion and performance evaluation on PUSCH coverage enhancement for MTC UEs
Agenda Item:		6.2.1.4
Document for:	Discussion and Decision
Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#80bis [1], some link simulation aspects that can be considered in future link simulations for enhanced coverage was discussed [2]. In this contribution, we discuss some aspects on PUSCH coverage enhancement with focus on impact on frequency offset and the use of symbol level combining.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Symbol level combining and soft bit combining
Repetitions can be performed either using symbol level combining or soft bit combining. Fig.1 shows the PUSCH performance comparison between symbol level combining and soft bit combining. Cross-subframe channel estimation with 4 subframes and frequency hopping with hopping interval of 4 subframes are used. The detailed parameters are listed in the Appendix A.
For symbol level combining, up to 4 subframes are coherently combined at symbol level before demodulation. Channel estimation is carried out by using combined received reference symbol. Then, FDE is carried out by using channel estimate and combined received data symbol. After FDE, NRep/4 equalized received signals are simply combined to input the demodulator.
For soft bit combining, channel estimation is performed by averaging the channel estimate obtained from each subframe’s DMRS. FDE and demodulation is carried at each subframe and then, NRep LLR sequences are combined.
It can be seen from Fig.1 that symbol level combining and soft bit combining provide almost the same BLER performance. Considering that symbol level combining can reduce the buffer before demodulation and demodulation complexity, to allow symbol combining at least within the subframes of cross-subframe channel estimation is important. Chase combining is the simplest way to allow symbol combining as the received signals between subframes can be simply added. Based on above discussion, we propose following.
Proposal 1: Consider chase combining or encoding to allow symbol combining within the subframes of cross-subframe channel estimation.
[image: ]
Fig. 1 Comparison between symbol level combining and soft bit combining.

Residual frequency offset

We evaluate the impact of residual frequency offset on cross-subframe channel estimation. Cross-subframe channel estimation with 4 subframes and frequency hopping with hopping interval of 4 subframes is used. It can be seen from Fig. 2 that the residual frequency offset has a substantial effect on the performance of cross- subframe channel estimation. When constant frequency offset of 100Hz is assumed, cross-subframe channel estimation gain reduces by 2.5~3.0dB compared with 20Hz offset case. When uniformly distributed frequency offset between 100Hz is assumed, the gain reduces by about 1dB compared with 20Hz offset case. Although the gain from cross-subframe channel estimation with 4 subframes in the presence of constant 100Hz frequency offset is significantly reduced, constant 100Hz frequency offset would be extreme scenario. Considering the degradation in uniformly distributed frequency offset, 4 subframes could be reasonable number of subframes for cross-subframe channel estimation.
Observation 1: Residual frequency offset has a significant effect on the performance of cross-subframe channel estimation.
Proposal 2: The minimum number of subframes to support cross-subframe channel estimation should be at least 4 subframes.
[image: ]   [image: ]

           (a) Uniformly distributed between 100Hz                                           (b) Constant 100Hz 
Fig. 2 Impact on residual frequency offset on cross-subframe channel estimation.
Conclusion
In this contribution, we discussed some aspects on PUSCH coverage enhancement with focus on impact on frequency offset and the use of symbol level combining. Based on the discussion presented, we summarize our views through the following observations and proposal:
Observation 1: Residual frequency offset has a significant effect on the performance of cross-subframe channel estimation.
Proposal 1: Consider chase combining or encoding to allow symbol combining within the subframes of cross-subframe channel estimation.
Proposal 2: The minimum number of subframes to support cross-subframe channel estimation should be at least 4 subframes.
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Appendix A: Simulation parameters
	Parameters
	Value

	Number of antennas
	1×2 with low correlation

	Number of multiplexed UEs (signals) for multiple subframe code spreading
	1, 2

	Number of repetition
	NRep=1, 4, 8, 16, 32, 64, 128

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

	Frame format
	PUSCH 1RB

	MCS
	MCS5

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Timing error
	Ideal

	Residual frequency offset
	20Hz, 100Hz

	Channel estimation
	Realistic cross-subframe channel estimation

	Equalization
	MMSE-FDE
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