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1. Introduction

In RAN1#72, targeting a 20dB improvement compared to normal LTE UEs, physical channels and signals requiring analysis/evaluation on coverage were down-selected, and then possible link-level solutions and observations for coverage enhancement on the down-selected physical channels and signals were summarized as the following [1]. 

Agreements:

· Channels that may not be required and require no significant analysis or evaluation in the SI include

· PHICH

· PCFICH

Agreements:
· Other channels will require further evaluation and/or analysis in the SI

· SCH

· PBCH (or equivalent for system information)

· PRACH

· (E)PDCCH/PUCCH (may or may not be required)

· PDSCH/PUSCH

Agreements:
Table X: Possible link-level solutions for coverage enhancement for physical channels and signals

	         Channels/Signals

Solutions 
	PSS/SSS
	PBCH
	PRACH
	(E)PDCCH
	PDSCH/

PUSCH
	PUCCH
	RS

	PSD boosting
	x
	x
	x
	x
	x
	x
	x

	Relaxed requirement
	x
	
	x
	
	
	
	

	Design new channels/signals
	x
	x
	x
	x
	x
	
	x

	Repetitions/TTI bundling
	
	x
	x
	x
	x
	x
	

	Low rate coding
	
	x
	
	x
	x
	x
	

	Retransmission
	
	
	
	x
	x
	
	

	Spreading
	
	x
	
	x
	x
	x
	

	RLC segmentation
	
	
	
	
	x
	
	


In this contribution, we provide our view on potential link-level solutions for coverage enhancement on PDSCH/PUSCH, (E)PDCCH, and DMRS related to DCI scheduling and corresponding data transmission [2][3], and summarize observations in aspects of link level performance, power consumption, specification impact, cell spectral efficiency, and cost analysis. 
2. PDSCH/PUSCH
In order to enhance coverage on PDSCH/PUSCH, “TTI bundling” could be introduced as a potential solution. Besides, we can additionally consider frequency hopping (e.g. with pre-determined pattern) of PDSCH/PUSCH per TTI over the bundling window for achieving frequency diversity. Based on the simulation assumption (in Annex A) on PDSCH/PUSCH coverage enhancement agreed in RAN1#72, we provide required number of PDSCH/PUSCH repetitions and achievable throughput in Tables 1 ~ 4 according to the size of multi-subframe channel estimation under FDD environment. Firstly, observing PDSCH results provided in Tables 1 and 2, it seems that required number of PDSCH repetitions could be (relatively) reasonably determined within a range (approximately) from 40 to 70 (in case with 6 RBs) or from 50 to 90 (in case of 1 RB) for the given frequency error (as 20Hz or 100Hz). Moreover, combined with multi-subframe channel estimation, number of repetitions could be considerably reduced compared to the case with single subframe channel estimation. Secondly, observing PUSCH results provided in Tables 3 and 4, on the other hand, it seems that (relatively) large number of PUSCH repetitions might be required within a range (approximately) from 170 to 300 (in case with 6 RBs) or from 360 to 800 (in case of 1 RB) even with the help of multi-subframe channel estimation. Therefore, at least for the coverage enhancement on PUSCH, additional solution (e.g. power boosting on PUSCH DMRS or increase of PUSCH DMRS symbols) can be considered to be combined with PUSCH repetition. 
Table 1: PDSCH with 6 RBs

	FDD PDSCH transmission, SNR: -19.3dB, BLER: 10-1, 6 PDSCH RBs

	Frequency tracking error
	20Hz
	100Hz

	# of subframes for channel estimation
	1
	2
	3
	5
	1
	2

	# of PDSCH repetitions
	~70
	~50
	~45
	~40
	~70
	~65

	Throughput (bps)
	4.45E+03
	5.88E+03
	6.38E+03
	6.84E+03
	4.17E+03
	4.69E+03


Table 2: PDSCH with 1 RB

	FDD PDSCH transmission, SNR: -19.3dB, BLER: 10-1, 1 PDSCH RB

	Frequency tracking error
	20Hz
	100Hz

	# of subframes for channel estimation
	1
	2
	3
	5
	1
	2

	# of PDSCH repetitions
	~90
	~60
	~55
	~50
	~90
	~80

	Throughput (bps)
	3.95E+02
	5.12E+02
	5.78E+02
	6.13E+02
	3.75E+02
	4.14E+02


Table 3: PUSCH with 6 RBs

	FDD PUSCH transmission, SNR: -24.3dB, BLER: 10-1, 6 PUSCH RBs

	Frequency tracking error
	20Hz
	100Hz

	# of subframes for channel estimation
	1
	2
	3
	5
	1
	2

	# of PUSCH repetitions
	~390
	~260
	~190
	~170
	~410
	~300

	Throughput (bps)
	8.21E+02
	1.32E+03
	1.70E+03
	1.92E+03
	8.06E+02
	1.09E+03


Table 4: PUSCH with 1 RB

	FDD PUSCH transmission, SNR: -24.3dB, BLER: 10-1, 1 PUSCH RB

	Frequency tracking error
	20Hz
	100Hz

	# of subframes for channel estimation
	1
	2
	3
	5
	1
	2

	# of PUSCH repetitions
	>1000
	~600
	~470
	~360
	>1000
	~800

	Throughput (bps)
	< 2.52E+01
	4.80E+01
	7.55E+01
	9.21E+01
	< 2.52E+01
	3.89E+01


■ Link level performance
▪ Performance gain is expected to be achieved by accumulating more PDSCH/PUSCH energy with TTI bundling, probably combined with other solution (e.g. DMRS power boosting or increase of DMRS density). 
■ Power consumption
▪ Power consumption might be increased with increased transmission/reception time (in proportion to the number of PDSCH/PUSCH repetitions).
■ Impact on specification 
▪ Even though extension to a large bundling size would not lead significant work since currently TTI bundling is specified for UL, some potential issues related to, for example, DL HARQ process are to be discussed in RAN1.
■ Cell spectral efficiency
▪ Degradation of cell spectral efficiency caused by PDSCH/PUSCH repetition would be dependent upon the number of MTC UEs and the MTC traffic frequency. 
■ Cost analysis
▪ Increase of UE cost caused by PDSCH/PUSCH repetitions is not expected to be significant. 
3. (E)PDCCH
In order to enhance coverage on (E)PDCCH, “TTI bundling” and “low rate coding” could be introduced as the potential solutions. Regarding TTI bundling on (E)PDCCH first, multiple (E)PDCCHs conveying a same DCI to schedule a single data are to be transmitted over a few (e.g. 2 or 4) subframes, and can be combined at the UE receiver. To support this, information required for TTI bundled (E)PDCCH, for example, (E)CCE aggregation level and (E)PDCCH candidate index, is to be defined/signaled for UE. In case of low rate coding on (E)PDCCH, based on simulation results shown in Table 5-9 of TR 36.824 [4], it is estimated around 3dB gain by increasing CCE aggregation level from 4CCE to 8CCE. Naturally, one of basic technique is to increase the maximum supported (E)CCE aggregation level such as 16 or 32. Moreover, a shorter DCI (than format 1A/1C) may be considered for coverage-limited MTC UEs where MCS/TBS and resource allocation can be fixed or restricted in advance. 
■ Link level performance
▪ Performance gain is expected to be sufficiently achieved by accumulating more (E)PDCCH energy and applying lower coding rate with higher (E)CCE aggregation levels. 

■ Power consumption
▪ Power consumption might be somewhat increased due to increased number of (E)PDCCH/(E)CCE resources (as TTI bundling size or aggregation level increases).

■ Impact on specification 
▪ Introduction on scheduling of single DCI over multiple subframes and configuring higher (E)CCE aggregation level than 8 would be RAN1 discussion/decision issue to make additional control channel structure and corresponding HARQ process. 
■ Cell spectral efficiency
▪ Increase of (E)PDCCH blocking probability might be caused by TTI bundling and higher aggregation level from cell spectral efficiency perspective. 
■ Cost analysis
▪ Increase of UE cost caused by TTI bundling or higher aggregation level might be somewhat expected due to buffering operation on control channel and support of additional coding rate.

Furthermore, regarding more realistic coverage-limited situations, it is to be considered that TTI bundling is applied for both (E)PDCCH and corresponding PDSCH at the same time. First of all, it would be reasonable that UE is expected to receive/decode all bundled (E)PDCCHs before starting corresponding bundled PDSCH transmission, unless UE is equipped with capability to buffer entire system BW over multiple TTIs. Thus, considering low-cost aspect of MTC UEs, the gap between the last of (E)PDCCH and the first of PDSCH needs to be defined/configured (e.g. gap >= 0), and the starting subframe of bundled PDSCH can be determined by decoding (E)PDCCH. In addition, the starting subframe of (E)PDCCH bundling needs to be somehow informed to a coverage-limiting UE in order to prevent useless decoding operation which may not allow successful (E)PDCCH decoding. A simple mechanism to address the starting subframe index for the bundled (E)PDCCH is to prefix the location such that a transmission of (E)PDCCH bundling can occur at subframe n where n % M = k (e.g., M = 1000, k = 0), and UE will attempt to start (E)PDCCH decoding only on those subframes. When a number of bundled TTIs is fixed and a gap between (E)PDCCH and PDSCH is fixed, then a UE can determine the subframe index where the bundled PDSCH transmission would start upon detecting a scheduled DCI. In terms of selecting M and k, multiple approaches can be considered including higher layer configuration.
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Figure 1: Illustration of PDCCH and PDSCH bundling

4. DMRS
In order to enhance coverage on both DL/UL channels (e.g. PDSCH/PUSCH) by improving channel estimation with DMRS, applying “PSD boosting” and “design new signals” to DMRS could be introduced as the potential solutions. Regarding PSD boosting on DMRS symbols or REs, transmit power (i.e. TxP) offset or ratio can be applied between DMRS resources and non-DMRS resources belonging to a DL/UL channel. In case of UL channels, in particular, TxP offset value applied between DMRS and non-DMRS symbol is to be configured for UE in order to reflect it for UL power control. In addition, new DMRS pattern with simply increased number of DMRS symbols/REs can be adopted for the improved channel estimation used to demodulate corresponding DL/UL channels. To support this, additional DMRS patterns with increased density is to be designed by taking interpolation/performance into account, and UE is to be informed which DMRS pattern is applied for transmission/reception on which DL/UL channels. 
■ Link level performance
▪ Performance gain is expected on the DL/UL channels employing DMRS based demodulation by improving channel estimation with boosting TxP of DMRS symbol/RE and accumulating more DMRS energy. 

■ Power consumption
▪ Power consumption might be probably somewhat increased by increasing TxP of DMRS and the number of DMRS symbols/REs. 
■ Impact on specification 
▪ Power control aspect (especially, UL) is to be discussed/investigated in RAN1/4 by considering multi-UE multiplexing and interference effect between MTC UE and normal UE.
■ Cell spectral efficiency
▪ Impact on cell spectral efficiency by applying TxP boosting or increased density on DMRS might be reasonable or not significant. 

■ Cost analysis
▪ Increase of UE cost caused by boosting DMRS power or increasing DMRS resource is not expected to be significant.

Proposal 1: In order to achieve the coverage enhancement on PDSCH/PUSCH, “TTI bundling” and/or probably combined with other solution (e.g. boosting on DMRS power or increase of DMRS density) is to be introduced. 

Proposal 2: In order to enhance the coverage on (E)PDCCH, “TTI bundling” (by Introducing single DCI over multiple subframes) and “low rate coding” (by adopting higher (E)CCE aggregation level) are to be introduced. 

Proposal 3: For the coverage enhancement on DMRS, “PSD boosting” (by applying transmit power offset between DRMS and non-DMRS) and “design new signals” (by increasing DMRS symbols/REs) are to be introduced.
5. Summary
We provided our view on potential link-level solutions for coverage enhancement on PDSCH/PUSCH/ (E)PDCCH and DMRS, and summarize observations in some aspects and impacts. Finally, we propose: 

Proposal 1: In order to achieve the coverage enhancement on PDSCH/PUSCH, “TTI bundling” and/or probably combined with other solution (e.g. boosting on DMRS power or increase of DMRS density) is to be introduced. 

Proposal 2: In order to enhance the coverage on (E)PDCCH, “TTI bundling” (by Introducing single DCI over multiple subframes) and “low rate coding” (by adopting higher (E)CCE aggregation level) are to be introduced. 

Proposal 3: For the coverage enhancement on DMRS, “PSD boosting” (by applying transmit power offset between DRMS and non-DMRS) and “design new signals” (by increasing DMRS symbols/REs) are to be introduced.

References

[1] RAN1 Chairman’s notes, RAN1 #72
[2] R1-130263, “Cell Acquisition and Reference Signals for Coverage Limiting MTC UEs,” LG Electronics
[3] R1-130264, “Text Proposal on Coverage Enhancement for a MTC UE,” LG Electronics
[4] TR 36.824 v11.0.0
Annex A
Simulation assumptions on PDSCH

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Doppler spread
	1Hz

	MCS
	0

	Number of DL RBs
	6, 1

	Transmission mode
	TM2

	Frequency tracking error
	100Hz or 20Hz

	Performance target
	10% iBLER

	Channel estimation
	Realistic multiple subframes channel estimation 

	The minimum required SINR
	-19.3dB for FDD


Simulation assumptions on PUSCH

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	1x2, low correlation for FDD

	Channel model
	EPA

	Doppler shift
	1Hz

	MCS
	0

	Number of UL RBs
	1, 6

	Transmission mode
	TM1

	Frequency tracking error
	100Hz or 20Hz

	Performance target
	10% iBLER

	Channel estimation
	Realistic multiple subframes channel estimation

	The minimum required SINR
	-24.3dB for FDD


















































































































































