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1.  Introduction
At RAN #56, some concerns on coverage issues were raised for the completion of SI “Provision of low-cost MTC UEs based on LTE”. Hence, an updated SID focusing on coverage improvement aspects was proposed and approved at RAN #57 [1]. From RAN1 #71 to #72, the potential technical solutions for different channels were discussed, and some agreements were reached at RAN1 #72 as follows, 
· Channels that may not be required and require no significant analysis or evaluation in the SI include

· PHICH

· PCFICH

· 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

In addition, at RAN1 #72, in order to align the evaluation results, the evaluation assumptions for PDSCH/PUSCH were agreed. In this contribution, we provide the further evaluation results for PDSCH/PUSCH based on the agreed evaluation assumptions. More specifically, we focus on the repetition scheme which was regarded as one of the potential link-level solutions for MTC coverage improvement. Also, some related system impacts are discussed in this contribution. 
2. Performance evaluation and analysis
2.1. Traffic model 
In Table I, the traffic models for MTC coverage improvement are summarized based on [2]. The two latency sensitive scenarios are scenario A and B, where the maximum one-way latency requirement is around 5 seconds. 

Table I. Traffic model for MTC coverage improvement

	
	Uplink
	Downlink

	
	Scenario A: Command-response traffic (triggered reporting)
	Scenario B: Exception reported by WAN module
	Scenario C: Periodic reports or Keep alive
	Scenario A: Command-response traffic (triggered reporting)
	Scenario B: Exception reported by WAN module
	Scenario C: Periodic reports or Keep alive

	Information 
	For response
	Exception report
	Periodic reports
	For command
	-
	-

	Size of packet
	~100 bytes
	~100 bytes
	~100 bytes
	~100bytes
	-
	-

	Latency tolerance
	· 10 seconds (downlink and uplink)

· ~5 seconds for uplink
	3-5 seconds
	not sensitive to latency (e.g. tolerance of 1 hour)
	· 10 seconds (downlink and uplink)

· ~5 seconds for downlink
	-
	-


2.2. Performance evaluation 
PDSCH

Based on the agreed simulation assumption as shown in the appendix, Figure 1 presents the PDSCH performance with repetition of 100 times with different channel estimation schemes, including ideal channel estimation, per-subframe real channel estimation, and multi-subframe joint channel estimation. In the multi-subframe joint channel estimation, a first-order IIR filter based channel estimation algorithm is utilized. 
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Figure 1. Performance of PDSCH with repetition of 100 times

It can be seen from the evaluation results that with traditional per-subframe real channel estimation, the required SNR is about -15 dB for targeting BLER of 10%, and there is about 4.3 dB gap compared to the required SNR of -19.3 dB. With enhanced channel estimation, e.g., multi-subframe channel estimation, the required SNR can be decreased to about -20.2 dB and the target of 20dB coverage gain can be satisfied.
PUSCH

Figure 2 presents the PUSCH performance with repetition of 100 times with different channel estimation schemes, including ideal channel estimation, per-subframe real channel estimation, and multi-subframe joint channel estimation. MCS 0 and 1PRB resource allocation are assumed in the evaluation.
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Figure 2. Performance of PUSCH with repetition of 100 times

It can be seen from the simulation results that similar to PDSCH, multi-subframe joint channel estimation can obtain significant gain compared with per-subframe channel estimation, and the required SNR is about -19.5dB at 10% BLER for PUSCH. However, compared with the agreed PUSCH performance target, i.e., -24.3dB, there is still almost 5dB gap existed. 
Besides the minimum required SNR, the other issue is that the traffic requirements need to be satisfied also when considering MTC coverage improvement based on agreements at RAN1 #72. It is noted that, in the evaluation of repetition above, RLC segmentation is actually assumed and each 100-bytes packet is split into 500 small packets, i.e., PDUs, with 16 bits each PDU transmitted with MCS0/1PRB. At the same time, the overhead of RLC/MAC header for RLC segmentation is not taken into account in the simulation. It means that, to accommodate the practical overhead and satisfy the requirements of packet size /latency, the transmission block size will have to be increased or the maximum repetition number for each transmission block will have to be reduced. Assuming overhead of RLC/MAC header for RLC segmentation are 1 byte for MAC and 1 byte RLC header, Table II provides the maximum repetition times allowed for different MCS to satisfy the 100-bytes packet within 5 seconds latency tolerance as agreed traffic model.
Table II. Maximum repetition times allowed for different MCS
	MCS(1PRB) 
	0 
	1 
	2 
	3 

	TBS 
	16 bits 
	24 bits
	32 bits
	40 bits

	Maximum repetition times allowed
	100 (ideal case)
	50
	100 
	150 


In Table II, the case of MCS of 1 is not a practical case since it assumes no MAC/RLC overhead in the RLC segmentation. Therefore, in the further evaluation we focus on the more practical cases, i.e., MCS of 1/2/3, assuming practical MAC/RLC overhead.  Assuming total MAC/RLC overhead of 16 bits, the maximum repetition times allowed to satisfy the 100-bytes packet within 5 seconds latency tolerance is calculated as 5000x(TBS-16)/800. More specifically, the maximum repetition times allowed are 50, 100 and 150 for MCS 1/2/3, respectively. Figure 3 presents the performance of PUSCH repetition with MCS1/2/3 and different number of subframes for repetition, and the required SNR values at 10% BLER are summarized in Table III.
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(c) MCS3

Figure 3. Performance of PUSCH with different repetition times and MCS levels
Table III. Required SNR for PUSCH with different repetition times and MCS levels
	
	Repetition of 50 times
	Repetition of 100 times
	Repetition of 150 times

	MCS1
	-17dB
	-19.5dB (latency is not satisfied)
	-20.5dB (latency is not satisfied)

	MCS2
	-16.5dB
	-18.5dB
	-20dB (latency is not satisfied)

	MCS3
	-16dB
	-18.2dB
	-19.8dB


As shown in Table II, the maximum repetition times allowed for MCS 1/2/3 and 50, 100, and 150, respectively. Looking at the corresponding results of required SNR in Table III, we can see that there is a 4.5-7.3 dB gap compared to the minimum required SNR of -24.3 dB agreed at RAN1 #72. 

Furthermore, some other practical issues are not considered in this contribution, and may need to be taken into account as well for the performance evaluation,
· The latency tolerance of 5 seconds in the traffic model may include all related procedures, e.g., access process, control information transmission process, data transmission process, etc. These would reduce the maximum repetition number and impact the coverage performance further.

· The repetition gain above is measured based on QoS target as 10% iBLER for each PDU before combining rather than the whole packet. However, if considering the possible more reasonable BLER target for the packet after PDU combining, a stricter BLER target will be applied for each PDU, and consequently the coverage gain will be reduced further.
2.3. System impacts

Besides the performance evaluation for coverage improvement, the system impacts from the repetition need to be considered carefully, 

· The impact on the performance of normal LTE UEs due to that large amount of resource are occupied for repetitive transmission
· Potentially increased implementation complexity, which could be more challenging for MTC UE from cost reduction point of view
· Huge power consumption due to repetitive transmission, which would be challenging for battery life of MTC UEs.
3. Conclusions

In this contribution, we provided the evaluation results and analysis on repetition for MTC coverage improvement in data channels, and our observations and proposal are as follows,
Observations

· The main challenge for coverage improvement for data channels is PUSCH, and even with multi-frame joint channel estimation, repetition seems not sufficient to reach the coverage target.

· The maximum repetition times allowed is limited by the requirement of packet size and maximum latency tolerance in traffic model. 

· The coverage gain for data channels may be degraded when some practical issues are considered, e.g., overhead for segmentation, latency for access/control, etc. 

· Besides coverage gain, additional impacts of repetition, e.g., impact on normal LTE UEs, system complexity, and power consumption, need to be carefully investigated.
Proposal

· Repetition is not sufficient for PUSCH to reach the coverage target, and further study on other solutions may be needed.
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Appendix
Table IV. Simulation assumptions on PDSCH for repetition

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz 

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler shift
	1Hz

	MCS 
	0

	Number of  allocated DL PRBs
	6 

	Transmission mode
	TM2

	Frequency error
	100Hz 

	Performance target
	10% iBLER

	Channel estimation
	Ideal channel estimation, per-subframe real channel estimation, and multi-subframe joint channel estimation


Table V Simulation assumptions on PUSCH for repetition

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD 

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	EPA

	Doppler shift
	1Hz

	MCS 
	0,1,2,3

	Number of allocated UL PRBs
	1

	Transmission mode
	TM1

	Frequency error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	Ideal channel estimation, per-subframe real channel estimation, and multi-subframe joint channel estimation
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