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1. Introduction
In RAN#57, the SID of SI “study on provision of low-cost MTC UEs based on LTE” was updated in [1] to include study of coverage improvement. In the last RAN1#71 meeting, potential solutions targeting a 20dB coverage improvement compared to “normal” LTE UEs was discussed. Concepts for coverage improvement proposed in the meeting were summarized and listed in [2]. 
In this contribution, we first briefly analyze the necessity of channels for low-cost MTC UEs in bad locations in section 2. Link level performance, power consumption, specification impact, cell spectral efficiency and cost analysis with time domain repetition are given on a per channel basis in section 3 followed by a conclusion section. A companion text proposal for TR36.888 section 9 is provided in R1-130054.
2. Channel necessity for low-cost MTC UEs in bad locations 
In our contribution [3] for RAN1#71 meeting, we analyzed the necessity of each channel/signal. Synchronization signals, PBCH, PRACH, PDSCH/PUSCH and PDCCH are needed for low-cost MTC UEs in bad locations. A new section 9.3 in which elimination/simplification of channels, messages, payloads, procedures etc will be discussed was agreed for inclusion in TR36.888 in [2]. Here we briefly analyze which channels can be eliminated or simplified. 
· PCFICH
The time span of the DCI can be fixed so that PCFICH is not necessary for low-cost MTC UEs. Furthermore, if ePDCCH or other enhanced PDCCH in the data region are used for MTC UEs, PCFICH can be eliminated.

· PHICH
The function of PHICH can be replaced by PDCCH. Hence the PHICH can be eliminated for low-cost MTC UEs at the cost of increased overhead of UL grant.

· PUCCH
The function of SR transmission can be replaced by random access procedure. CQI feedback may be unnecessary for MTC UEs due to the traffic property of intermittent and small packets. Whether ACK/NACK feedback is useful is FFS depending on spectral efficiency analysis. Hence PUCCH may be eliminated depending on further evaluation on spectral efficiency.
· PBCH
Some of the information conveyed on PBCH may not be necessary for low-cost MTC UEs. The simplification of the payloads on PBCH can be considered. Furthermore, PBCH may be redesigned to achieve the coverage improvement target. 
· PDCCH

Although PDCCH can be eliminated if dedicated data channel is adopted, it is not preferable considering the significant impact on specification and implementation. The payloads on PDCCH may be simplified since some of the fields may not be needed for low-cost MTC UEs.
3. Analysis of physical channels and signals with time domain repetition
Time domain repetition can improve coverage since the receiver can accumulate the signals to achieve higher SNR. Time domain repetition can be identical repetition in different subframes or TTI bundling or HARQ retransmission or other forms.
According to the agreement in the last meeting, the coverage improvement targets for different channels are listed below in Table 1.

Table 1:
Coverage improvement target (unit: dB)
	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	Coverage improvement target (FDD)
	13.5
	19
	20
	15.3
	11.7
	11.4
	14.6

	Coverage improvement target (TDD)
	17.3
	20
	19.3
	18.6
	17.7
	17.4
	19.8

	Note 1: eNB is assumed with 2 Tx and 2 Rx in FDD systems.

Note 2: eNB is assumed with 8 Tx and 8 Rx in TDD systems.

Note 3: PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.


The link level performance, power consumption, impact on specification, cell spectral efficiency and cost analysis are given on a per channel basis as follows.
3.1. PSS/SSS
3.1.1 Description
The synchronization signals are transmitted with a 5ms periodicity for PSS and a 10ms periodicity for SSS. The UE can accumulate more PSS/SSS signals to improve the performance of cell detection. Consequently, the delay of cell search increases.
3.1.2 Link level performance
The link level performance gain of N times SCH energy accumulation is shown in Table 2. UE accumulates the correlation values of N radio frames. The simulation assumptions are listed in Table 7.
Table 2: SCH detection performance gain

	SCH accumulation times
	10
	32
	50
	100
	200

	PSS accumulation times
	20
	64
	100
	200
	400

	SSS accumulation times
	10
	32
	50
	100
	200

	Gain
	7.16dB
	11.56dB
	13.56dB
	16.08dB
	18.45dB


It is observed that SCH energy accumulation can achieve the coverage improvement target. For FDD, the SCH accumulation times is about 32; for TDD, the SCH accumulation times is between 100 and 200.
3.1.3 Power consumption
With the increase of energy accumulation times, the cell detection time becomes larger which results in power consumption increase. 
3.1.4 Impact on specification

Delay requirement for cell search needs to be relaxed in RAN4. There would be no impact on RAN1 specifications as long as the acquisition time and time/frequency tracking accuracy are acceptable. Otherwise, there may be some RAN1 specification impact. 
3.1.5 Cell spectral efficiency

Accumulating more SCH signals without change in SCH signals would not consume additional system resources, the cell spectral efficiency will not be impacted.
3.1.6 Cost analysis

SCH signal accumulation is not expected to increase the UE cost or the UE cost increase is negligible. 
3.2. PBCH
3.2.1 Description
PBCH conveys SFN and other system information which is transmitted during 4 consecutive radio frames. Although more physical resources can be allocated for PBCH within the 40ms TTI, it is still difficult to achieve the coverage improvement target without other approaches. New design for PBCH may be needed.
3.2.2 Link level performance

The link level performance gain of PBCH repetition is expected to be similar to PDSCH.
3.2.3 Power consumption
With increased repetition times, PBCH reception time increases so the power consumption becomes higher.
3.2.4 Impact on specification

New design for PBCH would cause specification impact in RAN1 maybe also RAN2.
3.2.5 Cell spectral efficiency

Since PBCH would occupy more physical resources, the cell spectral efficiency would degrade correspondingly.
3.2.6 Cost analysis

Whether the UE cost will increase depends on the new PBCH design.
3.3. PRACH
3.3.1 Description
Repetition can be applied to PRACH to improve the performance. The starting subframe in addition to the number of repetition should be known at the eNB side. Dedicated PRACH resources different from the legacy PRACH resources need to be configured in order to facilitate the eNB to identify different types of UEs.
3.3.2 Link level performance

The link level simulation results of PRACH repetition gain is shown in Table 3. The simulation assumptions are listed in Table 8.
Table 3: PRACH repetition gain

	PRACH repetition times
	10
	32
	100
	800

	Gain
	9.1dB
	13.1dB
	14.3dB
	16.6dB


It is observed that the gain becomes smaller when the repetition times increases. As a limiting channel, 800 times repetition cannot achieve the coverage improvement target.
3.3.3 Power consumption
Power consumption is expected to increase due to the transmission time becomes longer.
3.3.4 Impact on specification
The starting subframe and the repetition times need to be defined or new PRACH formats are defined. Higher layer signalling to inform the dedicated PRACH resources need to be designed. They will cause specification impact in RAN1 and RAN2.
3.3.5 Cell spectral efficiency

Dedicated physical resources are needed for the MTC UEs in bad locations, hence the cell spectral efficiency would degrade.
3.3.6 Cost analysis

The UE cost is not expected to increase due to PRACH repetition.
3.4. (E)PDCCH
3.4.1 Description
Currently PDCCH is a one shot transmission. In order to achieve a 20dB coverage improvement, time domain repetition can be considered. In order to facilitate the combination at the UE side, the starting subframe in addition to the number of repetition times should be known at the UE side.
3.4.2 Link level performance

The link level simulation results of PDCCH repetition gain is shown in Table 4. The simulation assumptions are listed in Table 9.
Table 4: PDCCH repetition gain

	PDCCH repetition times
	10
	100
	800

	Gain
	6.12dB
	13.5dB
	19.97dB


It is observed that 800 times repetition can achieve the coverage improvment target.
3.4.3 Power consumption
Power consumption is not expected to increase a lot since the UE needs to monitor PDCCH in each subframe anyway.
3.4.4 Impact on specification

Significant impact on RAN1 specification is expected. The starting subframe and the number of repetition times needs to be defined for (e)PDCCH. With hundreds of times repetition, the eNode B/UE processing delay becomes negligible, hence the number of HARQ processes can be reduced to 1 or 2. The timing relation between PDCCH and data channels may be impacted depending on the specific time domain repetition mechanism.
3.4.5 Cell spectral efficiency
The cell spectral efficiency degrades with PDCCH repetition.
3.4.6 Cost analysis

The UE needs additional buffer for all the PDCCH symbols or soft bits. On the other hand, the LLR buffer and HARQ buffer can be decreased if modulation order is restricted to be QPSK and the number of HARQ processes is reduced to 1 or 2. Hence the UE cost may not increase. 
3.5. PDSCH/PUSCH
3.5.1 Description
Currently, HARQ retransmission can be used to improve the data channel performance and TTI bundling can be used for PUSCH to improve the VoIP coverage. Both HARQ retransmission and TTI bundling can be deemed as time domain repetition. However, there are some restrictions and shortcomings if a 20dB coverage improvement is targeted e.g. bundle size, maximal number of uplink HARQ retransmission, scheduling overhead etc. The feasibility and impact of achieving 20dB coverage improvement via time domain repetition is evaluated and analyzed. The time domain repetition mechanism can be studied in the later stage.
3.5.2 Link level performance

The link level simulation results of N times PDSCH repetition gain is shown in Table 5 with the simulation assumptions listed in Table 10. The channel estimation is done independently on a per subframe basis.
Table 5: PDSCH repetition gain

	PDSCH repetition times
	10
	100
	400
	800

	Gain
	6dB
	12.9dB
	16.9dB
	18.5dB


The link level performance gain of N times PUSCH repetition is shown in Table 6 with the simulation assumptions in Table 11. The channel estimation is done independently on a per subframe basis.
Table 6: PUSCH repetition gain

	PUSCH repetition times
	10
	100
	800

	Gain
	6.3dB
	13.7dB
	19.6dB


It is observed that 800 times repetition can achieve the coverage improvement targets for PDSCH and PUSCH.
3.5.3 Power consumption
Power consumption is expected to increase due to the transmission/reception time becomes longer.
3.5.4 Impact on specification

Some specification impact is expected. For example, with hundreds of times repetition, the eNode B/UE processing delay becomes negligible, hence the number of HARQ processes can be reduced to 1 or 2. The repetition times may be needed to be informed to the UE. The timing relation between PDCCH and data channels may be impacted depending on the specific time domain repetition mechanism.
3.5.5 Cell spectral efficiency

Obviously, cell spectral efficiency degrades with time domain repetition since more resources are occupied. The spectral efficiency degradation equals 
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where f% is the percentage of UEs in bad locations and M is the repetition or transmission times. For example for PDSCH, the spectral efficiency degradation is 99.38% assuming 20% UEs are in bad locations and M equals to 800.
3.5.6 Cost analysis

The UE may needs additional buffer for PDSCH symbols or soft bits within the full bandwidth. On the other hand, the LLR buffer and HARQ buffer can be decreased if modulation order is restricted to be QPSK and the number of HARQ processes is reduced to 1 or 2. Hence the UE cost may not increase. 

4. Conclusion

Based on the evaluation and analysis in section 3, we have the following observations:

Observation 1: Time domain repetition can achieve the SCH, PDCCH, PDSCH and PUSCH coverage improvement targets. The coverage improvement target for PRACH cannot be achieved with 800 times repetition.
Observation 2: The power consumption is expected to increase with time domain repetition due to increased transmission/reception time. 
Observation 3: RAN1, RAN2 and RAN4 specifications will be impacted.

Observation 4: Cell spectral efficiency degrades significantly. 
Observation 5: UE cost is not expected to increase with time domain repetition.

5. References

[1]. RP-121441, “Updated SID for Study on Provision of low-cost MTC UEs based on LTE”, Vodafone, RAN#57
[2]. R1-125363, “Text proposal for TR 36.888 on coverage improvement”, Huawei, HiSilicon, RAN#71
[3]. R1-125247, “Analysis of coverage improvement for low-cost MTC LTE UEs”, CATT, RAN#71
Appendix
Table 7: Simulation assumptions for SCH evaluation
	Parameter
	Value

	System Bandwidth
	1.4 MHz

	Frame type
	TDD

	Carrier frequency
	2.6GHz for TDD

	Antenna configuration
	8x2, low correlation for TDD

	Channel model
	EPA

	Doppler shift
	1Hz 

	Frequency error
	1KHz

	Performance target
	10% miss probability


Note: The SCH detection is regarded as success if the physical cell ID is identical to that transmitted and the PSS timing difference between that detected and that transmitted is within 1 symbol.
Table 8: Simulation assumptions on PRACH for repetition
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	TDD

	Carrier frequency
	2.6GHz for TDD

	Antenna configuration
	1x8, low correlation for TDD

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	100Hz

	Format
	2

	Performance target
	1% BLER


Table 9:
 Simulation assumptions on PDCCH for repetition
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	TDD

	Carrier frequency
	2.6GHz for TDD

	Antenna configuration
	8x2, low correlation for TDD

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	100Hz

	Aggregation Level
	8

	Performance target
	1% BLER

	Channel estimation
	independent on a per subframe basis


Table 10: Simulation assumptions on PDSCH for repetition

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	TDD

	Carrier frequency
	2.6GHz for TDD

	Antenna configuration
	8x2, low correlation for TDD

	Channel model
	EPA

	Doppler shift
	1Hz

	TBS 
	20

	Number of  allocated DL PRBs
	2

	Transmission mode
	TM2

	Frequency error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	independent on a per subframe basis


Table 11: Simulation assumptions on PUSCH for repetition
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	TDD

	Carrier frequency
	2.6GHz for TDD

	Antenna configuration
	1x8, low correlation for TDD

	Channel model
	EPA

	Doppler shift
	1Hz

	TBS 
	20

	Number of allocated UL PRBs
	2

	Transmission mode
	TM1

	Frequency error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	independent on a per subframe basis
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