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1. Introduction
This contribution is revised from R1-124772. Simulation assumptions for SCH are added in the appendix. Simulation result for synchronization signals should be SCH detection probability but was written as PSS detection probability. They are corrected in the update.
In the last RAN#57 meeting, Vodafone provided the rationale and target of coverage improvement for low-cost MTC LTE UEs in [1]. The SID for the SI “study on provision of low-cost MTC UEs based on LTE” was updated correspondingly and approved in [2]. A 20dB coverage improvement compared to the defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted to serve MTC UEs installed in difficult property type. In this contribution, after identification of channels/signals for coverage improvement, we provide some candidate solutions for coverage improvement and some initial simulation results.
2. Identification of channels for coverage improvement
Before we analyse the coverage improvement techniques, it is necessary to identify which channels are required for the MTC UEs at extreme coverage. We analyse the necessity of each channel/signal as follows.
· Synchronization signals

The cell selection/reselection procedures allow the UE to select a suitable cell to camp on which is the premise of UE data transmission. Cell search is the fundamental step of cell selection/reselection and is performed by detection of primary and secondary synchronization signals. For the MTC UEs at extreme coverage, the synchronization signals are still needed to facilitate cell search procedure due to the fact that the MTC devices cannot know in which cell it will be installed in advance.
· PBCH

The UE acquires the SFN, PHICH configuration and the number of transmit antenna ports at eNodeB via PBCH. It can be seen that the PBCH conveys the basic information for decoding other channels. Depending on whether legacy PDCCH/PHICH are used, PHICH configuration information may be needed or not. But SFN and the number of transmit antenna ports at eNodeB are necessary information for the MTC UEs at extreme coverage thus PBCH is still needed.
· PCFICH

The time span of the DCI in each subframe is flexible and informed by PCFICH in that subframe. For the MTC UEs at extreme coverage, repetition may be used for PDCCH to improve the coverage which require the time span of the DCI during the repetition to be the same. The time span of DCI is better to be fixed. If ePDCCH or other enhanced PDCCH in the data region are used for MTC UEs at extreme coverage, PCFICH is not needed. 
· PRACH

PRACH is designed for random access procedure. Random access procedure may be initiated when RRC connection (re-)establishment, handover or some downlink/uplink data arrival happens or to facilitate positioning. For the MTC UEs at extreme coverage, at least RRC connection (re-)establishment will occure so PRACH is still needed.
· PDSCH/PUSCH

DL/UL data channels are always needed for data transmission. To achieve higher spectral efficiency, all the DL/UL data transmissions are conveyed on shared channels in the LTE system. For the MTC UEs at extreme coverage, one option is to keep using shared data channels and the other option is to consider dedicated channels. The traffic of MTC UEs is recognised to be intermittent and small packets. Besides, the CQI may be inaccurate due to long pause between CQI feedbacks leading to impact on AMC. It is expected that the degradation of spectral efficiency is acceptable. Note that using dedicated channels to replace shared channels will have significant impact on the specifications. 
· PDCCH

Physical downlink control channel carries scheduling assignments and other control information for PDSCH/PUSCH. If dedicated channels are used for MTC UEs at extreme coverage, downlink control channel is not needed any longer. If shared data channels are used, downlink control channel is needed. Note that downlink control channel may be PDCCH, ePDCCH or other enhanced PDCCH designed for MTC UEs.
· PHICH

PHICH conveys ACK/NACK for PUSCH. Since the function of PHICH can be replaced by PDCCH, PHICH can be neglected.
· PUCCH

PUCCH carries uplink control information including ACK/NACK, CQI and/or SR. Whether or not HARQ should be omitted has been studied from the cost savings perspective. It is not adopted as a cost saving technique for low-cost MTC LTE UEs since omitting HARQ cannot bring visible cost savings. However, from coverage perspective, omitting HARQ can improve the PDCCH performance by reducing the payload size of PDCCH and reduce the overhead of feedback. As mentioned above, the CQI of MTC UEs may be inaccurate so that omitting CQI feedback can be considered. SR is transmitted when uplink data arrives if UE specific PUCCH resource  for SR transmission is available. Otherwise, random access procedure is initiated to request uplink resources. For the MTC UEs at extreme coverage, if PUCCH is omitted, SR can be transmitted via random access.
Based on the above analysis, we give the following proposals:
Proposal 1: Synchronization signals, PBCH and PRACH are needed for MTC UEs at extreme coverage.
Proposal 2: PDSCH/PUSCH are needed for MTC UEs at extreme coverage. Alternatively, dedicated data channels can be considered to replace PDSCH/PUSCH.

Proposal 3: Downlink control channel may be needed or not for MTC UEs at extreme coverage depending on whether shared or dedicated data channels are used. Downlink control channel can be PDCCH, ePDCCH or other enhanced PDCCH.

Proposal 4: PHICH and PCFICH are not needed for MTC UEs at extreme coverage.

Proposal 5: PUCCH can be omitted for MTC UEs at extreme coverage depending on further evaluation on spectral efficiency.
3. Candidate solutions for coverage improvement and initial simulation results
The most straightforward way to achieve the target coverage improvement is to adopt deployment-based solutions, e.g. to deploy additional sites/relays/repeaters. No change is needed for the spec or the implementation of eNBs/UEs. Although the deployment cost increases, the cost of the eNBs/UEs may decrease due to the benefit from the scale of volumn shared with legacy LTE eNBs/UEs.
Observation 1: The deployment-based solutions are the most straightforward solutions to achieve the target coverage improvement without change of specifications or implementations.
Besides deployment-based solutions, the following candidate solutions for coverage improvement can be considered from the physical layer specifications and implementation perspectives. Some initial simulation results are given based on the same simulation assumptions used for MCL calculation for normal LTE in TR36.888.
· Synchronization signals 

· Energy combining

The synchronization signals are transmitted periodically. The UE can combine multiple transmissions to improve the energy of signal without change at the eNB side. The probability of SCH detection with 1/10/100 times signal energy combining is shown in Figure 1.
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Figure 1: SCH detection probability
With 90% SCH detection probability, 10 times signal energy combining provides 3.6dB gain while 100 times signal energy combining provides 7.8dB gain compared to no energy combining. To achieve the target coverage improvement, the signal energy combining times needs to increase further and the gain needs further evaluation. Note that the degradation of SCH detection performance due to some cost reduction techniques should be taken into account. 
Besides energy combining, the potential solutions listed below can be considered to further improve the performance of synchronization signals:
· power boosting

· longer sequence/new sequence
Observation 2: Energy combining can be applied to synchronization signals to improve coverage. The energy combining times needs further evaluation. Besides, other techniques can be considered to further improve the performance.
· PDSCH/PUSCH
· Repetition & energy combining
For the channels which are not transmitted periodically, repetition in the time domain can be considered to improve the link level performance. For PDSCH/PUSCH, on top of HARQ scheme which is already been used, each transmission with one RV can be repeated multiple times to further improve the performance. In order to evaluate the performance gain from repetition and energy combining, HARQ is not considered in the simulations. The simulation results of PDSCH and PUSCH are illustrated in Figure 2 and Figure 3 respectively.
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Figure 2: PDSCH BLER vs. SNR
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Figure 3: PUSCH BLER vs. SNR 

Significant performance gain can be observed from repetiton for both PDSCH and PUSCH. For PDSCH, it is observed that 10 times repetition can provide 9.3dB while 100 times repetition can provide 17.6dB gain over no repetition with 10% BLER. For PUSCH, it is observed that 10 times repetition can provide 7.4dB while 100 times repetition can provide 13.8dB gain over no repetition with 10% BLER.
Observation 3: The performance of PDSCH/PUSCH can be improved significantly by repetition.
· PBCH

· Energy combining
The PBCH is transmitted periodically within the predefined physical resources. The UEs can combine multiple transmissions to improve the PBCH performance. The link level performance of energy combining is expected to be similar to the PDSCH repetition and energy combining performance gain.
Observation 4: The performance of PBCH can be improved significantly by energy combining without change of specifications.
· PDCCH

· Repetition & energy combining

For PDCCH, repetition is also applicable. In order to facilitate the combination at the UE side, the starting subframe besides the number of repetition should be known at the UE side. The link level simulation result of PDCCH repetition and energy combining is illustrated in Figure 4.
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Figure 4: PDCCH BLER vs. SNR

It is observed that 10 times repetition can provide 7.4dB while 100 times repetition can provide 13.7dB gain over no repetition with 1% BLER.
Besides repetition, the following techniques can be considered to further improve the PDCCH performance:

· Compact DCI
· Higher aggregation levels
· Power boosting
Observation 5: Repetition provides visible performance gain for PDCCH. Other techniques can be considered to further improve the performance.
· PRACH
· Repetition & energy combining

The same repetition and energy combining scheme can be applied to PRACH. Similarly, the starting subframe besides the number of repetition should be known at the eNB side. Addtionally, different PRACH resources from the legacy PRACH resources need to be configured in order to facilitate the eNB to identify the MTC UEs at extreme coverage. The link level simulation results of PRACH repetition and energy combining is illustrated in Figure 5. 
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Figure 5: PRACH miss detection probability

It is observed that 10 times repetition provides 7.2dB gain with 1% miss detection probability. Performance gain from increasing repetition times needs further evaluation.
Observation 6: Repetiton provides visible performance gain for PRACH. Further evaluation is needed to see whether repetition can satisfy the target coverage improvement.
4. Conclusion

In this contribution, we first identify the necessity of the signals/channels for the MTC UEs at extreme coverage. The following proposals are given:
Proposal 1: Synchronization signals, PBCH and PRACH are needed for MTC UEs at extreme coverage.

Proposal 2: PDSCH/PUSCH are needed for MTC UEs at extreme coverage. Alternatively, dedicated data channels can be considered to replace PDSCH/PUSCH.

Proposal 3: Downlink control channel may be needed or not for MTC UEs at extreme coverage depending on whether shared or dedicated data channels are used. Downlink control channel can be PDCCH, ePDCCH or other enhanced PDCCH.

Proposal 4: PHICH and PCFICH are not needed for MTC UEs at extreme coverage.

Proposal 5: PUCCH can be omitted for MTC UEs at extreme coverage depending on further evaluation on spectral efficiency.
Regarding the coverage improvement solutions, deployment-based solutions would not impact the specifications or the implementations, thus we have the following observation 1:
Observation 1: The deployment-based solutions are the most straightforward solutions to achieve the target coverage improvement without change of specifications or implementations.
For other potential coverage improvement solutions with impact on specifications or implementations, we have the following observations from the initial simulation results:
Observation 2: Energy combining can be applied to synchronization signals to improve coverage. The energy combining times needs further evaluation. Besides, other techniques can be considered to further improve the performance.
Observation 3: The performance of PDSCH/PUSCH can be improved significantly by repetition.
Observation 4: The performance of PBCH can be improved significantly by energy combining without change of specifications.
Observation 5: Repetition provides visible performance gain for PDCCH. Other techniques can be considered to further improve the performance.
Observation 6: Repetiton provides visible performance gain for PRACH. Further evaluation is needed to see whether repetition can satisfy the target coverage improvement.
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Appendix

Table 1 Simulation assumptions for SCH evaluation
	Parameter
	Value

	System bandwidth
	20MHz

	Frame type
	TDD

	Carrier frequency
	2.6GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	UE velocity
	3 km/h

	Frequency offset
	0 Hz

	The number of interfered cell
	0

	Number of drops
	10000 (no combining) 、5000(10 times combining)、2000(100 times combining)


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.
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