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1 Introduction

During RAN #65 meeting, “New WI proposal: Further LTE Physical Layer Enhancements for MTC” [1] was approved. One objective of this work item is to target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage: 
· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this: 
· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH) 
· Elimination of use of control channels (e.g. PCFICH, PDCCH) 
· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH) 
· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH) 
· Uplink PSD boosting with smaller granularity than 1 PRB 
· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered) 
· New physical channel formats with repetition for SIB/RAR/Paging 
· A new SIB for bandwidth reduced and/or coverage enhanced UEs 
· Increased reference symbol density and frequency hopping techniques 
· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level. 
· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined. 
· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviors of a Rel-13 low complexity UE configured with the coverage enhancement techniques. 
· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs. 
In this contribution, the coverage improvement target and concepts for coverage improvement are discussed. 
2 Coverage improvement target
For Rel-13 low complexity UEs, an additional coverage requirement of 15 dB improvement is targeted for FDD [1]. The following cost reduction techniques may be used for “Rel-13 low complexity UEs”:  single receive RF chain, reduction of UL/DL RF bandwidth, and reduction of UL transmit power, etc. Different cost reduction techniques would bring different coverage degradation impact on  UL/DL physical channels/signals. For example, Single receive RF chain would cause coverage loss to all downlink channels, Reduction of UL transmit power would cause coverage loss to all uplink channels, and Reduction of UL/DL RF bandwidth would cause coverage loss to the (E)PDCCH and PUCCH.  MCLs for the possible combinations of the above mentioned low cost/complexity techniques are summarized in Table 2.1. 
Table 2.1 Summary of the MCLs of UL/DL physical channels/signals (unit: dB) 
	
	PUCCH
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

	Single receive RF chain
	147.2
	141.7
	140.7
	141.4
	145.0
	145.3
	142.1

	Single receive RF chain + Reduction of RF bandwidth 
	145.2
	141.7
	140.7
	141.4
	145.0
	145.3
	140.1

	Single receive RF chain + Reduction of RF bandwidth + Reduction of transmit power 
	142.2
	138.7
	137.7
	141.4
	145.0
	145.3
	140.1

	NOTE 1: PUSCH or PDSCH is at the data rate of 20 kbps.
NOTE 2: PUCCH is PUCCH format 1A, and PDCCH carries DCI format 1A.


In order to achieve an overall coverage improvement target of 15dB, coverage improvement gaps for each UL/DL physical channel for possible combinations of the above mentioned cost reduction techniques are listed in Table 2.2. The coverage improvement gap of EPDCCH is similar to that of PDCCH if the same number of REs is used. 
Table 2.2 Coverage improvement gap for each UL/DL physical channel 
in order to achieve an overall coverage improvement target of 15 dB (unit: dB) 
	
	PUCCH 
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH 

	Single receive RF chain
	8.5
	14
	15
	14.3
	10.7
	10.4
	13.6

	Single receive RF chain + Reduction of RF bandwidth 
	9.9
	13.4
	14.4
	13.7
	10.1
	9.8
	15

	Single receive RF chain + Reduction of RF bandwidth + Reduction of transmit power 
	10.5
	14
	15
	11.3
	7.7
	7.4
	12.6


Proposal 1: Different coverage improvement gaps for each UL/DL physical channel should be considered for each potential cost reduction techniques for “Rel-13 low complexity UEs”. 
3 Concepts for coverage improvement
This section provides the possible link-level solutions and additional considerations for coverage improvement of UL/DL physical channels and signals. 
3.1 Possible link-level solutions
More energy can be accumulated to improve coverage by prolonging transmission time by TTI bundling/repetition. For PUSCH/PDSCH, TTI bundling/repetition/HARQ retransmission can improve the coverage. Different TTI bundle size or repetition times may be considered for different coverage target/level. The maximum number of HARQ retransmissions may be extended to achieve better performance. Repetition technique across multiple subframes also can be applied to PBCH, (E)PDCCH, PUCCH and PRACH for coverage improvement. Repetition is the most important technique for coverage improvement. 
Reduced control payload could be applied to (E)PDCCH/PUCCH for coverage improvement. For example, compact DCI and higher aggregation level for (E)PDCCH could help to reduce the required number of repetitions. The new low rate coding schemes and/or reduced MIB payload can be considered to improve PBCH coverage. Reduced maximum TBS could be applied to PDSCH/PUSCH for coverage improvement. 
New design of channels or signals for better coverage is possible if implementation based schemes cannot meet coverage improvement requirement. For example, if the longer sync and system acquisition time and associated power consumption increase are not considered acceptable, a new PRACH preamble format, and/or a new SIB mechanism may need to be considered. 

According to the evaluations from different sources, frequency hopping during repetitions could help to reduce the required number of repetitions for PRACH/PUCCH/(E)PDCCH/PUSCH/PDSCH. The benefit of increased RS density is not clear for PUSCH/PDSCH since the evaluation results from different sources were not aligned. 
Proposal 2: TTI bundling/repetition, reduced control payload/TBS , new design of channels or signals, and frequency hopping should be considered with high priority to achieve coverage improvement in Rel-13. 
For the purpose of the coverage improvement, the performance requirements for some channels could be relaxed considering the characteristics (e.g., greater delay tolerance) of MTC UEs at extreme scenarios. For example, a loosened PRACH detection threshold rate and a higher false alarm rate at eNB could be considered for PRACH, and a loosened initial UE system acquisition time could be considered for SIBs. The specific acceptable delay requirements for different physical channels/signals have not been provided in Rel-12 
Proposal 3: The specific   delay requirements for different physical channels/signals should be provided for MTC UEs in Rel-13. 
3.2 Additional Considerations 
Elimination of control channels 
HARQ ACK/NACK for PUSCH transmission is carried by PHICH. Control Format Indicator (CFI) in PCFICH is transmitted in each subframe and indicates the number of OFDM symbols used for transmission of PDCCH. DL Control Information (DCI) for DL assignment of PDSCH transmission and UL grant of PUSCH transmission is carried by PDCCH. 
Considering that MTC UEs only need to support 1.4 MHz RF bandwidth, legacy PCFICH/PHICH/PDCCH would not be applicable any more. One solution is to re-design PCFICH/PHICH/PDCCH for MTC UEs. These channels would need to be sent within the RF bandwidth supported by MTC UEs, and a common search space would also need to be defined. The corresponding PUCCH resource mapping for HARQ-ACK may also be affected. Significant specification impact is expected. Another solution is to eliminate the use of PCFICH/PHICH/PDCCH for MTC UEs. In the case, PHICH can be replaced by EPDCCH. PDCCH can also be replaced by EPDCCH, or (E)PDCCH-less scheduling can be supported (e.g., for common control messages). By additional processing in UE (e.g. reception assuming different CFI) or higher-layer signalling (e.g. pre-configuration of CFI), CFI can be acquired. 
Legacy PBCH could be re-used for MTC UEs. Considering the necessity of functions including scheduling request, HARQ ACK/NACK and/or CQI feedback, use of PUCCH should not be eliminated. 
Proposal 4: PCFICH/PHICH/PDCCH should be eliminated for MTC UEs in Rel-13. 
Configuration on the amount of coverage improvement 
For different physical channels/signals, multiple coverage improvement levels should be supported, and the same or different configuration methods on the amount of coverage improvement could be used. 
The following methods could be considered: 

· For unicast channels: 
· Blind detection; 

· UE-specific RRC signaling; 

· UE-specific physical layer signaling (e.g., DCI); 

· The amount of coverage improvement of another physical channel/signal (e.g., PRACH); 
· Combination of the above methods; 
· Others.

· For common control channels: 
· Blind detection; 
· Broadcast MIB/SIB signaling; 
· Always using the fixed amount of coverage improvement; 
· Combination of the above methods; 
· Others. 

Due to the restriction of measurement and control overhead during initial access, it is preferable to determine the initial amount of coverage improvement for any unicast channel by PRACH coverage improvement level. 
Proposal 5: For any unicast channel, the initial amount of coverage improvement may be determined by PRACH, but the subsequent amount of coverage improvement may be adjusted, e.g., by DCI. For any common control channel, configuration on the amount of coverage improvement may depend on the specific coverage improvement solution of the common channel. 
4 Conclusions

In this contribution, we have provided the coverage improvement target and concepts for coverage improvement. The following proposals are provided: 
Proposal 1: Different coverage improvement gap for each UL/DL physical channel should be considered for each potential cost reduction techniques for “Rel-13 low complexity UEs”. 
Proposal 2: TTI bundling/repetition, reduced control payload/TBS , new design of channels or signals, and frequency hopping should be considered with high priority to achieve coverage improvement in Rel-13. 
Proposal 3: The specific   delay requirements for different physical channels/signals should be provided for MTC UEs in Rel-13. 
Proposal 4: PCFICH/PHICH/PDCCH should be eliminated for MTC UEs in Rel-13. 
Proposal 5: For any unicast channel, the initial amount of coverage improvement may be determined by PRACH, but the subsequent amount of coverage improvement may be adjusted, e.g., by DCI. For any common control channel, configuration on the amount of coverage improvement may depend on the specific coverage improvement solution of the common channel. 
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