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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
	
	


Coverage improvement technique

· SS

Observations:
· From provided evaluation results, it seems that coverage enhancement requirement for SS can be achieved by

· Longer acquisition time

· Further study until the next meeting to confirm the “longer acquisition time”

· Additional performance evaluation could be helpful for initial acquisition and re-acquisition

· PBCH
Observations:
· Further analysis/evaluation is needed until the next meeting for PBCH by focusing on

· Repetition/Low rate coding/Spreading

· Note that repetition only can happen during 40 msec period assuming existing MIB

· Design new PBCH and/or new contents for some or all system information

· PSD boosting

· PRACH

Observations:
· Further analysis/evaluation is needed until the next meeting for PRACH by focusing on

· Relaxed requirements

· FFS: Loosen the detection threshold at eNB

· FFS: Change the false detection probability at eNB

· Design new PRACH, e.g., 

· Longer repetition compared to existing PRACH

· Longer sequence compared to existing PRACH

· PSD boosting/smaller bandwidth occupation compared to existing PRACH

· PRACH can be used to inform eNB the amount of coverage enhancement a low cost MTC UE needs

In this contribution, we provide our view on potential link-level solutions for coverage enhancement on PSS/SSS and PRACH required in the initial cell search and random access procedure [2], and summarize observations in aspects of link level performance, power consumption, specification impact, cell spectral efficiency, and cost analysis. 
2. PSS/SSS
In order to achieve coverage enhancement requirement on PSS/SSS, two potential solutions as “relaxed requirement” and “design new signals” could be reasonable to be adopted. According to the observations on evaluation results in RAN1#72, first of all, relaxed requirement can be made by allowing longer acquisition time for PSS/SSS. Combining with this (if longer acquisition time as a single solution is insufficient to meet coverage enhancement requirement or involved with unreasonable complexity/latency), new PSS/SSS structure can be introduced by transmitting additional PSS/SSS on top of legacy PSS/SSS during a given period. Note here that the symbol gap between adjacent PSS/SSS and/or the subframe gap between two adjacent PSS/SSS pairs and/or the sequence used for PSS/SSS is to be designed such that a normal legacy UE cannot detect the additional PSS/SSS (i.e. such that the additional PSS/SSS cannot be seen as those transmitted from a legacy cell at a normal legacy UE). 
■ Link level performance
▪ Performance gain is expected to be sufficiently achieved by accumulating more PSS/SSS energy with longer acquisition time and/or additional PSS/SSS combining. 
■ Power consumption
▪ Power consumption might be increased with longer acquisition time (nearly in proportion to acquisition window size) since it causes longer cell search time as well.
■ Impact on specification 
▪ Relaxed cell search requirement by allowing longer acquisition time is to be investigated/confirmed by RAN4, and introduction of new design with additional PSS/SSS transmission is to be discussed in RAN1 by taking legacy impact on cell search into account. 
■ Cell spectral efficiency
▪ Impact on cell spectral efficiency is not expected to be significant even with transmission of additional PSS/SSS due to low PSS/SSS resource overhead. 
■ Cost analysis
▪ Increase of UE cost caused by combining/accumulating more PSS/SSS is expected to be reasonable.
3. PRACH
In order to achieve coverage enhancement requirement on PRACH, two potential solutions as “design new signals” and “repetitions” could be reasonable to be adopted. New PRACH format can be designed by generating a longer preamble sequence with repetition of multiple existing preamble sequence (as shown in Figure 1). Note here that new longer preamble format may be required to be associated with (new) longer PRACH transmission period (i.e. timing gap) to avoid potential collision with legacy preamble format used by normal UEs, and information related to new longer preamble format (including period) is to be (MTC-dedicatedly) configured in advance, for example, via SIB. In addition (even without introducing new PRACH preamble format), repeated transmission of existing preamble format can be considered for PRACH coverage enhancement. Also for this solution, information related to PRACH repetition, for example, number of repetitions and dedicated PRACH resource, is to be defined/signaled in advance. 
■ Link level performance
▪ Performance gain is expected to be sufficiently achieved by accumulating more PRACH energy with use of longer preamble sequence and/or repeated PRACH combining. 

■ Power consumption
▪ Power consumption might be increased with increased PRACH transmission time since longer or more PRACH signals would be transmitted from a UE.

■ Impact on specification 
▪ New PRACH design with longer preamble sequence, repetition of existing PRACH format, and corresponding configuration is to be discussed in RAN1/2 (and RAN4) by taking coexistence with legacy format/UE (e.g. collision probability, resource availability) into account. 

■ Cell spectral efficiency
▪ Impact on cell spectral efficiency by applying new or repeated RACH would be dependent upon the number of MTC UEs actively transmitting RACH. 

■ Cost analysis
▪ Increase of UE cost caused by transmitting longer PRACH or repeating multiple PRACHs is not expected to be significant.
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Figure 1: An example of longer preamble format

Proposal 1: For the coverage enhancement on PSS/SSS, “relaxed requirement” (by allowing longer acquisition time) and “design new signals” (by transmitting additional PSS/SSS on top of legacy one) are to be introduced. 
Proposal 2: For the coverage enhancement on PRACH, “design new signals” (by adopting a longer preamble sequence) and “repetitions” (by repeatedly transmitting the existing preamble format) are to be introduced. 
4. Summary
We provided our view on potential link-level solutions for coverage enhancement on PSS/SSS and PRACH, and summarize observations in some aspects and impacts. Finally, we propose: 

Proposal 1: For the coverage enhancement on PSS/SSS, “relaxed requirement” (by allowing longer acquisition time) and “design new signals” (by transmitting additional PSS/SSS on top of legacy one) are to be introduced. 
Proposal 2: For the coverage enhancement on PRACH, “design new signals” (by adopting a longer preamble sequence) and “repetitions” (by repeatedly transmitting the existing preamble format) are to be introduced. 
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