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1 Introduction
The new WI “Further LTE Physical Layer Enhancements for MTC” targets a 15 dB FDD relative LTE coverage improvement for Rel-13 low complexity UEs and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. Power consumption reduction is the new objective to be provided for Rel-13 low complexity UEs both in normal coverage and enhanced coverage [1].
In the UE power consumption reduction discussion during RAN1 #78b meeting, it was agreed [2]:
· Investigate whether the agreements and working assumptions from Rel-12 low cost MTC WI are applicable or whether further enhancements are needed
· Focus on PSS/SSS, PBCH, and PRACH in RAN1 #79 meeting and focus on other channels in RAN1 #80 meeting

· UE power consumption is the new aspect to be considered

In this contribution, we will discuss whether the PSS/SSS Rel-12 agreements in coverage enhancement are applicable from the power consumption reduction perspective.
2 Discussion
Since the existing synchronization signals (PSS/SSS) are transmitted within 6PRBs, they can be detected by Rel-13 low complexity UEs with 1.4MHz operating bandwidth at the centre of system bandwidth. For PSS/SSS coverage enhancement (CE) to reach 10dB/15dB relative LTE CE, based on MCL values of each channel [3], we calculate the dB numbers to be compensated for Rel-13 normal complexity UEs and low complexity UEs in [4] and extract SCH in Table 1 as below. 
Table 1 Required CE for PSS/SSS to reach 10/15dB FDD relative LTE CE target (dB)*
	
	SCH Nominal coverage (MCL)
	Target MCL for 10dB relative LTE CE
	Compensations to reach 10dB relative LTE CE target with respect to their nominal coverage
	Target MCL for 15dB relative LTE CE
	Compensations to reach 15dB relative LTE CE target with respect to their nominal coverage

	Normal complexity UEs
	149.3
	150.7
	1.4
	155.7
	6.4

	New low complexity UEs
	145.3
	147.7
	2.4
	152.7
	7.4


* 3dB UL loss for reducing transmit power and 4dB DL loss for 1R are assumed in the calculation
In Rel-12, techniques for PSS/SSS CE were discussed for 20dB relative LTE CE target (11.4 dB compensation for FDD), and the following agreements were achieved [3]
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[5]:
· The coverage enhancement requirement for PSS/SSS can be achieved by longer acquisition time

· Initial synchronization requires up to 2 seconds for FDD per a center carrier frequency 

· Re-synchronization can be performed quicker

· PSD boosting can be considered a complementary solution

· New PSS/SSS design may need to be considered if the longer time and freq. acquisition and associated power consumption increase are not considered acceptable
Techniques identified during Rel-12 include three aspects:
Technique 1: Accumulation of the existing signals with a longer acquisition time
This solution utilizes the periodicity characteristic of the existing PSS/SSS, obtaining energy accumulation gain with no change in RAN1 specification. However, the longer acquisition time, the higher the UE power consumption. The number of accumulated PSS/SSS and the performance gains provided was evaluated during Rel-12 and illustrated in [6]. The trend is that larger amount of accumulation would be required when we pursue gains to reach more extreme CE target. That means the accumulation is not as efficient in high CE levels as it is in low CE levels due to “diminishing returns”. 
With the reduced target from 20dB to 15dB in Rel-13, the dB value to be compensated for PSS/SSS remains slightly more than a half (from 11.4dB to 6.4dB/7.4 dB). For initial synchronization, a great deal of time would be reduced from the amount of 2 seconds for FDD per a center carrier frequency as well as power consumption. Further if 10dB is targeted for relative LTE CE, only 1.4dB/2.4dB compensation is left for PSS/SSS, which may be achieved by several accumulations and marginal power consumption increasing.
Considering that Rel-13 low complexity UEs is likely to have reduced mobility support, once the UE acquires information (i.e., cell ID, CP type and FDD/TDD mode) during the initial access, it can perform re-synchronization much faster and accurately because some blind detection can be avoided. Thus, it is expected that the increase in UE power consumption due to initial longer acquisition time would have limited impact and could be acceptable.
Observation: The acquisition time and associated power consumption increase of accumulating the existing signals could be acceptable.
Technique 2: PSD boosting
PSD boosting can be considered as a network implementation solution. The UE power consumption will be reduced as more energy is concentrated on PSS/SSS. However, PSD boosting would cause scheduling restriction for other UEs not detecting PSS/SSS, as data for other UEs could not be transmitted on REs from which the power is borrowed. PSD boosting should be a complementary solution used for system bandwidth larger than 1.4MHz.
Technique 3: New PSS/SSS design
New PSS/SSS design claims to reduce UE power consumption by shortening the acquisition time. However, cell spectral efficiency will degrade as the existing PSS/SSS signals are anyway required for legacy UEs. As not all networks may need coverage improvement, both legacy and new PSS/SSS have to be supported which has negative impact on UE complexity. Introducing new PSS/SSS has been discussed by RAN1 in the context of other features in the past and has always had concerns on the amount of RAN1 specification effort implied. As the acquisition time and associated power consumption of existing PSS/SSS could be acceptable, there is no need to introduce new PSS/SSS design.
Proposal: It is not necessary to introduce new PSS/SSS.
3 Conclusion 
In this contribution, Rel-12 agreements for PSS/SSS are investigated for coverage improvement in Rel-13 considering UE power consumption reduction as an additional objective, we observe and propose:
Observation: The acquisition time and associated power consumption increase of accumulating the existing signals could be acceptable.
Proposal: It is not necessary to introduce new PSS/SSS.
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