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Discussion and Decision
1
Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13 [4]. Key detailed objectives include –

· Specify a new Rel-13 low complexity UE category/type for MTC operation.
· 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.
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life
In this contribution, we consider the PSS/SSS design to accommodate system deployment for Rel-13 low complexity UE and for coverage enhancement.

2
PSS/SSS Enhancement

In RAN1#72, it was noted that the coverage improvement requirement for synchronization signals can be met by allowing a longer acquisition time.  This was based on performance results and analysis presented by multiple companies [1]-[3].  In RAN1#72bis, additional results for synchronization acquisition were provided and the observation was confirmed. Therefore, there was no need to modify the PSS/SSS with respect to coverage enhancement in Rel-12. However, UE power consumption reduction is also a design goal for Rel-13. This includes modification or redesign of channels and signals if it can achieve significant power consumption reduction. Similarly, reduction of the time that a UE is active (e.g. measurement time, measurement reporting, feedback signalling, etc) can be considered. In Rel-12, it was determined that the acquisition time for synchronization may be as high as up to 2 seconds for FDD per center carrier frequency due to the infrequent transmission. Re-synchronization can be performed quicker, but still may take a significant amount of time. As part of work for UE power consumption reduction, a new PSS/SSS design (or modification to the existing design) may be considered.
Proposal 1: Consider new PSS/SSS design or modification to reduce acquisition time and power consumption in coverage enhancement mode.
In addition, for Rel-13, some additional issues regarding system deployment may arise. In Rel-13, further complexity reduction will be considered on top of Cat-0 UE. One key feature would be reduced UE bandwidth to 1.4 MHz in downlink and uplink. From a system perspective, two deployment scenarios can be considered –

· Stand-alone 1.4 MHz (LTE-M) system – this system may not be backward compatible (e.g. different MIB and SIB structure and content, no support for PDCCH/PHICH/PCFICH) to legacy UEs and also other Rel-13 UEs not implementing MTC features. 
· Narrowband 1.4 MHz (LTE-M) UE in wideband LTE system – in this case, shortened subframe is used to accommodate the common channels for the legacy system. This means, for example, that the first three OFDM symbols are not used.

Thus, there is a need to differentiate LTE-M system that may not be backward compatible. There are several ways to address this issue. One way is to modify the PSS/SSS such that this information is provided through the synchronization signals e.g. via sequence timing or sequence design. Another approach is to modify the MIB or SIB such that UEs either cannot successfully decode the information or are provided with appropriate information for system access.
An advantage of the above PSS/SSS approach is that legacy UEs and other UEs not implementing MTC features will not attempt to decode the PBCH since they will not understand the new PSS/SSS design. This reduces unnecessary decoding attempts and helps save power in these UEs. Re-designing the PSS/SSS might not take considerable effort if Rel-8 design principles are used. However, UEs may have to support multiple PSS/SSS designs. In addition, performance might degrade if new sequences are used in addition to existing ones.
On the other hand, new MIB and SIBs may be adopted as part of complexity reduction and coverage enhancement work. Thus, without changing the PSS/SSS, other UEs will not be able to access the system if it doesn’t support this feature. The main issue here would be legacy UEs that will synchronize to the LTE-M carrier and will unsuccessfully try to decode the new MIB/SIB until they time out.   
Proposal 2: Consider new PSS/SSS design or modification to differentiate LTE-M system that may not be backward compatible.
3
Conclusion
In this contribution, we consider PSS/SSS design for both Rel-13 low complexity UE and coverage enhancement. Due to the potential issues of backward compatibility of the new system and supporting narrowband UE in wideband LTE system, as well as power consumption in coverage enhancement mode, the following proposals are made –

Proposal 1: Consider new PSS/SSS design or modification to reduce acquisition time and power consumption in coverage enhancement mode.
Proposal 2: Consider new PSS/SSS design or modification to differentiate LTE-M system that may not be backward compatible.
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