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1. Introduction
The Rel-15 WI on “Even further enhanced MTC for LTE” [1] has the following WI objective for machine-type communications for BL/CE UEs:
· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]

· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance
In RAN1#92, RAN1 made the first agreements leading to the Re-Synchronization Signal, RSS:

Working assumption

· For eMTC, a new periodic synchronization signal is introduced.

· The new periodic sync signal is configurable (including OFF/ON configuration)

· FFS on the functionality/information provided by the synchronization signal, including 

· whether the additional synchronization signal can provide WUS-related information for a subset or a group of POs

· In case the additional synchronization signal provides WUS-related information, FFS whether there is an additional WUS/DTX signal, which may be separately configured.

· In case the additional synchronization signal does not provides WUS-related information, there is an additional WUS/DTX signal

· System information change notification

· FFS on location of the sync signal

· The new synchronization signal can be used also for non-WUS purposes (e.g. by UEs that need to synchronize after exiting PSM state)

· FFS whether the “new sync signal” can reuse the NB-IoT WUS sequence or a different sequence.

 Agreement
The new periodic synchronization signal has the following characteristics:
· The new periodic synchronization signal can be used for re-synchronization
· One (or more) complex valued base sequence(s) Si spanning at least one symbol

· FFS: New synchronization signal may include a cover code that may be applied to the repetitions. Candidate operations for the cover code include 

· Multiplication with {+1, -1}, i.e. {Si, -Si}

· Multiplication with {1, e-ja}

· Complex conjugation, i.e. {Si, Si*}

Other operations are not precluded. 
For further study: 

· Base sequence selection

· New synchronization signal bandwidth

· Information content and provision (if any)

· Configurability 

· Time and frequency domain location 

· Diversity schemes (if any)

In RAN1#92-bis the following agreements were made
Agreements
· Resynchronization signal (RSS) configuration information is provided in SIB.

· The frequency location[s] of the RSS are configurable. Details are FFS.

· The UE can assume that the transmission of RSS in subframes (2n, 2n+1) is from the same antenna port at least when TxD is used. 

· FFS if TX diversity is signaled to UE.

· The periodicity of the first subframe of RSS is configurable to 160, 320, 640 and 1280 ms.

· In addition, time offset is configurable 
· FFS: Details
· The RSS provides information about at least cell id.

Working assumption

· The RSS bandwidth is 2 PRBs. 

· FFS whether the 2PRB sequence is repetitions in the frequency domain of 1 PRB sequence.
· Confirmed when analysis shows enough sequences with good cross correlation, without significantly increasing the time duration compared to 6 PRBs, can be found.
Agreement
· The RSS should be designed taking into account the correlation properties with other LTE signals.

· The RSS transmission length is configurable in SIB 

· The RSS base sequence duration is down selected from 1 and 11 symbols.

In this contribution we discuss further details relating to the design of the new re-synchronization signal. 

2. Discussion
To reduce UE complexity further with negligible impact on detection performance, using fewer PRBs with power boosting, has been shown to be effective, see [3] and [7]. Though it has been argued by some, that more PRBs (e.g.6) are preferred because that will enable the support of longer base sequences with more capacity to send additional information content, e.g. the cell id, it can been shown,  that by appropriate selection and combination of the cover codes, the base sequences and number of PRBs used, an optimal compromise between performance, UE complexity and information capacity can be found using 2 PRBs.

Proposal 1:     The RSS bandwidth is 2PRBs working assumption is confirmed.
Another open issue from RAN1#92-bis, is how to define the frequency offset for the RSS.  Assuming the working assumption is agreed and the RSS is fixed at 2PRBs,  we would prefer the flexibility to define at least 3 offsets per the narrowband, that the RSS can be positionws.  The table below indicates the #bits required to indicate this RSS frequency offset granualarity.
	
	Channel Bandwidth (MHz)

	
	1.4
	3
	4
	10
	15
	20

	#PRBs
	6
	15
	25
	50
	75
	100

	Number of NBs
	1
	2
	4
	8
	12
	16

	Number of RSS offsets
	3
	6
	12
	24
	36
	48

	#bits for NBs
	0
	1
	2
	3
	4
	4

	#bits for RSS offset
	2
	3
	4
	5
	6
	6


Table 1:   Number of bits required to indicate 3 starting PRB offsets per NB for the RSS
Proposal 2:     Within a NB, at least 3 offsets for the starting PRB of the RSS can be defined.
For collisions in time and frequency with non-BL/CE subframes, or sub-frames containing SI, it is desirable the drop the RSS for the following reasons:
· This follows legacy behaviour where M-PDCCH/PDSCH subframes are dropped if they collide with SIB1-BR, the unavailable subframe is counted in the repetition
· Scheduling/decoding for the network and the UE is simplified

· In principal the network will have enough configuration flexibility to minimise RSS collisions.
Proposal 3:    For collisions in time and frequency, with non-BL/CE subframes or sub-frames containing SI, the RSS is dropped.

·     Note 1:    The unavailable subframe is counted as a repetition
In addition to the cell-id, is has been suggested that the RSS also indicate a change in the PBCH.  Such information is desirable, especially as the PBCH can now also indicate SI change and the length of time it can take to acquire the PBCH.  But trying to add it to at this late stage without solutions to handle the when it is reset (assuming just a 1 bit toggle) and how it aligns to other RAN2 schemes to indicate SI change is considered too problematic to justify consideration in this release.

Proposal 4: 
The RSS does not include PBCH change modification information.

There may be high SNR (low MCL) scenarios where the UE can save power using the legacy PSS/SSS instead of using the new RSS. Conversely, at low SNR (high MCL), the UE may find it easier to use the legacy PSS/SSS, if for example, given the resources available and the devices that needed the RSS the most, the RSS was not configured to support worst case MCLs.  When the UE uses the RSS, should be left to UE implementation.

Proposal 5: 
It is up to UE implementation to decide when to use the RSS.
3. Conclusion

In this contribution we have discussed further details relating to the design of the new re-synchronization signal, and have the following proposals. 

Proposal 1:     The RSS bandwidth is 2PRBs working assumption is confirmed.

Proposal  2:     Within a NB, at least 3 offsets for the starting PRB of the RSS can be defined.

Proposal 3:    For collisions in time and frequency, with non-BL/CE subframes or sub-frames containing SI, the RSS is dropped.
· Note 1:    The unavailable subframe is counted as a repetition
Proposal 4: 
The RSS does not include PBCH change modification information.

Proposal 5: 
It is up to UE implementation to decide when to use the RSS.
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