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1 Introduction

The efeMTC WID [1] has an objective to reduce system acquisition time:
Improved latency:

· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance
Recent agreements made in the RAN1 meetings regarding this objective thus far, are listed below:
RAN1#91 discussed reduced system acquisition time and made the following agreements:

· In evaluating improved cell search and/or system information acquisition performance for UEs with apriori information, the following are considered based on the agreed scenarios (B, C, and D)

· Synchronization signal 

· Periodicity, duration, power boosting, bandwidth, and resource usage

· UE complexity impact, UE memory, and DSP complexity

· Combining of synchronization signals

RAN1#92 discussed new periodic sync signal and wake-up signaling (jointly with NB-IoT) and made the following agreements:
· Working assumption:

· On NB-IoT WUS:

· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS

· The RRM measurement relaxation is enabled/disabled by the network.

· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.

· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.

· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles

· FFS for eDRX case

· FFS whether N depends on the length of PTW.

· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.

· FFS for other DRX cycles and values of N

· FFS whether N is fixed, configurable, or depends on the DRX cycle

· On eMTC WUS/sync:

· 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.

· RAN1 sent an LS to RAN4 (cc RAN2) in R1-1803150
· RAN1 agreed that if RAN4 confirms the feasibility of RRM measurement relaxation in the part on NB-IoT WUS in the LS to RAN4, the whole working assumption above (on NB-IoT WUS and eMTC WUS/sync) is automatically confirmed.

RAN1#92 discussed further aspects of reduced system acquisition time and made the following agreements:
· 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)

· For PBCH:

· Do not introduce new PBCH repetitions.
· For SI update indication:

· RAN1 assumes SI update indication in DCI format 6-2 is up to RAN2.

· RAN1 sent an LS to RAN2 in R1-1803519 recommending RAN2 to study mechanisms for skipping MIB decoding.

In this contribution, we make proposals relating to the design of the new periodic synchronization signal introduced to support reduced system acquisition time, referred to here after as the Re-Synchronization Signal (RSS).
2 Reducing system acquisition time
Many contributions have suggested designs for new the RSS.  Common features of many of those designs include a base sequence, a cover code and some form of inter-symbol coding.  Subject to comparative analysis of the various designs, we support a design as partially outlined by previous RAN1 agreements with:

·  Separate base and cover codes

· The base code should have good auto and cross correlation properties
· The cover code is used between subframes to:

· Reduce the length of the base sequence and therefore also reduce the complexity of  detection at the UE, whilst still enabling variation between cells, to accommodate cell specific information, such as the cell id.

· Mitigate the large false correlation peaks for timing offsets corresponding to multiples of 1 ms if non-coherent combination between subframes is not possible due to the frequency error.
· Some form of inter-symbol coding

· Inter-symbol coding is applied to the cover code symbols has been shown to reduce correlation false peaks.

To reduce UE complexity further with negligible impact on detection performance, using fewer PRBs with power boosting, has been shown to be effective, see [2] and [3]. 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, we feel that by appropriate selection 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 less than 6 PRBs.
Proposal 1: 

The RSS is sent using fewer than 6 PRBs but with power boosting.
To minimize the UE time and power taken to acquire the RSS whilst keeping the signaling overhead at a reasonable level, it is proposed that the RSS design (length and periodicity) be configurable to enable the option of one-shot detection (long contiguous length but with long periodicity).
Proposal 2: 

The RSS has the option to be configured to support one-shot detection.
To ensure mobile UEs that have woken up after potentially moving from one cell to another, know that the RSS they have synchronized to belongs to another cell, it is proposed that the RSS coding (using either or both the cover and base code) and possibly also positioning, are used to indicate the cell-id.  Given there are now 504 cell ids that can be indicated by the legacy PSS and SSS, this would mean that the RSS coding somehow conveying at least 9 bits of information.  
Proposal 3: 

From the RSS, the UE can determine the cell-id without having to decode the PSS and SSS.

In addition to the cell-id, is has been suggested that the RSS also indicate a change in the PBCH.  Whilst such information is clearly desirable, especially as the PBCH can now also indicate SI change, trying to add it to the long “one-shot” RSS that may cross a PBCH boundary, either due to length or due to positioning, will mean that such information cannot be easily scheduled. Even if the RSS is not based on a one-shot design, there will be a high probability that it crosses a PBCH change boundary which could reduce the effectiveness of any coherent combining.
Proposal 4: 

The RSS does not include PBCH change modification information.
The RSS may be used by UEs that are configured for WUS operation as well as those that are not. The function of the RSS is primarily to enable rapid synchronization for both kinds of UEs. As noted, it would be required to carry cell ID information. If it is also required to carry other information, the design of the RSS would be complicated. For example, the RSS is likely to be configurable in terms of periodicity. As such, the periodicity of the RSS may not coincide with the periodicity of DRX cycles or POs, which may even be different for different UEs. Then if the RSS also performs WUS functionality, it would also need to carry more information in relation to paging indication and POs with which a particular transmission of the RSS/WUS is associated.  It is therefore desirable to not send WUS information on the RSS.

Proposal 5: 

The RSS does not include WUS-related information.

As identified in [2], 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 6: 

It is up to UE implementation to decide when to use the RSS.
Due to the potential length and period of the RSS, there is the possibility it could overlap with legacy eMTC system information (e.g. MTC SI messages) and legacy eMTC PDSCH-MPDCCH traffic.
In the case that the RSS overlaps with legacy SI messages, e.g. SIB1, it is recommended that the legacy SI information takes precedence to avoid any degradation in performance for existing UEs.  

To avoid the case where the RSS overlaps with PDSCH and MPDCCH traffic, it is expected that the network will configure the RSS, MPDCCH and PDSCH so as to not overlap.  
Proposal 7:    The RSS shall not impact the performance of legacy SI messages.
3 Conclusions
In this contribution, have reviewed several aspects of the design of the Re-Synchronization Signal (RSS), and have the following proposals:
Proposal 1: 

The RSS is sent using fewer than 6 PRBs but with power boosting.
Proposal 2: 

The RSS has the option to be configured to support one-shot detection.

Proposal 3: 

From the RSS, the UE can determine the cell-id without having to decode the PSS and SSS.

Proposal 4: 

The RSS does not include PBCH change modification information.

Proposal 5:

The RSS does not include WUS-related information.
Proposal 6: 

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

Proposal 7:    The RSS shall not impact the performance of legacy SI messages.
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