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Introduction
This contribution is a revision to R1-1720259. 
In RAN1 NR #91bis, the following agreement was made [1]: 
Agreement:
· 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







In this contribution, we focus on the issues related to the reduced system acquisition time for MTC, including enhanced synchronization signals for performance enhancement in initial access, and resynchronization signals for improved system acquisition with apriori information.
Enhanced Synchronization Signals
In [2], we proposed to introduce enhanced PSS and SSS (i.e., ePSS and eSSS) to improve the system acquisition time in initial access for MTC. 
When determining the sequence generating ePSS, the following two aspects are considered: 1) Small cross-correlation with all three legacy PSS sequences to avoid the timing ambiguity issue when performing initial access; 2) The detection complexity for efeMTC UEs not increased compared to legacy UEs. These considerations can also be addressed when designing other signals for determining the system timing in MTC, e.g. resynchronization signals and wake-up signals. 
Evaluation results in [2] show that the PSS detection probability can be improved significantly by using enhanced synchronization signals. For example, the system acquisition time can be reduced from 800 ms to 500 ms at 50% detection probability from ePSS, and the cell ID detection performance using both ePSS and eSSS can be improved from 27% to 50% after 1 second accumulation time. At the same time, the transmission of ePSS and eSSS has marginal impact on the PSS detection of the legacy UEs.
Proposal 1: Introduce ePSS/eSSS to reduce the system acquisition time in initial access.
Re-Synchronization Signals
Another scenario to consider is the system acquisition with some apriori information. Different from initial cell search, UE may already have some system information known before getting unsynchronized. In this scenario, the UE may rely on the so-called re-synchronization signals to get synchronized again, where the apriori information available at the UE can help with the re-synchronization procedure. 
In LTE, PSS and SSS are transmitted every 5ms within the central 6 PRBs, and their performance in the coverage-limited scenario may require significant number of combinations for reliable synchronization. For re-synchronization purpose, even though the apriori information, e.g. rough timing information and cell ID, can help with getting synchronized to the system, fully relying PSS and SSS with very sparse transmission in time-domain may not be sufficient. Hence, new always-on signals for the re-synchronization purpose should be introduced. 
Note that the introduction of the re-synchronization signals should not impact the performance of legacy UEs in initial access. One possible solution is to avoid using the central 6 PRBs for transmitting the re-synchronization signals, which may not be always tractable in practice. Another alternative is to design the re-synchronization signals with zero or little correlation with existing PSS sequences in the system to avoid the timing ambiguity issue for legacy UEs. This requirement is exactly the same as the proposed ePSS sequences, such that the ePSS and eSSS can be reused for the purpose of re-synchronization. 
The re-synchronization signals can be transmitted on multiple consecutive subframes, wherein each subframe may contain multiple ePSSs and multiple eSSSs. The number of subframes for re-synchronization signals’ transmission and the periodicity of each transmission can be configured by the NW, in order to adjust the overhead of re-synchronization signals and to guarantee the one-shot detection performance of re-synchronization signals. One of the configurations is default and known to the UE such that UE can utilize this default configuration for initial cell search enhancement (same as the discussion in Section 2). 
Based on the above analysis, the re-synchronization signals are proposed to have the following features: 
Proposal 2: Re-synchronization signals are transmitted in multiple consecutive subframes in time domain and on the central 6 PRBs in the frequency domain. 
· In each subframe, re-synchronization signals consist of multiple ePSSs and multiple eSSSs.
· The number of subframes and periodicity of the transmission are configurable with one default configuration utilized for initial cell search enhancement.
Except for initial access, reliable synchronization performance is also essential for UE working in eDRX or PSM. In idle mode paging, the UE wakes up from a duration of sleep according to the DRX cycle. Because of clock drift and long DRX cycle, the synchronization error could become very large when UE wakes up at the pre-configured PO. This would dramatically degrade UE’s decoding performance of the subsequent MPDCCH/PDSCH. A periodic synchronization signal would help in this scenario.  
Therefore, the re-synchronization signals are proposed to have the following feature:
Proposal 3: At least one configuration for the periodicity of re-synchronization signals is based on the DRX cycle, serving for idle mode paging.
Conclusions
This contribution presented the discussion of enhanced synchronization signals for performance enhancement in initial access, and resynchronization signals for improved system acquisition with apriori information. Based on the discussion above, we have the following proposals:
Proposal 1: Introduce ePSS/eSSS to reduce the system acquisition time in initial access.
Proposal 2: Re-synchronization signals are transmitted in multiple consecutive subframes in time domain and on the central 6 PRBs in the frequency domain. 
· In each subframe, re-synchronization signals consist of multiple ePSSs and multiple eSSSs.
· The number of subframes and periodicity of the transmission are configurable with one default configuration utilized for initial cell search enhancement.
Proposal 3: At least one configuration for the periodicity of re-synchronization signals is based on the DRX cycle, serving for idle mode paging.
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