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In RAN#84 meeting, the revised WID [1] was approved for the enhancements of NB-IoT co-existing with NR. The objectives related to coexistence of NB-IoT with NR are:

· Specify NB-IoT resource reservation for at least FDD/TDD NB-IoT non-anchor carriers, at least in DL, to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier [RAN1, RAN2].
· For NB-IoT in-band, guard band and standalone operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following: [RAN4]
· 15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands, with higher priority given first to 15kHz and then to 30kHz
· [bookmark: _Hlk522858168]Channel raster, PRB and subcarrier grid alignment between NB-IoT and NR
· Study feasible NB-IoT carrier(s) placement allocation without RF backward compatibility impact and compatible with Rel’13 NB-IoT and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
· Study if the +6dB downlink RE power boosting can still be allowed for both in-band and guard band operation modes when co-existing with NR
· Synchronization issue between NR and NB-IoT, including timing advance
· Frequency band support in NB-IoT and NR
· Testability applicable to RF
· Coexistence between R15 NR and R13/R14/R15 NB-IoT.
Note: After RAN1 concludes the objective on R16 NB-IoT coexistence aspects, evaluate coexistence between R15 NR and R16 NB-IoT.

The earlier releases of FDD/TDD NB-IoT are designed to co-exist with LTE. Coexistence with LTE brought certain restrictions to the NB-IoT system design. These restrictions may not be relevant in the case of coexistence with NR. In this contribution, we discuss the overview of NPSS and NSSS designs and their inefficiencies due to the restrictions of co-existing with LTE. These restrictions may not be relevant in case of coexistence with NR and it would be beneficial to consider enhancements to NPSS and NSSS designs.
NPSS and NSSS in NB-IoT
[image: ]NPSS is transmitted in subframe 5 of every radio frame. NPSS is based on a 11 length Zadoff-Chu (ZC) sequence S with root index 5. NPSS utilizes the last 11 symbols of the subframe. In each symbol, the sequence ±S is mapped to the lowest 11 subcarriers in the PRB. The same NPSS design is used in in-band, guard band, and 
Fig. 1 NPSS mapping
standalone deployment modes.  Fig. 1 shows the NPSS mapping for in-band NB-IoT, assuming that the first 3 symbols are used for LTE PDCCH. 
NSSS is transmitted in subframe 9 for frame structure type 1 or subframe 0 for frame structure type 2 in even radio frames. NSSS also utilizes the last 11 symbols of the subframe. NSSS is 132 length sequence generated from a frequency domain ZC sequence and a binary sequence of ±1s. The root of ZC sequence and the binary sequence are determined from the physical cell ID. The mapping of NSSS in in-band NB-IoT can be seen in Fig. 2.           
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Fig. 2 NSSS mapping
Enhancements to NPSS and NSSS designs
In in-band deployment, the resource elements taken by LTE CRS in NPSS and NSSS subframes are punctured by NB-IoT base station. Also, the first 3 symbols, reserved for LTE PCFICH, PDCCH, and PHICH channels, are not available for NB-IoT. Whereas, in guard band and standalone deployment modes all 14 symbols are available and need not puncture LTE CRS locations. So, it is efficient to take guard band or standalone mode as base line for coexistence with NR.
Proposal 1: Consider NB-IoT guard band or standalone mode as base line for coexisting with NR. 
The synchronization signals NPSS, and NSSS are designed such that the first 3 symbols are not utilized, only the last 11 symbols are used for transmission. To have a uniform synchronization signal design, first 3 symbols are left unutilized guard band, and standalone deployment modes also. 
Observation 1: The first 3 symbols of NPSS, and NSSS subframes are left unused even in guard band, and standalone deployment modes also. 
In the case of coexistence with NR, unlike LTE, NR CORESETs are localized and will not occupy complete system bandwidth. It is also possible to carefully assign resources for CORESETs such that they will not overlap with the NB-IoT PRB [2]. In such scenarios, there is no need to leave the first 3 symbols empty and these 3 symbols are ~21% of the resources available for synchronization signals transmission. Utilizing these symbols for synchronization signals can significantly boost the detection performance of UEs in deep coverage. Hence, it is beneficial to consider the enhancements to the NPSS, and NSSS designs to make use of all 14 symbols in the subframe. 
Observation 2: It is beneficial to use first 3 symbols for synchronization signals to improve the detection performance of UE. 
Proposal 2: Study the benefits of the enhancements to the NPSS, and NSSS designs in Rel-16 NB-IoT which can use all 14 symbols in the subframe. 
However, the legacy UEs will be unaware of these enhancements at the base station. Hence, these enhancements should not affect the detection performance of legacy UEs. 
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Proposal 3: The enhancements to NPSS/NSSS designs should not impact the detection performance of legacy UEs. 
Conclusion
In this contribution, we discussed the restrictions brought to NPSS and NSSS designs due to the coexistence with LTE. It would be beneficial to consider the enhancements to NPSS and NSSS designs. Following are the observations and proposals made.
Observation 1: The first 3 symbols of NPSS, and NSSS subframes are left unused even in guard band, and standalone deployment modes also. 
Observation 2: It is beneficial to use first 3 symbols for synchronization signals to improve the detection performance of UE. 
Proposal 1: Consider NB-IoT guard band or standalone mode as base line for coexisting with NR. 
Proposal 2: Study the benefits of the enhancements to the NPSS, and NSSS designs in Rel-16 NB-IoT which can use all 14 symbols in the subframe. 
Proposal 3: The enhancements to NPSS/NSSS designs should not impact the detection performance of legacy UEs.
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