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1. Introduction

In previous meetings, multiple numerologies has been agreed to be supported in NR and 15 KHz with scaling factor 2n is considered as baseline design assumption in the following study [1][2]:
Agreements:
· For NR, it is necessary to support more than one values of subcarrier-spacing
· Values of subcarrier-spacing are derived from a particular value of subcarrier-spacing multiplied by N where N is an integer
Working assumptions:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology

Besides, to support very divergent requirements/ application in NR and also to ensure forward compatibility, it is further agreed that multiplexing multiple numerologies within one NR carrier bandwidth is supported with FDM and/or TDM fashion [2]:
Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered
Moreover, the following subcarrier spacing candidates for synchronizations are discussed [3]:

Agreements:
· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied

· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range

· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS
· FFS: Details on the set of possible numerologies

· Note: Blind detection of multiple numerologies can be considered

· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges

· Other alternatives are not precluded

· NR synchronization signal is based on CP-OFDM

· Note that DFT-spread-OFDM based design is not precluded
In this contribution, we discuss the impact of multiplex multiple numerologies in one NR carrier bandwidth on physical layer aspect.
2. Discussion 

Synchronization
    It has been agreed that at least multiple numerologies sharing a synchronization signal need to be studied. Also, as mentioned in the background part, whether a default subcarrier spacing is predefined for synchronization or gNB can select subcarrier spacing for synchronization. From network perspective, it may still be necessary to support transmitting synchronization signal with multiple subcarrier spacing as there is likely to be UE with different numerology/bandwidth capabilities in the system, similar to the situation of having normal UE and NB-IOT in LTE. On the other hand, from UE’s perspective, performing synchronization assuming multiple numerologies would unnecessarily complicate the cell search procedure. Therefore, we think that a single synchronization design on a single subcarrier spacing should be adopted at least from UE’s point of view, irrespective of how many numerology the UE supports. From network perspective, it is also beneficial to reduce the number of numerology transmitting synchronization signal considering overhead. The burden of designing different synchronization signal and standardization impact could also be alleviated. Thus it is also beneficial to define at least one default subcarrier spacing which can be supported by most UEs, e.g. at least for high or regular capability UEs. Whether to define additional default subcarrier spacing for certain UE capability, e.g. low UE capability can be further study, which may also depend on whether we would introduce numerology optimized for low capability UE. 
Proposal 1: A UE would only perform synchronization assuming a default subcarrier spacing irrespective of how many numerologies the UE supports.
Proposal 2: FFS how many subcarrier spacing supports synchronization from standardization or network perspective.
System information
After synchronized with the default subcarrier spacing, UE then need to acquire system information. It is expected that at least some essential system information, e.g. PBCH, would be received according to the result of synchronization. As agreed in the previous meeting, PBCH should be decoded based on an identity parameter used for generation of synchronization signal. Also, the time/frequency resource used to transmit PBCH should be associated with the time/frequency resource of the detected synchronization signal. Therefore it is more straightforward to transmit PBCH on the default subcarrier spacing as well. On the other hand, there may be some numerology dependent essential system information, e.g. PRACH related parameters which may be signalled on the default subcarrier spacing or signalled by each subcarrier spacing itself. In general, keep all essential system information within a default subcarrier spacing would be simpler. On the other hand, overhead, latency, and system information updates related issues may need to be considered, especially taking into account the effect of beam sweeping induced by multi-beam approach.
Proposal 3: PBCH is transmitted on default subcarrier spacing.
Random access
    It is possible that the random access is performed on default subcarrier spacing. Alternatively, random access can be performed per subcarrier spacing. One major difference is the overall latency to finish the random access procedure, as the TTI length of a larger numerology would naturally be shorter and random access can be finished earlier. As there is a requirement of 10 ms control plan latency in TR38.913 [4], further investigations are required to verify whether random access on default subcarrier spacing can fulfil such stringent timing requirement. If the requirement cannot be fulfilled with default numerology, providing random access with at least another subcarrier spacing for UE with tight timing requirement is necessary.  
Proposal 4: RAN1 should investigate whether performing random access on default subcarrier spacing can fulfil the requirement for control plane latency and whether to support random access for initial access with multiple subcarrier spacing is required.
The potential candidate of accessing a cell with multiple numerologies multiplexed can be summarized in below figure.

3. Conclusion

In this contribution, we discuss the impact of multiplexing multiple numerologies on initial access and have the following proposal:

Proposal 1: A UE would only perform synchronization assuming a default subcarrier spacing irrespective of how many numerologies the UE supports.

Proposal 2: FFS how many subcarrier spacing support synchronization from standardization or network perspective.
Proposal 3: PBCH is transmitted on default subcarrier spacing.
Proposal 4: RAN1 should investigate whether performing random access on default subcarrier spacing can fulfil the requirement for control plane latency and whether to support random access for initial access with multiple subcarrier spacing is required.
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