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Introduction

In RAN1#86bis, extended CP and potential zero CP for high frequency band were agreed as follows,

Agreements:
· From Phase 1, physical layer design should support an extended CP
· Extended CP will be only one in given subcarrier spacing
· FFS: Exact for the services/scenarios for extended CP

Agreements:
· RAN1 has not so far identified any forward compatibility issues for the potential introduction of new waveforms including zero-length CP in the future.
In this contribution, we discuss the CP length of different numerology in the NR system design.

CP Length for Different NR Numerologies 

The CP length is designed to cover the typical wireless channel delay spread and propagation delay to mitigate the inter-channel interference in the target deployment scenarios. The propagation delay is a function of the coverage area of a single cell for unicast traffic.  The propagation delay is longer for coordinated multi-point joint reception of unicast services and SFN type operations of multicast and broadcast services.  The CP length needs to be longer.  In the higher frequency, the delay spread will be significantly smaller than the wide area deployment in lower frequency.   The delay spread is smaller than 1µs or even 0.2 µs. Therefore, the CP length can be reduced in proportion to keep the CP overhead reasonable in a short OFDM symbol duration case.  

Large subcarrier spacing with scaling factor of 2n would reduce the CP length to 1/2n of its original length.    The subcarrier spacing in NR system design is selected for the inter-subcarrier interference mitigation and system trunking efficiency.  To mitigate the inter sub-carrier interference; the subcarrier spacing should be sufficient large to minimize the effect of the frequency error. The frequency error is the results of frequency instability of local oscillator and the Doppler Effect.   The Doppler Effect increases as the relative speed increases.  High Doppler Effect is caused by relatively high speed between the transmitter and the receiver.  The subcarrier spacing would be better to be larger to mitigate the ICI cased by high Doppler in high speed train.   The frequency error caused by the instability of local oscillator increases as the carrier frequency gets higher.   In high frequency NR system, the frequency error expects to be high.  The subcarrier spacing needs to be larger in high frequency NR system to reduce the ICI.  Additional consideration of large subcarrier spacing is the fragmentation of the system bandwidth.  It was agreed that the largest system bandwidth for NR would be no smaller than 80 MHz.   If the frequency resource is partitioned for large system bandwidth in the same way as that of smaller system bandwidth, the system bandwidth would become fragmented and the trunking efficiency would be reduced.    Large subcarrier spacing should apply to large system bandwidth for system trunking efficiency.   However, the increase of subcarrier spacing for ICI mitigation caused by frequency error and improving trunking efficiency would reduce the CP length.  The reduction of CP length would reduce the range of delay spread supported in the deployment scenario.  

The delay spread could be smaller for large subcarrier spacing with shorter CP.  The shorten CP length of large subcarrier spacing might not be sufficient for some deployment scenarios in high frequency band and for high speed operation in low frequency band.   For example, the multipath delay spread would be much longer due to lower path loss and penetration loss in the open space deployment, such as indoor area, indoor auditorium, indoor and outdoor stadium, and indoor shopping mall.   The other example is the high speed train scenario.  It would be better to configure large subcarrier spacing to minimize the frequency error caused by high Doppler in the high speed train scenario in low frequency band.   The multi-path delay spread might exceed the shortened CP length in high speed train.   Thus, it would be better to have extended CP length along with larger subcarrier spacing configured of high speed train deployment scenario.  

Proposal 1:  The extended CP length should be considered in large subcarrier spacing for the use cases of open space area in high frequency band and high speed operation in low frequency band.

Extended CP length was designed for multicast and broadcast service in LTE.  The extended CP length is 16.67 µs in LTE to cover the wireless signals received within 5 km.   Additional extended CP length if 33,33 µs is under study for extended coverage of eMBMS enhancement.   The extended CP length of 16.67 µs for 15 kHz subcarrier spacing might be sufficient for most of SFN type operation of multicast/broadcast services and coordinated multi-point joint reception of unicast services in all frequency band in the NR system.   The extended CP length of 16.67 µs would be reduced to 4.17 µs for subcarrier spacing of 60 kHz.  The 4.17 µs might not be sufficient for SFN type operation in a normal operation area.  The CP length would need to adjust for the use case along with the configuration of subcarrier spacing.   Thus, the CP length should be configurable along with subcarrier spacing in the NR system design.

Proposal 2:  The CP length should be configurable along with subcarrier spacing in the NR system design.  UE should support all CP lengths associated with configured subcarrier spacing specified in the NR specification. 
Conclusion
In this contribution, we discuss the CP length with different numerologies configuration in the NR system design.  In order to support operation of NR system in low and high frequency band with speed up to 500 km/hr, we propose
· Proposal 1:  The extended CP length should be considered in large subcarrier spacing for the use cases of open space area in high frequency band and high speed operation in low frequency band. 
· Proposal 2: The CP length should be configurable along with subcarrier spacing in the NR system design.  UE should support all CP lengths associated with configured subcarrier spacing specified in the NR specification.
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