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1. Introduction
According to the approval of NR study item in RAN#71 meeting [1], 3GPP RAN WG1 starts to study on new radio access technology including massive MIMO which can play a role as a key technology to fulfill various requirements (e.g. data rate, spectral efficiency, coverage, energy efficiency, connection density, etc.) for NR. With massive MIMO technology, NR system can enjoy several enhancements such as data rate enhancement by multiplexing gain, coverage enhancement by high beamforming gain and energy efficiency enhancement by transmit power reduction. In addition, in NR system which covers both low frequency band (e.g. 700MHz, 2GH and 4GHz) and high frequency band (e.g. 30GHz and 70GHz), it is considered that different number of antenna element is applied according to frequency band. For example, larger number of antenna elements is applied for higher frequency band (e.g. above 6GHz) while smaller antenna elements are used for lower frequency band (e.g. below 6GHz). In this case, due to the coverage mismatch between high and low frequency band, one big challenge in terms of physical channel and signal design can be occurred. In this contribution, we provide some consideration point on design of physical channel and signal for NR system.
2. Consideration point for physical channel and signal design 
Physical channel and signal for NR should be designed considering different frequency characteristic per band, namely below 6GHz and above 6GHz. Also, different beamforming coverage should be applied according to the physical channel and frequency band. In table 1, we provide an example of beamforming coverage for NR system.

Table 1. Example of beamforming coverage for signal/channel transmission in NR system
	
	Below 6GHz

Digital dynamic BF

with Analog fixed BF
	Above 6GHz

Digital dynamic BF

with Analog dynamic BF

	Common channel and signal

(e.g. PSS/SSS, PBCH, SIB, etc)
	Wide coverage Beamforming
	Wide or Partial coverage Beamforming

	CL-MIMO dedicated channel

(e.g. control channel, shared channel, etc.)
	Narrow coverage Beamforming
	Narrow coverage Beamforming


In below 6GHz band, it is expected to utilize wide coverage from semi omni-directional beamforming, especially in 700MHz and 2GHz. In higher frequency bands (e.g. 4GHz), more antenna elements can be introduced for coverage enhancement because coverage may be limited due to increase of propagation loss. Even though antenna elements are increased in higher frequency band, it can be still expected that wide coverage beamforming could be applicable because limit number of antenna elements are used for analog beamforming. In this case, we can assume that similar initial access scheme to LTE is applied for below 6GHz band with wide coverage beamforming.
In above 6GHz band, it is expected that the cell coverage becomes quite smaller, especially in 30GHz and 70GHz, mainly due to large propagation loss and more blockage. In order to cope with the poor cell coverage while utilizing wide range of bandwidth, hybrid beamforming which consists of analog beamforming using phase shifter and baseband digital beamforming, seems good way for enhancing the coverage and for reducing the number of RF chain. When TRP can generate partial coverage beam controlled by phase shifter in hybrid architecture, this affects transmission/reception scheme from the initial access.

[image: image1]
(a) Wide Coverage Beamforming             (b) Partial Coverage Beamforming

Figure 1. Example of synchronization signal transmission

In figure 1, we provide an example of synchronization signal transmission according to beamforming coverage. In case of using wide coverage beamforming, synchronization signal can be transmitted once within a transmission period as like LTE operation. On the other hand, in case of partial coverage beamforming, multiple synchronization signals for each beam direction may need to be transmitted within a transmission period.
In addition, in order to design common control and signal for NR system, we need to consider which is proper way for NR system design between single type design for commonality and multiple type design for optimization. Single type control channel may provide simplicity of system design. On the other hand, if we consider some issues such as minimum system bandwidth, various performance requirements for each usage case, multiple numerology sets, etc., multiple types control channel could be beneficial for more optimization under the condition.
Proposal: Study on proper design way for common control and signal transmission in NR system.
3. Conclusion
In this contribution, we discussed consideration point on physical channel and signal design for NR. The following is our proposal:

Proposal: Study on proper design way for common control and signal transmission in NR system.
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