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1. Introduction
  In RAN1#85 meeting, several agreements regarding NR operation were made as follows:
	· Following three implementations of beamforming are to be studied in NR

· Analog beamforming, Digital beamforming, Hybrid beamforming 
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery, RRM measurement/feedback, L1 control channel

· Others are FFS
· Multi-beam based approaches
· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE
· One example of multi-beam based approaches is beam sweeping:

· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
· Single/multiple beam can be transmitted/received in a single time instance

· Others are FFS
· Single-beam based approaches
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS
· For both single-beam and multi-beam based approaches, RAN1 can consider followings in addition
· Power boosting, SFN, Repetition, Beam diversity (only for multi-beam approach), Antenna diversity

· Other approaches are not precluded
· Combinations of single-beam based and multi-beam based approaches are not precluded


In this contribution, we discuss consideration points on common channel/signal design and initial access procedure for NR system considering single-beam/multi-beam approaches and multiple numerologies.
2. Discussion
2.1. Design considerations
· NR Channel Characteristics Analysis
In NR which assumes wide range of frequency band (from 700MHz to 70GHz), it is expected that coverage distance of each frequency bands are different due to channel characteristics (e.g. path-loss, shadowing, etc.) according to the carrier frequency. At below 6GHz (e.g. 700MHz, 2GHz), it is expected that NR also provide similar coverage with LTE/LTE-A using single wide beam. On the other hands, at above 6GHz, 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, it is shown that multi-beam technique would be one of promising solutions [1]. Also, if more coverage enhancement is necessary, repetition could be applied together with single-beam or multi-beam based approaches.
Proposal #1: Like as LTE/LTE-A system, NR assumes that single-beam is considered at below 6GHz, and repetition could be applied for coverage enhancement.

Proposal #2: NR assumes that beamforming is primarily considered for coverage enhancement at above 6GHz, and repetition could be applied for additional coverage enhancement.
· Design principles of NR Common signal and channel 
For initial access in NR, we consider to design common signal and channel for the purpose as followings:
· Synchronization Signal (e.g. PSS, SSS): Time/Frequency synch, Cell-ID acquisition

· System information delivery channel (e.g. PBCH): System bandwidth

· RRM measurement signal (e.g. DRS, Beamformed DRS): TRP selection, Beam selection, Handover

· L1 control channel: Paging, Random access response, System Information

In NR, different beamforming coverage could be applied to the common signal and channel according to the frequency band. In table 1, we provide an example of beamforming coverage for NR system.
Table 1. Example of beamforming coverage for common signal/channel transmission in NR

	
	Below 6GHz 
	Above 6GHz 

	
	700MHz, 2GHz
	4GHz
	30GHz, 70GHz

	Common Signal/Channel
	Single beam
	Single beam

or Multi-beam
	Multi-beam


Especially, for 4GHz band, we can apply both single-beam and multi-beam based approaches according to the deployment scenarios and geometry if needed.
Proposal #3: NR assumes that single-beam based approach is applied to below 6GHz, and multi-beam based approach can be applied to both below 6GHz (e.g. 4GHz) and above 6GHz.

Minimum bandwidth should be considered for common signal and channel designed. Different with LTE system, NR would assume larger bandwidth than 1.4MHz as a minimum bandwidth if NR considers frequency band re-farming from LTE or LTE/NR co-existence. One of potential bandwidth would be 5MHz or 10MHz which is currently deployed for LTE system at below 6GHz band. Also, for the purpose of common channel and signal design, it is necessary to verify whether NR could assume 80MHz as a minimum bandwidth at above 6GHz band. 
Proposal #4: For common channel and signal design, minimum bandwidth should be considered (e.g. 5MHz for below 6GHz, 80MHz for above 6GHz).
In NR which supports multiple numerologies (e.g. 15kHz, 60kHz, 240kHz, etc.), single type design for commonality could be assumed to provide system design simplicity and low implementation complexity. Additionally, we can consider individual optimization according to factors (e.g. numerology, minimum bandwidth, beamforming approaches, etc.). For example, when synchronization signal is designed, it could be assumed that some factors (e.g. sequence length, frequency position, etc.) are commonly used across multiple numerologies. Also, for design commonality regardless of beamforming approach, it can be assumed that PSS and SSS are FDMed, then those signals are transmitted by both single-beam and multi-beams. 
Proposal #5: Basically, NR assumes design commonality for common channel and signal across the numerology. Additionally, individual optimization could be considered.

2.2. NR channel/signal design 
According to the target MCL described in TR 38.913, it is defined that the target on maximum coupling loss is 143dB for a downlink data rate of 1Mbps and 140dB for a downlink data rate of 2Mbps. NR common channel and signal should be design to achieve the target MCL requirement. 
· NR Synchronization Signal
In NR, it can be consider to design two types of synchronization signal (i.e. Primary Synchronization Signal (PSS) and Secondary Synchronization Signal (SSS)) for the purpose of time/frequency synchronization and (cell-)ID acquisition. If NR follows the LTE PSS/SSS design (i.e. using 63 subcarriers with 15kHz subcarrier spacing), it is expected that the MCL requirement could be achieved by single-beam based approach at below 6GHz because TRP maximum Tx power (e.g. 49dBm) and system bandwidth (e.g. 20MHz) which are assumed in NR system evaluation are also equivalent with LTE system. When occupied bandwidth for PSS/SSS is increased according to increasing subcarrier spacing (e.g. 60kHz x 63 = 3.78MHz), MCL requirement could be achieved. 
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Figure 1. Example of synchronization signal design with commonality and scalability
Considering on numerology scalability, NR PSS and SSS could be designed according to the scalability. That is, when OFDM symbol duration is reduced due to increased subcarrier spacing, the bandwidth for NR PSS and SSS should be expended for securing required energy. One simple method is to keep the number of RE for synchronization signal when subcarrier spacing is changed as shown in Figure 1.

Proposal #6: NR assumes that NR synchronization signal is commonly designed across different numerologies.

On the other hands, at above 6GHz, MCL requirement could not be achieved if maximum Tx power is not increased in proportion to increased system bandwidth. In 3GPP TR38.802 [2], it is assumed that BS Tx power for above 6GHz is 43dBm (80MHz simulation bandwidth) in Urban macro scenario. From these evaluation assumptions, we can see that it is hard to achieve MCL requirement in that scenario, even though long-term channel loss at above 6GHz is compensated by antenna gain from massive antenna element at both TRP and UE side. Therefore, it is expected that relatively small cell coverage would be supported at above 6GHz band.

Proposal #7: NR needs to clarify that target MCL is common or different across different frequency band. 

If analog beamforming is applied for NR PSS/SSS, multiple beams are used for covering DL coverage. When multi-beam is transmitted by beam sweeping manner, more time durations are requires. For NR PSS/SSS transmission with beamforming by beam sweeping manner, FDMed PSS/SSS could be benefit compared with TDMed PSS/SSS in terms of increasing time duration. Also, considering on the design commonality across frequency band, FDMed PSS/SSS could be also applied at below 6GHz within minimum bandwidth assume in NR.
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(a) Single-beam based approach           (b) Multi-beam based approach

Figure 2. Example of synchronization signal transmission according to beam approaches

3. Conclusion
In this contribution, we discussed consideration points on common channel/signal design and initial access procedure for NR system. The following is our proposal:

Proposal #1: Like as LTE/LTE-A system, NR assumes that single-beam is considered at below 6GHz, and repetition could be applied for coverage enhancement.

Proposal #2: NR assumes that beamforming is primarily considered for coverage enhancement at above 6GHz, and repetition could be applied for additional coverage enhancement.
Proposal #3: NR assumes that single-beam based approach is applied to below 6GHz, and multi-beam based approach can be applied to both below 6GHz (e.g. 4GHz) and above 6GHz.

Proposal #4: For common channel and signal design, minimum bandwidth should be considered (e.g. 5MHz for below 6GHz, 80MHz for above 6GHz).

Proposal #5: Basically, NR assumes design commonality for common channel and signal across the numerology. Additionally, individual optimization could be considered.

Proposal #6: NR assumes that NR synchronization signal is commonly designed across different numerologies.

Proposal #7: NR needs to clarify that target MCL is common or different across different frequency band. 
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