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1 Introduction
In RAN1#86 meeting, the following agreements are reached: 
	· At least one transmission bandwidth within a carrier bandwidth can be specified for transmission of  each synchronization signal and at least some essential system information.
· The transmission bandwidth may be specified either differently according to the frequency range or the same across the frequency ranges
· FFS: transmission bandwidths for each synchronization signal and at least some system information are same or not
· FFS: the transmission bandwidth and the corresponding numerology
· FFS: whether the used transmission bandwidth is blindly detected by UE from specified bandwidths according to the frequency bands
· In order for the transmission of the information required for the initial access (e.g. configuration of random access resource), at least following options are to be studied: 
· Note: the above information can consist of multiple parts, and different option below can be applied for the transmission of each part
· Opt 1: the transmission is scheduled by dynamic signaling (e.g. control channel)
· Opt 2: the transmission is scheduled by semi-static signaling (e.g. via the previous part)
· Opt 3: the transmission is done alone without associated signaling (e.g. predefined in spec)


The main focus of these agreements is on the transmission of the signals for initial access. In this contribution, we further address the transmission of initial access signals in the downlink in NR, and the discussions are carried out from perspectives of both low frequency bands and high frequency bands.
2 Types of DL signals for initial access in NR
In LTE, according to the resource allocation, the signals for initial access can be described by two types:
· Type-1-signal: signal(s) with fixed time-frequency resource allocation, e.g., PSS/SSS, MIB
· Type-2-signal: signal(s) with scheduled time-frequency resource, e.g., SIB1/SIB2, which have periodical time-domain location and the scheduled frequency-domain location. 
In our understanding, the NR system may have a similar design. On one hand, the NR UE can derive the DL timing via a Type-1-signal without any initial knowledge of the cell. While a Type-2-signal can be dynamically scheduled, which provides resource allocation flexibility for the UE access. Such a design is also aligned with the NR requirement of forward compatibility, i.e., minimizing transmission of always-on signals.   
3 Design of initial access signals
NR supports low frequency bands (e.g., <6GHz) and high frequency bands (e.g., >6GHz). Considering the different signal attenuation in these two bands, the initial access signal design may be different. Thus, in the following, the design of initial access signal will be discussed separately in terms of frequency band. 
3.1  Initial access signals in a low frequency band
a. Type-1-signal
As in LTE, Type-1-signal may include the physical synchronization signal and physical broadcast channel. The resource for this type of signal is fixed in both time and frequency domain. Specifically, a Type-1-signal can be transmitted periodically and the frequency location can be set in a group of central or non-central sub-carriers. As in the agreement in RAN1#86, the frequency location can be the specified bandwidth in a NR carrier. 
b. Type-2-signal
In LTE, SIB1 and other system information are transmitted periodically with the frequency-domain location scheduled via PDCCH dynamically. Those signals provide the necessary configuration for the initial access. For example, SIB1 includes TDD-config, cell accessibility, cell selection/reselection parameters, scheduling information of other system information, etc., and SIB2 provides the configuration for random access procedure. Similarly, in NR, the Type-2-signal may also contain the information necessary for cell access, e.g., DL/UL configuration, random access configuration, etc. Moreover, that information may be transmitted via several Type-2-signals. Since Type-2-signal depends on the scheduling, some information should be determined by the UE before receiving it. In the following, we consider three methods to determine the scheduling of Type-2-signal:
· Method 1: the scheduling of Type-2-signal is determined by the NR physical control signalling, which has a static resource allocation, as shown in Fig. 1. Here, the NR physical control signalling may indicate the frequency-domain location only or time-frequency location of Type-2-signal.

 
Fig. 1. Type-2-signal scheduling in low frequency band (Method 1)
· Method 2: the scheduling of Type-2-signal is determined by the NR physical control signalling, which has a semi-static resource allocation, as shown in Fig. 2. Specifically, the resource for the NR physical control signalling is derived according to the information provided in a Type-1-signal. This method is similar to LTE, i.e., the MIB message provides the information for determining the location of PDCCH. 


Fig. 2 Type-2-signal scheduling in low frequency band (Method 2)
· Method 3: the scheduling of Type-2-signal is determined directly by information in a Type-1-signal, as shown in Fig. 3. In this method, since a Type-1-signal may not be changed frequently, the scheduling of the Type-2-signal is relatively static. 


Fig. 3 Type-2-signal scheduling in low frequency band (Method 3)
Considering the agreements in RAN1#86, the Methods 1&2 belong to Opt 1 (i.e., the transmission is scheduled by dynamic signalling), while Method 3 belongs to Opt 2(i.e., the transmission is scheduled by semi-static signalling). 
Proposal 1: the transmissions of Type-1-signal and Type-2-signal in a low frequency band can be designed considering the following methods
· Type-1-signal: transmitted in a fixed time-frequency resource
· Type-2-signal: transmitted over the resource scheduled by 
· Method 1: the control signalling located in a static resource
· Method 2: the control signalling located in a semi-static resource 
· Method 3: Type-1-signal 
3.2  Initial access signals in a high frequency band
In high frequency band, the severe propagation loss has significant impact on the cell coverage. To compensate for such losses, beamforming can be applied to enhance the received signal strength. However, due to the high directionality, one beam cannot serve the whole cell at a time. Thus, a beam sweeping architecture is most likely needed in NR over high frequency bands [1], as shown in Fig. 4. Specifically, at any time, only the UEs in the coverage of the formed beam can be served. 


Fig. 4 Beam sweeping
For high frequency bands, both the standard-alone (e.g., high frequency band only) and non-standard-alone (e.g., low frequency band+high frequency band) scenarios would be supported. For non-standard-alone case, the initial access may be assisted by the low frequency band cell. Thus, the design in section 3.1 could be followed. While for standard-alone case, with beam sweeping, the initial access signals in high frequency band should be re-designed. 
a. Type-1-signal
Considering Type-1-signal contains the physical synchronization signal and physical broadcast channel, it should be transmitted in each beam over a fixed time-frequency resource. By using this method, any UE in the cell has the chance to receive Type-1-signal. Based on this consideration, we can have two options for the transmission of Type-1-signals:
· Option1: Intra-TTI beam sweeping
In this option, as shown in Fig. 5, each Type-1-signal, e.g., physical synchronization signal and physical broadcast channel, is transmitted within one time interval (e.g., TTI) through the beam sweeping. Since the Type-1-signal of each beam is concentrated in the same time interval, the resource allocated to other data is limited, which is not good for data multiplexing in each time interval. However, this option can speed up the initial access procedure. 


Fig. 5 Intra-TTI beam sweeping 
· Option2: Inter-TTI beam sweeping
In this option, as shown in Fig. 6, each Type-1-signal is transmitted within one time interval (e.g., TTI) over one beam only. For example, in Fig. 6, the synchronization signal carried by 4 beams are transmitted over 4 different time intervals. With this option, only one beam carries the Type-1-signal in one time interval, more resource can be used for other data transmission in each time interval. However, the initial access delay would be larger than Option 1. 


Fig. 6 Inter-TTI beam sweeping
In both options, the detection time of a Type-1-signal is related to the number of beams. Thus, such a number should be carefully designed, e.g., fix number or variable number.
In addition, the Type-1-signal is transmitted over different beams. Thus, some information related to the transmitted beam, e.g., beam ID, resource location of the transmitted Type-1-signal, etc, may be included in Type-1-signal explicitly or implicitly. 
b. Type-2-signal
In high frequency bands, the transmission of Type-2-signal is still based on the scheduling. Thus, the methods proposed for low frequency bands are still applicable. In addition, the Type-2-signal should be received by all UEs in the cell. Therefore, the beam sweeping should be applied as well. Then, the intra-TTI and inter-TTI beam sweeping is applicable for Type-2-signal transmission. 
Proposal 2: the transmissions of Type-1-signal and Type-2-signal in a high frequency band can be designed considering the following methods
· Type-1-signal: transmitted in a fixed time-frequency resource via intra-TTI or inter-TTI beam sweeping with careful design of the number of beams
· Type-2-signal: transmitted via intra-TTI or inter-TTI beam sweeping over the resource scheduled by 
· Method 1: the control signalling located in a static resource
· Method 2: the control signalling located in a semi-static resource 
· Method 3: Type-1-signal  
4 Conclusions
In this contribution, we discuss the design of DL signals for initial access in the NR system and conclude with the following proposals: 
Proposal 1: the transmissions of Type-1-signal and Type-2-signal in a low frequency band can be designed considering the following methods
· Type-1-signal: transmitted in a fixed time-frequency resource
· Type-2-signal: transmitted over the resource scheduled by 
· Method 1: the control signalling located in a static resource
· Method 2: the control signalling located in a semi-static resource 
· Method 3: Type-1-signal 
Proposal 2: the transmissions of Type-1-signal and Type-2-signal in a high frequency band can be designed considering the following methods
· Type-1-signal: transmitted in a fixed time-frequency resource via intra-TTI or inter-TTI beam sweeping with careful design of the number of beams
· Type-2-signal: transmitted via intra-TTI or inter-TTI beam sweeping over the resource scheduled by 
· Method 1: the control signalling located in a static resource
· Method 2: the control signalling located in a semi-static resource 
· Method 3: Type-1-signal
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