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1. Introduction
[bookmark: _GoBack]Initial-access signals design is one of the key topics in 5G NR. In 3GPP RAN1 #85, some agreeements were achieved, including support of different numerologies in a NR carrier as below:
Agreements:
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal
· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal
In this contribution, we give some considerations on initial-access signals design principles.
2. Considerations on initial-access signals design
Initial-access signals include synchronization signals, broadcast signals, random access signals and random access response signals.
The design principle is to fulfill the following targets:
2.1 Coverage
Needless to say, this is the basic requirement of initial-access signals. In the below 6GHz carriers, omni-directional or directional signals can achieve a good coverage in the typical cell network. But in the above 6GHz carriers, due to the large path loss, the coverage is quite limited. So the discussion is focused on above 6GHz carries.
From deployment perspective, massive antenna arrays and high density base station could be employed to improve the coverage problem.
From signal processing perspective, power boosting/ SFN/ repetition/ beam diversity/ antenna diversity needs to be evaluated.
Power boosting is beneficial for the synchronization signals coverage, and also for the broadcast channel if only using corresponding DMRS for demodulation.
SFN design could also be used in synchronization signals, but it is better not to deliver any information of cell id to avoid detection ambiguity and phase mismatch for coherent demodulation of following channels. 
Multi-beam based and single-beam based approaches can be both used in synchronization signals and broadcast channel design. But UE should be agnostic to the number of beams used in initial access design, or even to whether multi-beam approach or single-beam approach is used. Multiple time units may need to sweep multiple beams for multi-beam based approaches or repeat multiple times for single-beam based approaches, which depends on the overall initial access design. Furthermore, different sweeping beams or repetition beams may transmit the same sequences or different sequences.
· Observation 1: For the coverage enhancement: Power boosting is beneficial for the synchronization signals coverage, and also for the broadcast channel if only using corresponding DMRS for demodulation.
· SFN design may still used in synchronization signals
· UE should be aganostic to whether single-beam approach is used or multi-beam approach is used. 
2.2 Carried information 
The information carried by initial-access is crucial to the measurement procedure and access procedure.
For synchronization signals, the following information may be carried:
· Cell ID
· Frame timing
· Frame structure type
· Beam information. In above 6GHz case, some additional beam information may be needed.
For broadcast channel, the following information may be carried:
· SFN, system frame number
· Bandwidth
· Supported numerologies, if the base station intends to support multiple numerologies, this information can help UE to detect if the system is accessible. 
· Random access resource for multiple numerologies, if this information is carried, UE can directly access the network, without listening to the long SIB messages as in LTE. For different numerologies, it may indicate different random access resources.

For random access signal, the following information may be carried:
· Random sequence chosen in the predefined set
· Beam information, if in above 6GHz case, beam information can be carried by using different sequence or different random access time instance.
· Numerologies, if the target base station can support multiple numerologies, the base station can define different resources for different numerology. The UE can indicate its numerology by selecting the associated resource.
· Special request, for example scheduling request, special channel state report or acquisition  of system information can also be designed using random access channel.

For random access response signal, the following information may be carried:
· Confirm information of random access signal
· Temporal arrangement information, including temporal identity, uplink grant information
· Further system information, information that may be need in the follow access procedure or response to the system information acquirement
· Other scheduling information, consistent with the above random access signal, special scheduling information can be delivered in random access response signal, such as scheduling grant to the scheduling request, channel state report or SRS trigger.
Observation 2: For the carried information:
· The information carried by initial-access is crucial to measurement procedure and access procedure and need to be scrutinized carefully
2.3 Overhead
Synchronization signals and broadcast signals are typical always on signals, so the less the better.
The overhead of synchronization signals is quite difficult to reduce, since it is directly coupled with synchronization performance.
But the overhead of broadcast signals can be reduced further compared to LTE. In LTE, the broadcasted system information includes MIB and SIB. Since SIB includes large amount of information, it has large overhead, although it has a long period.
To reduce the overhead of broadcast channel, one possible way is only transmit crucial information directly related to initial access in broadcast channel, like information in the MIB and some of information in the SIB. Other  information not directly related to initial access can be transmitted in UE specific manner after UE connects to the network. . Such UE specific transmitted system information is acquired on demand, not periodically transmitted over the whole area occupying large amount of time/frequency/spatial resources.
Observation 3:	For initial access signal overhead:
· Broadcast signals can be reduced further by transmitting information not directly related to initial access in UE specific manner
2.4 Multiple numerologies
Co-existence of multiple numerologies in one carrier is to be supported in 5G NR. Since multiple numerologies are extended from a basic numerology, synchronization signal share between different numerologies can be based on the basic numerology.Without further information on how exactly different numerologies are packed together on the carrier, the broadcast channel should use the same numerology as synchronization signals, or some fixed numerology defined in spec. 
In order to detect random access signals of different numerologies, it is better to use different time-frequency resources for different numerologies If so, there is a need to carry random access information in the broadcast channel.
Observation 4:	For multiple numerologies support:
· synchronization signal shared between different numerologies can be based on the basic numerology
Random access resources should be different for different numerology. The exact resources for different numerologies are indicated in the broadcast signal.
2.5 Support of both low band and high band frequency
From the perspective of specification, it is better that the core part of NR should be agnostic to deployed bands. Generally, if the design fulfills the high band scenario’s requirement, it is easier to extend to the low band scenario. The main differences between low band and high band are different numerologies and multi-antenna schemes. Thus the initial access signal should be designed considering these aspects.
· For the difference of numerologies, it is better that even for different bands, they reuse the same basic numerology (120kHz for both sub 6GHz and above 6GHz bands) or the same set of basic numerologies for blind detection, e.g. {15kHz, 240 KHz}. Through synchronization and broadcast signal, UE could further find out the exact numerology to be used.
· For the difference of multiple antenna schemes, as we have discussed, UE should be agnostic to actual number of multi-antennas used for initial access. We should have the same configurable beam sweeping/ beam training/single beam approach that could be deployed in both low band and high band.

Observation 5:	Support of both low band and high band frequency:
· The main difference lies in different numerologies and multi antenna schemes;
· Different bands might use the same basic numerology for synchronization and broadcast signals. Or a basic set of numberology could be defined for blind detection.
· The same configurable beam sweeping/ beam training/single beam approach should be designed for both low band and high band.

· 
3. Conclusions
From the perspective of design principles, we give our observation:
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