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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
This contribution discusses about downlink discovery signal design for NR, specifically components of the discovery signal and transmission methods. Based on RAN1#86 agreements, the following requirements apply for the initial access signals [3]:
	Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering
· Single beam based and multi-beam based deployments
· TDD and FDD operations
· Different/mixed numerologies
· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case
· RAN1 should take at least following requirements into account to design initial access
· Providing at least following functionalities
· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell
· Providing necessary information for random access
· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)



2	Discussion
Initial access related to downlink signals need to provide the following functionality:
· Symbol, subframe and frame timing synchronization
· Frequency synchronization
· Signaling of cell identity e.g. for measurement 
· Essential system information provisioning, e.g. SFN, scheduling of further system information
· Reference signals for mobility measurements
· Beam detection for PRACH resource association and initial BS beam acquisition
Set of signals from above could be comprised as follows
· Synchronization signals (SSs) for 
· Symbol, subframe and frame timing synchronization
· Frequency synchronization
· Signaling of identity for cell search& measurements
· Reference signals for cell level mobility measurements
· Provide identity, i.e. PCI, for deriving DMRSs for NR-PBCH demodulation 
· Physical Broadcast Channel (NR-PBCH) for
· Essential system information provisioning
· Beam Reference Signals (BRS) for
· Beam detection for PRACH resource association and initial BS beam acquisition
Based on the structuring highlighted above we make a following proposal:
Proposal 1: Define a discovery signal comprising the following signals and functionalities:
· Synchronization signals (SSs) for 
· Symbol, subframe and frame timing synchronization
· Frequency synchronization
· Signaling of cell  identity e.g. for e.g. cell measurement and NB-PBCH demodulation purposes
· Reference signals for cell level mobility measurements
· Physical Broadcast Channel (NR-PBCH) for
· Essential system information provisioning
· Beam Reference Signals (BRS) for
· Beam identification for PRACH resource determination and initial BS beam association
Note that it is expected that the number of needed cell identities in physical layer is increased from that provided in LTE, as discussed in [6] and means to achieve this should be further considered. 
As a requirement for discovery signaling the following BS configurations should be supported as discussed in [7]:
1. Single-beam without discovery signal repetition
2. Single-beam with discovery signal repetition
3. Multi-beam without discovery signal repetition
4. Multi-beam with discovery signal repetition
Furthermore, a cell may comprise one or multiple TRPs which may transmit cell specific synchronization signals and NR-PBCH in SFN manner from one or multiple simultaneous beams from one or multiple TRPs in a cell. BRSs are allocated orthogonal resources among simultaneous beams in order to enable identify beams of the cell transmitted from one or multiple TRPs. 
In initial access, as described in [4] the UE procedure would go as follows: 
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Figure 1 UE procedures in initial access.
To provide BS configuration agnostic transmission methods to enable uniform solution for single-beam and multi-beam configurations the following principles are considered:
1. Synchronization signals are transmitted using a single-port scheme where simultaneous beams are virtualized to one-port transmission
2. The same transmission method for NR-PBCH in all configurations would be preferred to enable UE to detect and demodulate NR-PBCH without knowing beam configuration in the cell. One option is to consider 2-port SFBC where simultaneous beams are virtualized to two ports. It’s assumed that BS/NR cell will have at least two TXRUs. The following figure illustrates in high level how single-beam with 2 TXRUs and multi-beam with 2, 4, and 8 TXRUs configurations would transmit NR-PBCH by virtualizing simultaneous beams to 2-port SFBC.
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Figure 2 Single NR-PBCH transmission method for different BS configurations.
3. One beam would map to a BRS antenna port. In case of hybrid transceiver architecture at BS in use there should be as many BRS ports as simultaneous beams transmitting synch and NR-PBCH. In case of digital transceiver architecture BRS beams could have different beam patterns than used for synch and NR-PBCH. Beam configuration, e.g. total number of beams in the cell, beams per TRPs in the cell and number of simultaneous beams, would be signaled via NR-PBCH and other NR-SIBs, or it may be signaled to the UE in dedicated manner. 

In [5], frame structure support for multi-beam based downlink and uplink common control plane are discussed. Downlink and uplink beam sweeping subframes were proposed to enable efficient beam sweeping operation. The beam sweeping subframes are constructed from multiple sweeping blocks. Depending on BS configuration and capability, the BS may transmit/receive signals within a sweeping using one or multiple beams.
In order to minimize system overhead from the periodical DL sweeping subframes, the duration of one sweeping block should be minimized. Thus, discovery signal structure should maximize FDM multiplexing between synchronization signals, beam reference signals and physical broadcast channel and associated demodulation reference signals rather than TDM multiplexing. Due to constraints of the hybrid architecture, different signals of discovery signal are transmitted sharing the same non-frequency selective analog beamformer. Thus, it could be considered for instance reusing beam reference signals as demodulation reference signals for PBCH without need for separate resource elements for demodulation RS. Figure 3 illustrates an exemplary discovery signal structure in multi-beam operation. 
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[bookmark: _Ref458498658]Figure 3 Example of discovery signal structure in multi-beam operation.
Proposal 2: Downlink discovery signalling should be scalable in terms of number of parallel beams and total number of beams at the BS.
Proposal 3: Downlink discovery signalling should support sweeping operation in multi-beam operation. 
Observation 1: FDM multiplexed signals transmitted through the same TRXU (assuming sub-array architecture) share the same non-frequency selective beamformer.
Observation 2: Within discovery signal comprising both beam reference signals and physical broadcast channel, reuse of beam reference signals as demodulation RS for PBCH could reduce amount of resource elements required.  
Proposal 4: Discovery signal duration should be minimized to support efficient beam sweeping. 
Furthermore, an important aspect in design of NR are the energy saving aspects. E.g. minimizing always-on downlink signals is a clear requirement to minimize BS energy consumption. Ideally, the above described discovery signal would be the only downlink signalling taking place in the cell when there are no active UEs. To maximize the benefit, discovery signal periodicity should be configurable by the network. There could be e.g. normal periodicity used when the cell is in “active” mode and extended periodicity used when there are no active UEs in the cell. Naturally, that has impact on UE procedures like neighbour cell search and mobility measurements which needs to be taken into account. 
Proposal 5: Study possibilities for configurable periodicity for the discovery signal to enable power saving possibilities for the network. 
3	Conclusions 
In this contribution a downlink discovery signal is discussed. The following observations and proposals are drawn:
Proposal 1: Define a discovery signal comprising the following signals and functionalities:
· Synchronization signals (SSs) for 
· Symbol, subframe and frame timing synchronization
· Frequency synchronization
· Signaling of cell identity e.g. for cell measurements and NR-PBCH demodulation
· Reference signals for cell level mobility measurements
· Physical Broadcast Channel (NR-PBCH) for
· Essential system information provisioning
· Beam Reference Signals (BRS) for
· Beam identification for PRACH resource determination and initial BS beam association
Proposal 2: Downlink discovery signalling should be scalable in terms of number of parallel beams and total number of beams at the BS.
Proposal 3: Downlink discovery signalling should support sweeping operation in multi-beam operation. 
Observation 1: FDM multiplexed signals transmitted through the same TRXU (assuming sub-array architecture) share the same non-frequency selective beamformer.
Observation 2: Within discovery signal comprising both beam reference signals and physical broadcast channel, reuse of beam reference signals as demodulation RS for PBCH could reduce amount of resource elements required.  
Proposal 4: Discovery signal duration should be minimized to support efficient beam sweeping. 
Proposal 5: Study possibilities for configurable periodicity for the discovery signal to enable power saving possibilities for the network.
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