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Multi-antenna transmission already plays an important role for current generations of mobile communication and will increase further importance in NR to provide high data rate coverage. This is mainly due to the support for higher frequency bands [TR 38.913] which requires that beamforming is used. At lower frequencies, such as for LTE, beamforming (or closed loop MIMO precoding) is mainly used for coverage and capacity increase of the data channels, but for the higher frequency bands encountered in NR, beamforming support is necessary for control plane as well. Hence, the challenges facing synchronization, access control and active mode mobility in NR are related to supporting the high-gain beam forming for user plane as well as control plane. This leads to the necessity of supporting a “beam based” design approach of the whole radio access technology.    
The NR specification should therefore support a beam-based approach at both transmitter and receiver for access and node selection to achieve coverage at higher frequency bands. In lower frequency bands (e.g. < 6 GHz), taking a beam based approach for node selection as well may be beneficial in some scenarios due to the fact that increased system performance is observed when the node selection is performed based on the actual available beams available for the data transmission instead of an cell wide reference signals as in LTE. However, it should be noted that the beam gain and beam-widths of the beams are much wider in this case compared to the high frequency use cases, due the fewer transmit antennas. For synchronization and system information broadcast, the use of a beam based approach may not be necessary at all at lower frequency bands. It should be noted as well that at lower frequencies, closed loop MIMO precoding will also be used for data channels, e.g. for FDD and in non-reciprocity based TDD use cases.   
Observation: Even though coverage is a relatively smaller problem at lower carrier frequencies, there is still a benefit in some cases of being able to use a beam based system access and node selection procedure across the whole supported NR frequency range. 
In this contribution we discuss some more details on system access for when NR relies on beamforming.
Requirements and design approaches for system access
Requirements have been discussed in SA2 and within different industry fora such as NGMN and METIS [1]. Some of these will have a direct impact on the way the system access procedures for the new 5G RAT are design, such as:
· The RAN should be designed to be future-proof and therefore, should support a wide range of frequencies, including very high frequencies (e.g. above 60 GHz), and provide harmonized solution across the different bands; another aspect related to future proofness is the transmission of signals that are possibly sparse in time and frequency (differently from the CRS design)
· The RAN should efficiently be able to optimize the energy consumptions
· The RAN should support flexible deployments with proper scalability 
In comparison to the current frequency bands allocated to E-UTRA, the new bands will have more challenging propagation properties, such as lower diffraction and higher outdoor/indoor penetration losses (i.e. signals will have less ability to propagate around corners and penetrate walls). 
In addition, atmospheric/rain attenuation and higher body losses could also contribute to making the coverage of NR signals in some of the high frequency bands potentially more spotty. In a system depending on beamforming for dedicated transmission it is challenging to provide system broadcast information to the cell edge. Several design approaches can be applied and those are listed below together with some general observations.
· Beamforming solutions are used in E-UTRA to improve user plane data rates and NR should extend this to allow using a fully beam-centric design i.e. all signals and channels, also the ones related to system access functionalities (e.g. for coverage detection and synchronization), should be possibly beamformed. 
· Additionally, different antenna architectures (analog, digital and hybrid) can be deployed and should be supported by the system access functionality. In the case of hybrid and analog architectures, the standards impact of beam sweeping and beam finding procedures for NR should be studied. Note that beam sweeping in system access signals will increase duty cycle and thus reduce the energy efficiency potential.
· Due to the high physical resource overhead cost of beam sweeping, it is beneficial to minimize the amount of broadcasted information to a bare minimum required for the UEs to access the system. All other system and access information should be transmitted to the UE in dedicated beams after initial access
· Utilizing repetition may also be exploited to increase coverage. But this increases the duty cycle and thus decreases the energy efficiency and the tradeoff should be carefully studied.
· Single Frequency Network (SFN) is another way to increase the SNR of the transmission and should also be possible to utilize. Here it could be possible to take advantage from that system information is often the same over a large area. The signals and channels distributing system information could be designed so that SFN transmission could be supported. A drawback is that it can only be utilized when there tight network synchronization is available and it may require a longer cyclic prefix.
· Broadcasting part of the system information on another lower frequency carrier or in another RAT such as LTE should also be considered
· Although beamforming is a more essential feature for the higher frequencies it is beneficial to have a specification that is agnostic to the used carrier frequencies so that the beam-centric design can be used for lower frequencies as well, if desired. That would allow the design of harmonized system access functionality across multiple carriers with fewer standards and implementation differences.
Mobility and beam finding in a beam based system
The use of beamforming in NR affects procedures for establishing a new link between the UE and the network. This has to be robust and designed for the high frequency band environment where links suddenly can drops 10s of dB in path gain when the terminals moves around a corner, out of line of sight. See the figure below showing an average SINR trace. 
Fast switching to beams from another node is necessary and for this purpose continuous tracking of beams is needed, either be DL measurements on beamformed mobility reference signals (MRS), uplink measurements, or a combination of both. 
DL beam finding is based on providing a set of candidate beams/MRSs in the DL for the UE to measure quality and report back to the network. The reports from the UE after MRS measurements are then used to determine the first serving beam at the new layer/frequency.
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Some design requirements on the mobility reference signal (MRS) is:
· It should be limited in time and frequency to allow 
· forward compatibility of the new RAT (to avoid collisions with signals of future enhancements, i.e. to avoid the CRS problem of LTE)
· to allow for mobility for terminals with limited bandwidth receivers
· The transmission occasions and frequency positions of the MRS should possibly be very flexible, from a (broadcasted) periodic MRS in subsequent subframes to a (unicasted) MRS occasion which is sparse in time and which can be scheduled to the terminal dynamically. 
· The MRS should have some identity (e.g. MRS-ID) that allows the terminals to measure and report detected MRSs, similar to the Cell-ID functionality in LTE
· The number of MRSs transmitted from one node should be flexibly, allowing also for a single wide-beam MRS (i.e. “single beam” node) 
· The mobility framework using MRS should be robust to the sudden drop in link quality, i.e. some kind of multi-connectivity connectivity (e.g. inspired on on Carrier aggregation and/or dual connectivity) is likely needed
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