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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. The objectives of the new study item are copied from [1] below:
· The new RAT (NR) will consider frequency ranges up to 100 GHz [2].
The following was agreed in RAN1#84b [3]:
Agreements:
· Study enhanced massive MIMO analog/digital/hybrid beam-forming.

In this contribution, reference signal for beamformed access in NR at higher frequencies will be discussed.
Discussion on reference signal for beamformed access
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Motivation for beamformed access
Mobile communication networks have almost exclusively operated on frequencies on below 6GHz. However, extension into higher frequency bands, including are considered for NR. Carrier frequency of the NR extends higher frequency band (e.g. 28GHz/60GHz, etc.) with large bandwidth. 
Supporting carrier frequencies above 6GHz, bring a number of challenges in the area of radio propagation. One of the challenges of above 6GHz could be how to provide similar coverage as below 6GHz due to the path-loss according to carrier frequency increases. Traditionally, due to the high propagation loss, above 6 GHz have mostly been utilized for backhaul links, not cellular links. In order to use above 6GHz for NR, two major impediments have to be considered : sufficiently large geographical coverage and support for mobility even in NLOS environments where the direct communications path between the transmitter and receiver is blocked by obstacles. The overall path-loss may actually be reduced as the frequency increases by applying beamforming. Even in below 6GHz, beamforming technique would be one solution to extend coverage as well. 
A relevant discussion motivating the beamformed access can also be found in companion contributions, and it has been found that beamforming is essential for some NR scenarios even for basic coverage [4][5].
Beam-specific reference signal for beamformed access
Directional beam signal quality measurement is essential for beam/cell selection and RRM measurements in NR, to ensure the basic coverage. Because of the highly directional nature of beamforming based communications, the eNB and UE need to be aligned in the right direction to obtain maximum gain. eNB for NR might use a hybrid beamforming combining analogue beamforming and digital precoding in which the eNB sends reference signal with certain beams that are pre-defined according to antenna patterns created by changing beamforming weight. UE measures quality of the reference signal from each direction. UE can select the best beam via measured quality and feedback it to eNB. 
Therefore, beam-specific reference signal should be introduced for beamformed access in NR. We called these reference signals as beam measurement reference signal. 
The main purpose of the beam measurement reference signal in NR are to select the best beam pair(s) between a UE and its serving NR eNB, which can be used for control signalling and data communication. The beam measurement reference signal has some characteristics represented as follows: 
· The beam measurement reference signal acts like cell-specific reference signal. That is, the beam measurement reference signal for beamformed access is transmitted periodically such as PSS/SSS/BCH. 
· The beam measurement reference signal occupies multiple symbols on different beams to cover whole area. That is, the beam measurement reference signals on individual Tx beam are transmitted from the eNB until all of the Tx beams are transmitted. 

Proposal 1: Introduce beam-specific reference signals (BRS) used at least for UE’s RRM measurement. 

Procedure related to beam measurement reference signal


Figure 1. Operations on beam measurement reference signals
Fig. 1 shows the transmissions related to beam measurement reference signal in frame structure. Beam measurement reference signal for beam selection should be transmitted from eNB periodically like synchronization signal/broadcasting channel. One example of the procedure related to beam-specific reference signal is as follows: 
1 eNB transmits multiple beam measurement reference signals in a subframe/frame to support the number of eNB’s beams. A UE who has different N beams holds its UE Rx beam during beam measurement and switches it every beam measurement reference signal period. 
2 The UE selects the best beam pair by comparing signal quality estimated at current and previous frames. 
3 The UE transmits the best eNB Tx beam index to eNB via PUCCH/PUSCH and stores UE Rx beam index corresponding to the estimated eNB Tx beam index. 

A beam selection with hybrid beamforming in a cellular system takes long period for beam selection because it is needed for a serving eNB to select the best beam pair among all possible beam combinations. In order to reduce the long duration for beam selection, it can be applied to allocated bunch of symbols in a subframe/frame, but it might cause the significant burden for cellular systems. Indeed, a small misalignment between eNB and UE beams may cause a significant loss in the received power, especially for systems with narrow beams. Thus, when designing of beam selection mechanism, it is needed to consider the best trade-off between beam measurement reference signal overhead and beam measurement periodicity. Moreover, efficient beam selection mechanism using beam measurement reference signal might be further studied. For example, additional UE-specific reference signal for beam refinement might be also considered. 

Observation 2: For efficient beam selection mechanism, it is needed to consider the best trade-off between beam measurement reference signal overhead and beam measurement periodicity.

Proposal 2: Study (1) periodic mapping of cell-specific BRS for RRM measurement and (2) aperiodic mapping of UE-specific BRS for beam refinement.

Conclusions
This contribution discussed beam-specific reference signal for supporting beamformed access. The observations and proposals are as follows:
Observation 1: Beamforming can be one of solutions for coverage extension 
Observation 2: For efficient beam selection mechanism, it is needed to consider the best trade-off between beam measurement reference signal overhead and beam measurement periodicity.
Proposal 1: Introduce beam-specific reference signals (BRS) used at least for UE’s RRM measurement. 
Proposal 2: Study (1) periodic mapping of cell-specific BRS for RRM measurement and (2) aperiodic mapping of UE-specific BRS for beam refinement.
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