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1	Introduction
A new study item was agreed at RAN#71 that aims to develop a New Radio Access Technology (NR) [1]. In the study item document, key requirements were listed and it was proposed that NR system should be able to use frequency bands up to 100 GHz. To compensate the increased path loss of higher frequency bands, the need for beam forming was identified.
In general, for RAN2 to progress with the considerations on many system aspects in parallel with RAN1 studies, some assumptions need to be made of the L1 design. In this contribution we present the concept of beam sweeping in the high frequency system.
2	Discussion
2.1	Beam sweeping
The effect of higher frequencies on coverage and the compensation of path loss by using multiple narrow beams for downlink common channels are illustrated in Figure 1. In lower frequency bands (e.g. current LTE bands < 6GHz) the required cell coverage may be provided by forming a wide sector beam for transmitting downlink common channels. However, utilizing wide sector beam on higher frequencies (>> 6GHz) the cell coverage is reduced with same antenna gain. Thus, in order to provide required cell coverage on higher frequency bands, higher antenna gain is needed to compensate the increased path loss. To increase the antenna gain over a wide sector beam, larger antenna arrays (number of antenna elements ranging from tens to hundreds) are used to form high gain beams.


Figure 1. Illustration of providing cell coverage with sector beams and multiple high gain narrow beams.
As a consequence, the high gain beams are narrow compared to a wide sector beam so multiple beams for transmitting downlink common channels are needed to cover the required cell area. The number of concurrent high gain beams that NR BS is able to form may be limited by the cost and complexity of the utilized transceiver architecture. In practice, on higher frequencies, the number of concurrent high gain beams is much less than the total number of beams required to cover the cell area. In other words, the NR BS is able to cover only part of the cell area by using a subset of beams at any given time. This is called beam sweeping – NR BS needs to sweep through the cell coverage area in time domain by activating different set of beams at any given time. Thus for NR, a so-called sweeping subframe may be introduced to provide coverage for common control channel signalling periodically with beam forming. Sweeping subframe consists of sweeping blocks (SB) where a single block covers a specific area of the cell with a set of active high gain beams. Depending on the number of active beams per sweep block and the total number of beams required to cover a cell area, multiple sweep blocks may be needed. Sweeping subframe is illustrated in the Figure 2.


Figure 2. Illustration of sweeping subframe structure.
The active beams depicted above could be used for either transmitting (gNB Tx beam) or receiving (gNB Rx beam) information thus the sweeping subframe can be defined as downlink or uplink sweeping subframe. Further, assuming TDD system and reciprocity between downlink and uplink channels, to cover cell area on uplink and downlink direction with same beam configurations per sweeping block, essentially the same number of SBs need to be defined for uplink and downlink directions.
Observation 1: Beam sweeping is required in the higher frequencies for covering the whole cell area with common channels as the number of concurrent high gain beams is limited in the NR BS.
Observation 2: Beam sweeping can be used in downlink or uplink direction.
RAN1 needs to evolve in discussing and identifying the beam sweeping structure, periodicity, etc. before RAN2 can consider any detailed design based on those. However, it should be fair to take such conditions into account at the very beginning in RAN2 to progress the work, especially, in putting requirements for the system to support, e.g., pertaining to common control information provisioning. 
From the RAN2 point of view, this would mean for DL at least the system information (cf. MIB & SIBs in LTE), paging, as well as the RRM measurements. In UL direction, the RACH needs also to be available via any beam direction in the cell and thus requires also sweeping. For instance, if the Amount_of_beams_per_cell is 112 and Amount_of_concurrent_beams is 8, the same information would need to be transmitted at least in 14 different time occasions to cover a single cell area. Hence, RAN2 should take these limitations into account from the very beginning, e.g., in defining the Minimum SI content, as well as paging and RRM measurement procedures.
Proposal 1: To support NR work efficiently for higher frequency aspects, RAN2 makes the following assumption:
-	Beam sweeping is required in the higher frequencies for covering the whole cell area with DL and UL common channels as the number of concurrent high gain beams is limited in the NR BS.
-	The total amount of beams and concurrently transmitted beams are left for NW implementation.
3	Conclusions
In this contribution the concept of beam sweeping was presented which needs to be applied in higher frequency system that exploits beam forming and cannot address all the beam directions concurrently. Implications from RAN2 point of view are mainly in provisioning common control information like system information and paging in DL or support for RACH in UL. Based on these, the following proposal apply:
Proposal 1: To support NR work efficiently for higher frequency aspects, RAN2 makes the following assumption:
-	Beam sweeping is required in the higher frequencies for covering the whole cell area with common channels as the number of concurrent high gain beams is limited in the NR BS.
-	The total amount of beams and concurrently transmitted beams are left for NW implementation.
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