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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 and discuss its implications, especially, to the control information provisioning.
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 NG-NB 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 NG-NB 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 – NG-NB 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 or receiving 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 NG-NB.
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 amount of broadcast signalling.
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 NG-NB.
2.2	Beam sweeping implications to RAN2 aspects	
As discussed in [2], many system aspects need to be considered taking into account the requirement of beam forming in higher frequencies. In the following, the implications to be considered by RAN2 due to the required beam sweeping are discussed wrt. control information provisioning.
2.2.1	Common control information
As discussed above, NG-NB may be able to address only a limited number of directions, ie., beams, at a time in a given cell requiring the beam sweeping to be used for common channels to address the whole cell coverage area. These common channels in PHY layer include, for instance, provisioning of synchronization signals and cell/beam reference signals to the UE to be able to synchronize to the cell in the coverage area of any given beam. From the higher layer point of view, the common channels are used to provision UE with system information (cf. MIB & SIBs in LTE) as well as paging information. In UL direction, the RACH needs also to be available via any beam direction in the cell and thus also requires sweeping. It should be immediately noticed that the provisioning of this information in a beam formed system does not come for free – the same information needs to be sent to each direction to be able to serve each UE in a cell. 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 in a single cell.
RAN1 needs to evolve its studies with frame structure and beam sweeping concepts before detailed design for the common control information can take place by RAN2. However, it is clear the burden with provisioning the common control information is bigger compared to legacy system, like LTE. On the other hand, it is also clear sufficient amount of information is required by the UE to be able to access the cell, ie., cell access related information, as well as to be able to operate efficiently in different RRC states. As an example, it would not be beneficial to make idle mode UEs to request during every cell reselection the target cell system information from the NG-NB via dedicated signaling. Furthermore, given the various use cases the NR system design needs to accommodate efficiently, there will be a tradeoff how much information should be provided via common signaling and how much could be provided via unicast signaling as per UE’s request. This should as well be an operator choice how and for which use to optimize the system at any given time and place.
Observation 3: NR design should allow flexibility in provisioning the common control information in a system subject to the operator’s choice on how and for which use to optimize the system.
In general though, the principle of minimizing the amount of common control information in high frequency system could be drawn which is subject to the desired use case. Also how that is done depends on the control information in question, e.g., system information could be less provided in broadcast manner and use unicast signaling instead. Furthermore, given the fact that in real networks the system information may not change between the neighbor cells of the same operator, possibilities to take advantage of this property should be considered in the studies as well. In any case, to support RAN1 studies on how to efficiently address the common control information provisioning design in the PHY layer for high frequency system, RAN2 should investigate and agree on how much information bits and with which periodicity would be required.
Observation 4: NR design should minimizes the amount of common control information broadcast in high frequency system.
Proposal 2: RAN2 should investigate and agree on the requirements for different common control information payload sizes and periodicities the NR L1 design needs to support and provide the analysis for RAN1.
2.2.2	Periodic L1 control
In LTE system, UE is configured with many L1 periodic resources in UL PUCCH channel, like SR, SRS, and CSI resources, to be able to indicate available UL data in the buffer or to provide UL / DL channel state information, respectively. From the RAN2 point of view, SR is the most relevant to be considered how that reflects the upper layer data needs for UL channel access times.
Since the amount of concurrent beams is limited in the NG-NB side, the LTE type of method to include periodic reporting/resources in UL physical control channel for a certain UE would require NG-NB to direct always during those resources a beam to the direction the given UE resides – even in case the UE would not send anything (e.g., in an SR opportunity). This could severely impact to available system resources as if no other UEs can be served through the same beam. However, for use cases like URLLC, it could be critical to be able to access the UL channel within a certain time limit which exposes own requirements for the design. Thus, RAN2 should study the latency requirements and identify the minimum channel access time NR L1 design should accommodate.
Observation 5: Periodic L1 control resources require NG-NB to direct one beam to a given UE even though the resource would not be used, like SR opportunity.
Observation 6: Use cases may put tough latency requirements for the NR system to support regardless of the L1 limitations.
Proposal 3: RAN2 should investigate and agree on the requirements for minimum channel access times the NR L1 design needs to support and provide the analysis for RAN1.
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 were further discussed pertaining to common control information provisioning. Based on these, the following proposals 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 NG-NB.
Proposal 2: RAN2 should investigate and agree on the requirements for different common control information payload sizes and periodicities the NR L1 design needs to support and provide the analysis for RAN1.
Proposal 3: RAN2 should investigate and agree on the requirements for minimum channel access times the NR L1 design needs to support and provide the analysis for RAN1.
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