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Introduction

This contribution relates to the following proposals and agreements from RAN1-89AH
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· Supported by: QC, SS, E///, vivo, DCM, Lenovo, MotM, Oppo, Spreadtrum, LGE, Sharp, Nokia, ASB, MTK, ZTE, AT&T, CEWiT, Panasonic
· Objected by: IDC, Intel, HW, HiSi, CATT
Conclusion:
· No consensus at this meeting to support L1-RSRP reporting of measurements on SS block for beam management procedures in Rel-15
Proposals:
· In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification
· Supported by: ZTE, Ericsson, NTT DOCOMO, MediaTek, Spreadtrum, vivo, OPPO, Qualcomm, Xinwei, LG Electronics, AT&T, Lenovo, CMCC, China Unicom, China Telecom, ASTRI, Samsung, Nokia, ASB, III, MTI, Sharp, National Instruments
· Objected by: IDC, HW, HiSi, Intel


SS-beam reporting
The transmission of periodic CSI-RS consumes both, energy and airlink resources. To determine an upper bound we assume a fully loaded cell. Then the gNB may support the roughly the same number of beams as it uses for SS-blocks. As SS blocks consists of four symbols, each SS-beam will be held over four symbols, whereas each CSI-RS beam will be held over 1 symbol. Therefore, the overhead of periodic CSI-RS is roughly ¼ times the ratio of the subcarrier spacings of SS to CSI-RS times the ratio of the periodicities of the SS to CSI-RS:

The ratio of subcarrier spacings can be 1,2 or 4 and the ratio of the periodicities is to be expected to be larger than 1. The overhead for periodic CSI-RS is at least a quarter of the overhead of SS.

Observation 1:  The overhead and energy consumption for the transmission of periodic CSI-RS is at least 25% of the overhead of energy consumption of the SS-block signal, if periodic CSI-RS has to support beams for the entire sector.    

A gNB that is cognizant of the energy consumption and airlink overhead related to the transmission of periodic CSI-RS, will only support beams that are currently relevant to the UEs of the cell. As new beams emerge, they may be added after the gNB gets knowledge of them, i.e. they are available after a certain delay. A discovery that is based on SS-beams avoids this delay.
 
Observation 2: SS-beam based discovery of emerging beams is faster than periodic CSI-RS based discovery.
How does the gNB eventually know that a new beam becomes relevant for a UE? Clearly, the SS-beam reporting will inform the gNB about an emerging beam. Besides that, P2 procedures carried out by aperiodic CSI-RS bursts can lead to the discovery of better beams but this covers only the realm of incremental improvements. 

Observation 3: SS-beam reporting enables the gNB to determine which gNB beams need to be supported in periodic CSI-RS.

Periodic CSI-RS allows to offer beams more frequently to mobile UEs at the expense of stationary UEs. The latter may even be able to operate without periodic CSI-RS, if their beam management is based on SS-beams. In general, both resources, the SS blocks and the CSI-RS resources are utilized best, if reports of both are used for beam management.

Observation 4:  The use of SS-based beam reporting frees up periodic CSI-RS resources that can be either saved or used for highly mobile UEs.

UEs have to measure SS-blocks from neighbor cells and compare them to the measurement of the SS-blocks of the serving cell to satisfy mobility measurement requirement. UEs in C-DRX mode may have to conduct this measurement during the “off-cycle”. UEs can use additionally periodic CSI-RS but this comes with additional power consumption, which may be only justified if the measurement of the SS-blocks by itself is not sufficient for mobility reporting.  The unaveraged measurement results for the serving cell can be reused for beam management at no extra power consumption. The L1 reporting of the SS-beam measurements will require some additional power.

Observation 5: In C-DRX mode, SS-based beam reporting enables beam management with low power overhead by reusing measurements performed for mobility reporting.

Proposal 1: NR supports SS-beam reporting and CSI-RS beam reporting for beam management. 




Conclusions
Observation 1:  The overhead and energy consumption for the transmission of periodic CSI-RS is at least 25% of the overhead of energy consumption of the SS-block signal, if periodic CSI-RS has to support beams for the entire sector.    

Observation 2: SS-beam based discovery of emerging beams is faster than periodic CSI-RS based discovery.

Observation 3: SS-beam reporting enables the gNB to determine which gNB beams need to be supported in periodic CSI-RS.

Observation 4:  The use of SS-based beam reporting frees up periodic CSI-RS resources that can be either saved or used for highly mobile UEs.

Observation 5: In C-DRX mode, SS-based beam reporting enables beam management with low power overhead by reusing measurements performed for mobility reporting.

Proposal 1: NR supports SS-beam reporting and CSI-RS beam reporting for beam management. 
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