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1.  Introduction
[bookmark: _GoBack]At RAN1 #85, it is agreed to study beamforming procedures and system impacts for multi-beam based approach [1].
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)
· System-information delivery 
· RRM measurement/feedback
· L1 control channel
· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure
· Note: single beam approach can be a special case of multi beam approach
· Note: Individual optimization of single beam approach and multiple beam approach is possible
· Multi-beam based approaches
· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE
· One example of multi-beam based approaches is beam sweeping:
· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
· Single/multiple beam can be transmitted/received in a single time instance
· Others are FFS


· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches 
· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)
· E.g. UL sounding signals
· Other example is not precluded

In this contribution, we discuss possible consideration on beamforming operations for initial access. 
2. Beam Forming Operation for Initial Access
To cover a cell or sector area for supporting UE’s initial access, a NR-node or TRP may sweep through the beams specifically carrying the synchronization signal, system information, etc. 


[bookmark: _Ref458803080]Figure 1 Single Pattern Beam Sweeping for Initial Access
As illustrated in Figure 1, the Sweeping Duration depends on the number of sweeping positions which are defined by the beam width or coverage of the sweeping beam and the service coverage for the initial access. For mmWave beams, the beams are narrower and coverage area is smaller, therefore more beam positions are needed for initial access coverage which may cause longer sweeping duration time. This may result in more DL resources for NR-node to transmit synchronization signal and system information for initial accessing and more latency for a UE to acquire initial access to the NR system.
Observation 1: for beam sweeping pattern that sweeps one beam at a time, more positions needed for initial access coverage may cause longer sweeping time, and thus cause more overhead for the DL system resources and more latency for a UE to acquire initial access to the NR system. 



[bookmark: _Ref458805238]Figure 2 Multi-Pattern Beam Sweeping for Initial Access

A beam sweeping pattern that sweeps more than one beam at a time for initial access is shown in Figure 2 with reduced sweeping duration by three time as the exemplary illustration. This reduces the overhead for the DL system resources, and enables beam sweeping for a much shorter Sweeping Interval which reduces the time for a UE to acquire initial access to the NR. But synchronization among the multi beams may be required for maintaining the beam orthogonality, and beam pilot contaminations need to be avoided with more cautious design of synchronization sequence.
Observation 2: for beam sweeping pattern that sweeps more than one beam at a time, more cautious design is required for beam synchronization, beam pilot sequence design, etc.
To meet diverse requirements of use cases, beam forming operations need to adapt to different time frame structures defined by different numerologies. For example, multi-pattern sweeping may be more suitable for URLLC devices, and single-pattern sweeping for mMTC devices.
Proposal: beam forming operations need to adapt to different time frame structure defined by different numerologies.
3. Conclusion
In this contribution we discussed the beam forming operation for initial access and conclude the following:
Observation 1: for beam sweeping pattern that sweeps one beam at a time, more positions needed for initial access coverage may cause longer sweeping time, and thus cause more overhead for the DL system resources and more latency for a UE to acquire initial access to the NR system. 
Observation 2: for beam sweeping pattern that sweeps more than one beam at a time, more cautious design is required for beam synchronization, beam pilot sequence design, etc.
Proposal: beam forming operations need to adapt to different time frame structure defined by different numerologies.
4. Reference
[1] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting#85, Nanjing, China, May, 2016
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