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1 Introduction
During RAN#71, a study item (SI) [1] on New Radio Access Technology was approved.
In particular, the SI description (SID) includes
· The study aims to develop a new RAT to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. 

The new RAT will consider frequency ranges up to 100 GHz (TR38.913).  
Subsequently during RAN#85 it is agreed [2]:

· 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
· Single-beam based approaches

· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS

In this contribution, we discuss the design considerations for random access aspects of a multi-beam based initial access procedure in a beam-based network.  In such a network the TRP can apply beam sweeping to the downlink synchronization signals and broadcast channels as discussed in [3].  

2 Downlink Beam Specific PRACH Resource
A TRP can apply the downlink beam sweeping of discovery signals including synchronization signals and common control channels to provide cell access on a per-beam basis.  Corresponding to the downlink beam sweeping of the discovery signals the TRP can sweep uplink receive beam to direct high receive beamforming gain toward the UEs that are transmitting preambles following the detection of discovery signals in a downlink beam. Thus each downlink beam carrying discovery signal can correspond to an uplink receive beam based on downlink and uplink reciprocity.  For example a downlink transmit beam covering a specific downlink angle of departure (AoD) range can map to an uplink receive beam that provides a same spatial coverage for uplink angle of arrival (AoA). In addition, the correspondence can include time resource allocation and timing relationship between each downlink transmit beam and uplink receive beam pair as the downlink transmit and uplink receive beam sweeping can be coupled in scheduling.  
One example of taking advantage of such correspondence can be transmission of PRACH (preamble) in random access procedures and the benefits include:
· The UE can time the preamble transmission when an uplink receive beam is active
· The UE can beamform the preamble transmission toward an uplink receive beam when it is active

· The TRP can receive preambles using high beamforming gain

· The TRP can derive the downlink beam information based on the uplink beam preamble transmission and use it for further downlink or uplink beam pairing procedures

This correspondence can be conveyed by applying an association between preamble resource set for each downlink beam carrying the TRP discovery signals. This association enables the UE to select a preamble resource set that can optimize the uplink preamble transmission based on the downlink beam information. The preamble resource set can include uplink beamforming configuration, preamble sequence, transmission timing, transmission sub-frame, frequency allocation, etc. The transmission timing can be a time offset between the start of an initial preamble transmission and its associated downlink beam reference timing. 
Observation 1: An association between downlink beam and the PRACH resource set including preamble uplink beam configuration and preamble transmission timing can improve PRACH reception at the TRP.
Using this principle as a starting point one can study a number of mechanisms aiming at enabling efficient RACH access.  For example, within the coverage of a TRP there are locations where a UE can detect and receive multiple synchronizations in different beams within a search window.  For example when the UE is located between two beam coverages but sufficiently close to the TRP, it may be able receive both synchronization signals of each beam at good level.  Also, if the network employs beams of different widths for beam sweeping, some UE’s that are sufficiently close to the TRP may be able to detect both a narrow beam and an overlapping wide beam.  This provides a way for the network to adapt properties of downlink and uplink beams (such as periodicity, dwell time, beam width) in such a way that the load on available RACH resources is more balanced or even to facilitate measurements by UE’s served by neighboring TRP’s. 
To enable this the UE may be configured to select one of received downlink beams for synchronization with the TRP based on values of some properties of the detected downlink beam according to pre-determined rules and criteria.  A beam property (e.g. beam width) could be indicated for example using grouping of synchronization sequences (e.g. based on a used base sequence).  One of the rules can be that UE select a downlink beam with certain property values that will facilitate the PRACH transmission.  For example the UE can select the downlink beam with the best received energy level for synchronization and use its associated PRACH resource set.  Also, the UE can beamform an uplink beam at the downlink beam direction for preamble transmission using the channel reciprocity.

Observation 2: Selection of a downlink beam and its associated PRACH resource set based on certain property of the downlink beam can be used to facilitate PRACH access.
Another possible mechanism is to enable transmission over multiple PRACH resources. The UE can also select one downlink beam for synchronization and use its associated PRACH resource set and in addition the UE can use PRACH resource set corresponding to another detected downlink beam. The UE can transmit preambles using different uplink beams and resource sequentially before monitoring of random access response (RAR). UEs with multiple TRXs could also transmit these preambles simultaneously when the uplink beams used for transmission are spatially separated.  The multiple beamformed PRACH transmission can be used to accelerate the random access procedure, for example when one link is blocked.  

When the UE selects the downlink beam for PRACH resource set it can monitor the same beam for random access response (RAR) according to the timing configuration in the PRACH resource set.  The timing configuration can include for example the start of the monitoring window and the length of the window.  These parameters could be set in accordance with the each downlink beam’s sweeping periodicity and dwell time and can be different beams.  
The TRP can based on the received PRACH transmission decide which downlink beam the UE has selected and transmit the RAR in the same beam.  The RAR can include further transmission configuration for example for an downlink UE-specific reference signal transmission for a UE-specific beam pairing for further data transmission.  Alternatively, the TRP can decide to transmit RAR in a more UE-specific beamforming configuration based on the receive PRACH transmission. 
Observation 3: The network can adapt transmission of the random access response based on property(ies) of the PRACH transmission received from the UE.
Proposal: Study following beam-based random access mechanisms for NR:

· Timing-based association between downlink beam and PRACH resource
· Selection of PRACH resource based on property(ies) of associated downlink beam
· Transmission over multiple PRACH resources
3 Conclusion

This contribution discusses random access design aspects of a beamformed initial access procedure in a beam-based system.  The following observations are made regarding requirements that should be satisfied by a beam-based framework:

Observation 1: An association between downlink beam and the PRACH resource set including preamble uplink beam configuration and preamble transmission timing can improve PRACH reception at the TRP.
Observation 2: Selection of a downlink beam and its associated PRACH resource set based on certain property of the downlink beam can be used to facilitate PRACH access.
Observation 3: The network can adapt transmission of the random access response based on property(ies) of the PRACH transmission received from the UE.

The following study is proposed:
Proposal: Study following beam-based random access mechanisms for NR:

· Timing-based association between downlink beam and PRACH resource
· Selection of PRACH resource based on property(ies) of associated downlink beam
· Transmission over multiple PRACH resources
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