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1
Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
This contribution discusses beam management procedures in initial access. 
2
Discussion
During the initial access, initial BS DL and UL beam acquisition is performed. In that phase the BS is un-aware of the UE’s capabilities until UE gets RRC connected. Thus, it is logical that potential UE TX/RX beam alignment and training are transparent to the BS and network during the initial access. However, assuming 4-step random access procedure comprising both downlink and uplink signaling between BS and UE the beam alignment between BS and UE is needed before the UE is actually in RRC connected state in order to utilize BS and UE side beamforming. Thus, initial access procedure should be designed to enable the following:

· When BS is receiving PRACH preamble from a UE, the BS RX beam is pointing to a direction the UE’s signal is coming from

· When BS is transmitting Random Access Response to the UE, the BS would be able to use strong TX beam from receiving UE point of view without need for downlink sweeping
· When BS is receiving uplink transmission corresponding to Random Access Response, the BS RX beam is pointing to a direction the UE’s signal is coming from

· When BS is transmitting Contention Resolution message, the BS would use strong TX beam from receiving UE point of view
It was agreed in RAN1#86bis that association between DL signals and RACH resources is supported for case with reciprocity and no-reciprocity. One alternative to determine the association is to define it between NR-SS capturing the set of BS beams transmitted in parallel at a certain NR-SS transmission time instant and PRACH resources. This association can be futher refined by determining linkage between beam specific RSs uniquely identifying BS beams and PRACH resources. As noted in the intial beam aligment, PRACH preamble transmission/reception scheme should enable BS to determine feasible DL beam for RAR transmission so that no DL beam sweeping is needed. 

In case of TX/RX beam reciprocity at BS and single TRP per cell, the BS may also determine the DL beam from the preamble reception across multiple RX beams where separate PRACH detection is performed per RX beam. For non-reciprocity case at BS without beam association the preamble reception could not be assumed to reveal the preferred DL beam, DL beam sweeping would be needed. Thus, for both cases, with reciprocity and without reciprocity, it would be beneficial if PRACH preambles or PRACH resources in general, could be associated with BS DL beams so that BS wouldn’t need to use all TXRUs that were used for transmission of NR-SS for RAR transmission but only resources needed to form a strong beam towards the UE. 

Observation 1: Beam specific RS would be needed for initial DL beam acquisition to optimize RAR transmission.
Proposal 1: Potential UE side beam training and beam alignment are transparent to the network during initial access.

Proposal 2: Enable BS to align BS beam towards the UE performing initial access in multi-beam operation. 
As discussed in [3], basis for initial BS beam acquisition would be DL Beam Reference Signals (BRSs) transmitted as part of downlink SS block signaling. The SS block signaling supports different single-beam and multi-beam configurations as described in [5].
In initial access, as described in [3] the UE procedure would go as follows including steps for initial BS DL and UL beam acquisition: 
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Figure 1 UE procedures in initial access.
As illustrated in [4] hybrid transceiver architecture receiver at BS may be enhanced by digital subsystem e.g. to receive PRACH and other uplink control signaling without requiring time domain beam sweeping operation. Thus, in this case multi-beam downlink could be associated with single-beam uplink for PRACH. There could still be association between BRSs and PRACH resources to signal the BS the preferred DL beam. If TX/RX reciprocity was available at BS, the UL beam e.g. for UL data reception at BS could be derived from the selected PRACH resource and/or by the digital subsystem receiver. If TX/RX reciprocity was not available at BS, the BS could derive UL beam used by hybrid array by the digital subsystem receiver. Thus, PRACH configuration should support multi-beam DL and single-beam UL.

When TX/RX reciprocity is available at BS, a PRACH resource in one time instant with set of PRACH preambles can be associated to a certain BS beam. UE would transmit only using the preamble belonging to the set of preambles associated to the preferred BS beam measured from BRSs. From detected PRACH preamble or PRACH resource the BS may determine initial BS DL and UL beam for a UE performing initial access. Multi-beam DL and multi-beam UL with TX/RX reciprocity is illustrated in Figure 2.
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Figure 2 PRACH transmission when TX/RX reciprocity at BS is available.

Proposal 3: When reciprocity is available at BS, initial BS DL and UL beam acquisition is determined from detected PRACH preamble or PRACH resource for a UE performing initial access.
When TX/RX reciprocity is not available at BS, UL beam acquisition needs to be performed separately via UL beam sweeping. Thus, multiple time domain PRACH resources with a set of PRACH preambles can be associated to a certain BS beam. UE would indicate the preferred DL BS beam by transmiting using the preamble belonging to the set of preambles associated to the preferred BS beam (measured from BRSs). This would need to be done on all corresponding time domain PRACH resources in order to enable UL beam detection. So this has a drawback compared to the reciprocical case above that with the same amount time and frequency resources configured for PRACH, PRACH capacity is decreased by the factor of time domain resources because one UE needs to transmit on all time domain resources. E.g. if the UL sweeping requires 10 time domain resources, PRACH capacity is reduced by 10 times compared to reciprocity case. Multi-beam DL and multi-beam UL without TX/RX reciprocity is illustrated inFigure 3. Note that in this figure it is assumed that from UE perspective RX and TX beam resiprocity is maintained, so that it is sufficient that UE can transmit the PRACH to a TX beam corresponding to the RX beam accosiated to the best DL beam. If no reprocity can be assumed either from UE RX and TX beam perspective, the initial beam accusition would possibly need to be performed over all possible UE TX beams. As the UE beam configuration should be transparent to the BS, this would further complicate the procedure and introduce additional latency to the initial access process.
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Figure 3 PRACH transmission when no TX/RX reciprocity at BS is available.

Observation 2: When reciprocity is not available, initial BS DL beam acquisition can be determined from detected PRACH preamble or PRACH resource for a UE performing initial access. Initial BS UL beam acquisition requires UE to transmit over multiple time domain PRACH resources.
Observation 3: If no reprocity can be assumed either from UE RX and TX beam perspective, the initial beam accusition would possibly need to be performed over all possible UE TX beams.
Proposal 4: Further consider the scenario in which reciprocity is not available, to understand what assumptions should be taken.

Proposal 5: If the BS uses digital RX, the UE may transmit PRACH preamble on one time domain PRACH resource.
3
Conclusion

In this contribution, we discuss about beam management procedures in initial access. The following observations and proposals are made:
Observation 1: Beam specific RS would be needed for initial DL beam acquisition to optimize RAR transmission.

Proposal 1: Potential UE side beam training and beam alignment are transparent to the network during initial access.

Proposal 2: Enable BS to align BS beam towards the UE performing initial access in multi-beam operation.
Proposal 3: When reciprocity is available at BS, initial BS DL and UL beam acquisition is determined from detected PRACH preamble or PRACH resource for a UE performing initial access.
Observation 1: When reciprocity is not available, initial BS DL beam acquisition can be determined from detected PRACH preamble or PRACH resource for a UE performing initial access. Initial BS UL beam acquisition requires UE to transmit over multiple time domain PRACH resources. 
Observation 2: If no reprocity can be assumed either from UE RX and TX beam perspective, the initial beam accusition would possibly need to be performed over all possible UE TX beams.
Proposal 4: Further consider the scenario in which reciprocity is not available, to understand what assumptions should be taken.

Proposal 5: If the BS uses digital RX, the UE may transmit PRACH preamble on one time domain PRACH resource.
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