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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 about association between PRACH resources and DL signals. Related agreements (highlighted in yellow) in RAN1#86 were the following [3]:
	Agreements:
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied
· Details on Msg. 1 and Msg. 2 are FFS
· Study should include comparison with the above procedure (first bullet)
· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including
· Non Rx/Tx reciprocity at BS or UE
· Full or partial Rx/Tx reciprocity at BS or UE
· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 
· RACH resource is obtained by UE from detected DL broadcast channels/signals
· FFS: Details on association
· Other mechanism w/o association is also considered
· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS
· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals



2	Discussion
As discussed in [4], downlink common control signal transmission methods should support: 
1)	Single-beam without repetition
2)	Single-beam with repetition
3)	Multi-beam without repetition
4)	Multi-beam with repetition
Further as described in [5], a unified discovery signaling scheme agnostic to the above BS configurations should be provided, where a discovery signal may comprise synchronization signals, physical broadcast channel and beam reference signal(s). In a multi-TRP configuration, TRPs of the cell would transmit synchronization signals and NR-PBCH in SFN manner whereas BRSs would uniquely identify beams transmitted from TRPs. Note that in single-beam DL operation, BRSs would identify sector wide beam(s) of the TRPs. 
Associating PRACH resources to BRSs is seen applicable in all the above BS operating modes. When association is configured, the detected PRACH resource would indicate BS the preferred downlink beam of the cell via the association, independent of whether or not TX/RX reciprocity is available at BS. Thus, the association between BRSs and PRACH resources should be configurable in all possible BS operating modes, so that it can be used by the BS to derive the preferred downlink beam. 
Observation 1: Independent of whether or not TX/RX reciprocity is available at BS, the association between BRSs and PRACH resources can be used by the BS together with the detected PRACH resource to derive the preferred downlink beam for a UE.
Alternatively, selection of serving downlink beam (i.e. TRP/beam selection) could be derived based on DoA estimation from the detected PRACH. In this case, no direct association would be needed. 
As illustrated in [6] 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 allow the BS to derive the preferred DL beam. 
Proposal 1: Support configuring association between BRSs and PRACH resources in all BS operating modes:
1) Single-beam DL and single-beam UL

2) Multi-beam DL and single-beam UL

3) Multi-beam DL and multi-beam UL

Proposal 2: Association configuration should also support no-association. 
When TX/RX reciprocity is available at BS, a PRACH resource in one time instant with a 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 with the preferred BS beam measured from BRSs. Multi-beam DL and multi-beam UL with TX/RX reciprocity is illustrated in Figure 1.
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[bookmark: _Ref462588380]Figure 1 PRACH transmission when TX/RX reciprocity at BS is available.
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 downlink beam. UE would transmit using the preamble belonging to the set of preambles associated to the preferred BS downlink beam measured from BRSs on all the corresponding time domain PRACH resources in order to enable UL beam detection. This has a drawback that with the same amount of time and frequency resources configured for PRACH, PRACH capacity is decreased by the factor of the number 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 the case with reciprocity. Multi-beam DL and multi-beam UL without TX/RX reciprocity is illustrated in in 2. 
· 
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Figure 2 PRACH transmission when no TX/RX reciprocity at BS is available.
Based on the above discussions the following types of association between DL beam and time domain PRACH resource are needed:
1) One-to-one for
a. Single-beam DL and single-beam UL
b. Multi-beam DL and single-beam UL (e.g. digital RX in use with hybrid transceiver at BS)
c. Multi-beam DL and multi-beam UL with TX/RX reciprocity at BS
2) One-to-many for
a. Multi-beam DL and multi-beam UL without TX/RX reciprocity at BS

Proposal 3: Support the following DL beam to time domain PRACH resource associations:
1) One-to-one for
a. Single-beam DL and single-beam UL
b. Multi-beam DL and single-beam UL (e.g. digital RX in use with hybrid transceiver at BS)
c. Multi-beam DL and multi-beam UL with TX/RX reciprocity at BS
2) One-to-many for
a. Multi-beam DL and multi-beam UL without TX/RX reciprocity at BS

PRACH resource configuration (preambles, format, time-frequency resources, etc.) and association configuration between BS beams and PRACH resources would be signalled to UE via system information signaling.
Proposal 4: System information signaling should support signaling of association configuration between BS beams (determined from periodical DL BRS) and PRACH resources. 
3	Conclusions 
In this contribution association between DL signals and PRACH resources are discussed. The following observations and proposals are drawn:
Observation 1: Independent of whether or not TX/RX reciprocity is available at BS, the association between BRSs and PRACH resources can signal preferred downlink beam.
Proposal 1: Support configuring association between BRSs and PRACH resources in all BS operating modes:
1) Single-beam DL and single-beam UL

2) Multi-beam DL and single-beam UL

3) Multi-beam DL and multi-beam UL

Proposal 2: Association configuration should also support no-association.
Proposal 3: Support the following DL beam to time domain PRACH resource associations:
1) One-to-one for
a. Single-beam DL and single-beam UL
b. Multi-beam DL and single-beam UL (e.g. digital RX in use with hybrid transceiver at BS)
c. Multi-beam DL and multi-beam UL with TX/RX reciprocity at BS
2) One-to-many for
a. Multi-beam DL and multi-beam UL without TX/RX reciprocity at BS

Proposal 4: System information signaling should support signaling of association configuration between BS beams (determined from periodical DL BRS) and PRACH resources.
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