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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 in RAN1#86bis were the following [3]:
	Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· Association between one or multiple occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2
· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the following could be further considered for at least UE in idle mode
· Whether or how to report DL Tx beam to gNB, e.g.,
· RACH preamble/resource
· Msg. 3
· Whether or how to indicate UL Tx beam to the UE, e.g.,
· RAR




2	Discussion
2.1	On DL TX beam signaling to gNB
Here we discuss about following open item from RAN1#86bis agreements: 
· “When Tx/Rx reciprocity is not available, the following could be further considered for at least UE in idle mode
· Whether or how to report DL Tx beam to gNB, e.g.,
· RACH preamble/resource
· Msg. 3”

NR cell may be equipped with one or multiple TRPs where each TRP may have one or multiple transceiver units. Number of TXRUs determine the upper limit for the simultaneous antenna ports and practically the number of simultaneous beams. Exemplary cell configurations are illustrated in Figure 1.
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[bookmark: _Ref465334969]Figure 1 Example cell configurations.
Two main options for mapping between downlink beams and PRACH resources are:
1) Association is between NR-SS capturing the set of gNB beams transmitted in parallel in certain NR-SS transmission time instant and PRACH resources or 
2) Association is between beam specific RSs uniquely identifying gNB beams and PRACH resources

Observation #1: Two main options for mapping between downlink beams and PRACH resources are:
1) Association is between NR-SS capturing the set of gNB beams transmitted in parallel in certain NR-SS transmission time instant and PRACH resources or 
2) [bookmark: _GoBack]Association is between beam specific RSs uniquely identifying gNB beams and PRACH resources

In the case where no TX/RX beam correspondence is available at gNB or in the case where the cell has multiple non-co-located TRPs with non-ideal interface between, option 1) would require gNB to use at least all DL beams that were used to transmit NR-SS at the time instant associated to the detected PRACH preamble. In other words, that would mean that the gNB would need to use all its TXRU resources in the subframe the RAR message is transmitted to the UE. Meaning practically that there are limited possibilities to serve other UEs in that subframe (both PDCCH and PDSCH use the TXRU resources of the cell). Thus, the PRACH preamble transmission/reception scheme should enable the gNB to determine the feasible DL beam for RAR transmission so that no DL beam sweeping is needed or that the gNB doesn’t need to use all TXRU resources of the cell for RAR transmission. 
Thus, it would be beneficial if PRACH preambles, or PRACH resources in general, would be associated to gNB DL beams of the cell so that the gNB wouldn’t need to use all TXRUs that we used for transmission of NR-SS to which the received PRACH preamble was associated for RAR transmission but only resources needed to form a relevant strong beam towards the UE. 
In addition to more efficient resource utilization at the gNB, getting preferred gNB DL (and UL) beam as early as possible would also enable fast CSI acquisition over the selected beams required for low latency data transmission capability.
In case of TX/RX beam non-correspondence at gNB, the UE would be ordered to transmit on during subset or all PRACH time resources in order to enable the gNB to determine the strongest UL beam for the UE. Given there may be tens or even hundreds of beams in total per cell, though it may not be practically feasible to divide preamble space per PRACH time instant according to individual gNB downlink beams. Thus, it may be beneficial to study some means to associate between groups of downlink beams identified by beam reference signals and PRACH resources. Hence, the gNB is able to continue its RAR transmission without the need for using all of its TXRU resources. Otherwise, had the PRACH resources been associated to all “synchronization beams” more TXRU resources would have been needed for RAR transmission.
Observation #2: In case of TX/RX beam non-correspondence at gNB it may be beneficial to study means to associate between groups of downlink beams identified by beam reference signals and PRACH resources. 
Observation #3: It should be enabled that gNB may transmit RAR without beam sweeping so that not all TXRUs are needed to be allocated for RAR transmission.
Proposal #1: Recommended DL TX beam should be preferably signaled to gNB via PRACH resource/preamble.

2.2	On PRACH resource association configurations
Example association configurations related to agreements in RAN1#86bis are illustrated in [4]:
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Figure 2 Example PRACH resource association configurations.
As illustrated in [6] hybrid transceiver architecture receiver at gNB 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 gNB to derive the preferred DL beam.
Furthermore, in single-beam DL and single-beam UL there is no direct association between DL beams and PRACH resources needed which can be seen as a non-association case. 
Given the above, it may not be fully clear whether multi-beam DL and single-beam uplink as well as single-beam DL and single-beam UL are captured by the agreements in RAN1#86bis. Thus, we propose to confirm that these are included in the current agreements (illustrated in Figure 3). It’s to be noted that PRACH preambles and frequency domain PRACH resources within the one time domain PRACH resource may be associated to DL beams to signal the preferred DL beam via preamble and frequency domain resource selection in multi-beam DL and single-beam UL case. 
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[bookmark: _Ref465357119]Figure 3 Multi-beam DL and single-beam UL, and single-beam DL and single-beam UL association configurations.

Proposal #2: Confirm that the following association configurations are included in the agreement from RAN1#86-bis:
· Multi-beam DL and single-beam UL
· Single-beam DL and single-beam UL (non-association)

3	Conclusions 
In this contribution association between DL signals and PRACH resources are discussed. The following observations and proposals are drawn:
Observation #1: Two options for mapping between downlink signals and PRACH resources are:
1) Association is between NR-SS capturing the set of gNB beams transmitted in parallel in certain NR-SS transmission time instant and PRACH resources or 
2) Association is between beam specific RSs uniquely identifying gNB beams and PRACH resources

Observation #2: In case of TX/RX beam non-correspondence at gNB it may be beneficial to study means to associate between groups of downlink beams identified by beam reference signals and PRACH resources. 
Observation #3: It should be enabled that gNB may transmit RAR without beam sweeping so that not all TXRUs are allocated to RAR transmission.
Proposal #1: Recommended DL TX beam should be preferably signaled to gNB via PRACH resource/preamble.
Proposal #2: Confirm that the following association configurations are included:
· Multi-beam DL and single-beam UL
· Single-beam DL and single-beam UL (non-association)
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