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1	Introduction
From TR 38.802:  Study on New Radio Access Technology Physical Layer Aspect [1]:
[bookmark: _Toc476230927]8.2.1 Random access procedure
8.2.1.2 Procedure
Regardless of whether Tx/Rx beam correspondence is available or not 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. Based on the DL measurement and the corresponding association, UE selects the subset of RACH preamble indices. UE Tx beam(s) for preamble transmission(s) is selected by the UE. During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam. NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window. 
At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam. Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources and/or the subset of RACH preamble indices.
In this contribution, we discuss the agreements in the context of RAN2 Random Access design and consider potential implications of multiple beams operation on Random Access procedure.
2	Discussion
2.1 Definitions
Based on the RAN1 agreements and related discussion on initial access and mobility. In a multibeam system a downlink beam sweep is needed to provide coverage for DL synchronization signals and common control channels. To enable UEs to access the cell, similar sweep is needed for UL direction as well. To aid discussion we use following definitions [2] listed below and illustrated in the Figure 1:
PRACH Occasion = a PRACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam and for which gNB performs PRACH preamble detection.
PRACH Burst = Set of PRACH Occasions allocated consecutively in time domain
PRACH Burst Set = Set of PRACH Bursts to enable full RX sweep


[bookmark: _Ref477354242]Figure 1. RACH Occasion, RACH Burst and RACH Burst Set.
NOTE: one PRACH occasion may be used to cover the beam non-correspondence case. gNB performs RX sweep during PRACH occasion as UE TX beam alignment is fixed during single occasion.
2.2 PRACH resource partitioning
As per RAN1 agreement there can be an association between DL signal/channel and PRACH occasion and a subset of PRACH preamble resources. One PRACH occasion consists of set of preambles. In multi beam operation the gNB needs to know which beam or set of beams it can use to send Msg.2 and thus the preambles can be used to indicate that. Based on the NR progress in RAN1 so far, we could consider following partitioning and mappings for further discussion in multi beam operation:
SS-block specific PRACH preamble resources:
As per RAN1 agreement UE is able to detect SS-block based on NR-SS and differentiate SS-blocks based on the time index (how to signal it is FFS). With one-to-one mapping of beam or beams used to transmit SS-block and a specific PRACH occasion, the transmission of PRACH preamble resource could be used to indicate gNB the preferred SS-block. This way the PRACH preamble resources of single PRACH occasion would correspond to specific SS-block and mapping is done based on the SS-block index. Although in this case there would be one to one mapping between an SS-block beam and a PRACH occasion beam, there may not be such mapping for the SS-block periodicity and RACH occasion periodicity. 
Depending on the gNB capability (e.g. the used beamforming architecture) there may not be one to one mapping between single SS-block and single RACH occasion. In case beam or beams used for transmitting SS-block and receiving during RACH occasion do not correspond directly, e.g., gNB is able to form receive beams that cover multiple SS-blocks beams, the preambles of PRACH occasion may be divided between the different SS-blocks in a manner that a subset of PRACH preambles map to specific SS-block. 


Figure 2. Illustration of TDM and FDM mapping of PRACH resources
Observation 1: PRACH resources may be partitioned on SS-blocks basis in multiple beams operation
Observation 2: There may be one to one and many to one mapping between SS-blocks and PRACH occasions. 
[bookmark: _GoBack]
Beam Specific PRACH resources
With beam specific PRACH resources each gNB DL TX beam is associated with a subset of preambles.  In our view the beam specific PRACH preambles resources should be associated with DL TX beams that are identified by periodical beam and cell specific CSI-RS for L3 Mobility (same signals would be used for L2 beam management/intra-cell mobility as well). UE should be able to detect the beams without RRC configuration, i.e., reading the beam configuration from minimum SI (MIB/SIB). 
One way to define the PRACH resource mapping to specific beams would be to use SS-block association. Specific beams may be associated with the beams used for transmitting SS-block as illustrated in the figure below. In Fig.A, gNB transmits SS-block using one or multiple beams (in case of analogue/hybrid beamforming) but individual beams may not be detected. From UE perspective, this is a “single beam” transmission. In Fig.B, gNB transmit CSI-RS (for Mobility) using individual beams associated with specific SS-block. UE is able to detect individual beams based on the CSI-RS. PRACH occasion is mapped to corresponding SS-block but the set of PRACH preambles is divided between beams.   


Figure 3. Illustration of SS block and corresponding CSI-RS

Similar to mapping of multiple SS-blocks to single PRACH occasion, multiple beams of an SS-block are mapped to at least one PRACH occasion as illustrated in Figure 4.


Figure 4. Mapping beam specific preambles to PRACH occasion: 1 to 1 mapping and N to 1 mapping

2.3 Resource partitioning per SS-block vs. per beam
If a PRACH occasion is configured with N preambles and a PRACH occasion is configured to be SS-block specific, the whole set of preambles can be used to indicate the specific SS-block. In this case, there would be K PRACH occasions corresponding to K SS-blocks.
If multiple SS-blocks are mapped to single PRACH occasion, then the preambles are divided between SS-blocks and depending on the number of SS-blocks, the available preambles per SS-block is N/K (N preambles, K SS-blocks).
Similar manner if the SS-block specific preambles are divided between CSI-RS beams in the corresponding PRACH occasions, the number of available preambles per beam is determined by the  N preambles / number of beams.
If the preambles are partitioned in SS-block specific manner, the UE would be able to indicate preferred SS-block but not the preferred individual DL TX beam to gNB. 
In our view both options, i.e., mapping PRACH preamble resources to SS-blocks and/or to individual beams, should be supported in NR and the partitioning should be configurable by the network. 
UE should be able to determine the used partitioning of PRACH preambles, as much as possible, e.g. based on the PRACH configuration. 
Proposal 1: Study the impact of mapping PRACH preamble resources to SS-blocks and/or to individual beams in RAN2.

2.4 Provision of PRACH configuration 
RAN2 should also discuss whether there is a need for multiple PRACH configurations per cell. While having multiple PRACH configurations in a cell, e.g. beam/SS-block specific configurations, would provide most flexible option for associating PRACH resources, it is also expensive from signalling and mobility perspective. If UE needs to assume multiple PRACH configurations in a cell, it would need to reacquire PRACH configuration when it moves within a cell (at least in IDLE/INACTIVE) from the coverage of one beam or SS-block to another. Depending on how PRACH configuration is signalled, it may mean requirement of reading SI upon beam / SS-block change. Another aspect would be the signalling overhead in case common system information is provided in a cell. Beam / SS-block specific PRACH resources/partitioning would in practise need to be included in SIB.  

4.	Conclusions
Observation 1: RACH resources may be partitioned on SS-blocks basis in multiple beams operation
Observation 2: There may be one to one and many to one mapping between SS-blocks and RACH occasions. 
Proposal 1: Study the impact of mapping RACH preamble resources to SS-blocks and/or to individual beams in RAN2
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