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1 Introduction
During the RAN1 #91 meeting [1], followings were agreed for mapping of SS/PBCH blocks to RACH preambles and PDCCH configuration signalling for UE’s Msg2 and Msg4 reception: 
Agreements:
· For ZC type RACH preamble sequence, RACH preamble indices within one RACH transmission occasion are in the order of:

· Increasing cyclic shifts of a root sequence with logical root index and then

· Increasing logical root index

· NR, at least, supports following mapping from actually transmitted SS blocks to RACH occasion/preamble index.
i. In the order of increasing preamble indices in single RACH occasion and then

ii. In the order of increasing the number of frequency multiplexed RACH occasions and then

iii. In the order of increasing the number of time multiplexed RACH occasions within a RACH slot

iv. In the order of increasing the number of RACH slots

· When multiple FDMed RACH occasions are configured, at least support one configuration where all FDMed RACH occasions get mapped to the same SSB, where different SSBs are associated with different RACH occasions in time domain

· FFS: when multiple FDMed RACH occasions are configured, support one configuration where all FDMed RACH occasions get mapped to one set of SSBs

· NR supports RMSI to indicate PDCCH configuration which gives search space configuration for RACH procedure (before RRC connection setup is complete)


In this document, we discuss remaining details on configuration of a RACH resource associated with a given SS/PBCH block and transmission and reception of random access response (RAR) in multi-beam based operation.
2 Discussion
Assume that all FDMed RACH occasions get mapped to the same SS/PBCH block (SSB) and different SSBs are associated with different RACH occasions in time domain. In TDD, some RACH slots may not be available due to DL transmission and accordingly, RACH preambles may not be available at all for some SSBs for which the RACH preambles are mapped to the unavailable RACH slots. In order to avoid the scenario that RACH resources associated with some SSBs are completely blocked, NR should support a configuration where all FDMed RACH occasions get mapped to one set of SSBs. This means that multiple SSBs may be mapped to one RACH occasion. 
Proposal 1: NR supports a configuration where all FDMed RACH occasions get mapped to one set of SSBs. This means that multiple SSBs may be mapped to one RACH occasion.
When more than one SSBs (or DL Tx beams) are associated with one RACH occasion and the gNB detects multiple RACH preambles associated with different SSBs in the RACH occasion, it is not clear how the gNB transmits the RAR message. If gNB includes all the detected preambles IDs and their MAC RAR(s) into a single MAC PDU as shown in Figure 1 (a), the gNB may need to perform multiple duplicated PDSCH transmissions for the same large RAR MAC PDU with different Tx beams in multi-beam operation. This would make the delivery of RAR less efficient in terms of resource utilization.
Observation 1: Repeating PDCCH and PDSCH transmissions for the single large RAR MAC PDU with different Tx beams in multi-beam operation would make the delivery of RAR less efficient in terms of resource utilization. 
Alternatively, as shown in Figure 1 (b), the gNB can generate three smaller size RAR MAC PDUs based on the associated SSBs. In the example of Figure 1 (b), each PDSCH carrying a different TB is beamformed with one of the three DL Tx beams associated with 3 different SSBs. UE will monitor a control resource set associated with a selected SSB in order to receive scheduling information for RAR. Further, UE can decode one of three RAR PDSCH(s) according to PDCCH received in the control resource set associated with the selected SSB. Compared to the previously discussed RAR transmission scheme, with the same number of PDCCH/PDSCH transmissions, generating and transmitting multiple smaller RAR MAC PDUs would be more resource efficient.   
Proposal 2: NR supports gNB to generate multiple smaller RAR MAC PDUs, if one RACH occasion is associated with multiple SSBs.
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Figure 1 Examples of RAR MAC PDU in multi-beam based RACH procedure
3 Conclusion
In summary, we have the following observation and proposals for random access procedures:
Proposal 1: NR supports a configuration where all FDMed RACH occasions get mapped to one set of SSBs. This means that multiple SSBs may be mapped to one RACH occasion.
Observation 1: Repeating PDCCH and PDSCH transmissions for the single large RAR MAC PDU with different Tx beams in multi-beam operation would make the delivery of RAR less efficient in terms of resource utilization. 
Proposal 2: NR supports gNB to generate multiple smaller RAR MAC PDUs, if one RACH occasion is associated with multiple SSBs. 
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