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1 Introduction
During RAN1#88 meeting, following were agreed regarding new RAT (NR) random access procedure in multi-beam operation [1]: 
Agreements:
· 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

· A preamble index consists of preamble sequence index and OCC index, if OCC is supported
· Note: a subset of preambles can be indicated by OCC indices
In this document, we discuss transmission and reception of random access response in multi-beam operation. 
2 Discussions 
During a random access procedure, a gNB can obtain information on DL transmit (Tx) beams and UL receive (Rx) beams suitable for a UE. If the gNB configures an association between DL signal/channel (e.g. SS block, physical broadcast channel (PBCH)), and a subset of random access channel (RACH) resources (i.e. time and frequency resources) and/or a subset of RACH preamble indices; and if UE selects a RACH resource and a RACH preamble based on the DL measurement and corresponding association, then the gNB can determine DL Tx beam(s) used for transmitting a random access response (RAR) message. When more than one SS blocks/Tx beams are associated with one RACH resource in order to reduce the RACH resource overhead and the gNB detects multiple RACH preambles associated with different SS blocks/Tx beams in the RACH resource, it is not clear how the gNB transmits the RAR message.
In LTE, a physical downlink control channel (PDCCH) and a physical downlink shared channel (PDSCH) associated with delivery of a RAR message are addressed by a random access-radio network temporary identifier (RA-RNTI). The RA-RNTI in LTE is determined by the time and frequency RACH resource, e.g. a function of the index of the subframe of a specified physical random access channel (PRACH) and the frequency-domain index of the specified PRACH within that subframe. Since only one RA-RNTI exists for one RACH resource, the gNB may need to repeat PDCCH and PDSCH transmissions for the same RAR message with different Tx beams in multi-beam operation. This would make the delivery of RAR less efficient in terms of resource utilization.
Observation: Repeating PDCCH and PDSCH transmissions for the same RAR message with different Tx beams in multi-beam operation would make the delivery of RAR less efficient in terms of resource utilization. 
Figure 1 illustrates examples of RAR MAC protocol data unit (PDU). When the gNB detects RACH preambles 1-5, where preamble 1 is from the RACH preamble subset 1 associated with DL Tx beam 1, preambles 2 and 3 are from the RACH preamble subset 2 associated with DL Tx beam 2, and preambles 4 and 5 are from the RACH preamble subset 3 associated with DL Tx beam 3, one way to transmit RAR is that the gNB creates one RAR MAC PDU and a corresponding transport block (TB) as shown in Figure 1 (a). Since this one TB should be delivered to the UEs each of which transmitted one of the RACH preambles 1-5 with selecting one of the DL Tx beam 1-3, it may need to be transmitted 3 times with 3 PDSCHs. Since 3 PDSCHs have the same TB size, the gNB can use a semi-persistent DL assignment for 3 PDSCH transmissions. Each PDSCH carrying the TB is beamformed with one of the three DL Tx beams (i.e. Tx beams 1-3), and can be addressed by one RA-RNTI, which is determined by the time and frequency RACH resource. Although the semi-persistent scheduling assignment can reduce DCI overhead, repeating a large single TB with multiple beams may not be desirable. Alternatively, only one PDSCH carrying the TB can be transmitted with one of beam diversity transmission schemes (e.g. beam cycling). For a given modulation and coding scheme (MCS), the decoding performance of Tx-beam diversity based PDSCH transmission may be dependent on the number of targeted spatial directions and distribution of payload bits over spatial directions.    

In another example shown in Figure 1 (b), the gNB creates three small-size RAR messages according to the associated DL Tx beams and transmits 3 PDSCHs addressed by different RA-RNTI values. Each PDSCH carrying a different TB is beamformed with one of the three DL Tx beams (i.e. Tx beams 1-3), and is addressed by an RA-RNTI determined by the time and frequency RACH resource and the index of SS block, beam, or RACH preamble subset. When detected RACH preambles are associated with the number of DL Tx beams which is larger than a certain number (e.g. 2), it may be more resource-efficient to split the MAC RARs (and corresponding MAC sub-headers carrying a preamble ID) according to the targeted DL Tx beams and transmit them in separate PDSCHs with different Tx beamforming. If the RA-RNTI is also dependent on an SS block index, a DL Tx beam index, or a RACH preamble subset index in addition to the time and frequency RACH resource, then UE can receive and decode a PDSCH carrying the MAC RAR intended to itself.
Proposal: Consider defining a new RA-RNTI determined by an SS block index, a DL Tx beam index, or a RACH preamble subset index together with the time and frequency RACH resource. 
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Figure 1 Examples of RAR MAC PDU in multi-beam RACH procedure
3 Conclusion
With the current definitions of RA-RNTI in LTE, we observed the following:

· Observation: Repeating PDCCH and PDSCH transmissions for the same RAR message with different Tx beams in multi-beam operation would make the delivery of RAR less efficient in terms of resource utilization. 
For efficient delivery of RAR in multi-beam operation, we propose the following:
· Proposal: Consider defining a new RA-RNTI determined by an SS block index, a DL Tx beam index, or a RACH preamble subset index together with the time and frequency RACH resource. 
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