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1 Introduction
During RAN1#88bis meeting, following were agreed regarding new RAT (NR) random access channel (RACH) resource configuration, RACH preamble formats, numerology for msg. 3 transmission, and random access procedure in multi-beam operation [1]: 
Agreements:

· In NR, the RACH configuration provides at least:

· RACH time/freq. information 

· RACH preamble format
· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling
· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam
· NR supports indication of PRACH resource allocation for non-contention based random access for a UE

· FFS on how the PRACH resource is indicated for the UE

· Note: PRACH resource refers to time/frequency/code resources of the PRACH preamble
· For Zadoff-Chu sequence type, the RAN1 specifications will support two NR-PRACH sequence lengths (L) 

· L = 839: SCS = {1.25, 2.5, 5} KHz

· Select one of

· L = 63/71: SCS = {15, 30, 60, 120, 240} KHz

· L = 127/139: SCS = {7.5, 15, 30, 60, 120} KHz

· FFS: Supported sub-carrier spacings for each sequence length

· FFS for other sequence types
· Down-select one of SCS options for PRACH msg. 3 transmission 

· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the PRACH msg. 3

· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH msg. 3

· Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission 

· FFS the determination of the SCS for msg  1, 2, and 4
In this document, we discuss further details on RACH resource configuration, transmission and reception of random access response (RAR) in multi-beam operation, and the numerology during RACH procedure. 
2 RACH resource configuration 
In LTE, a UE deterministically derives a RACH preamble format and time and frequency resources for RACH preambles, according to an indicated PRACH configuration index and Table 5.7.1-2/3/4 in 3GPP TS 36.211. In NR, dynamic TDD operation and potential multiplexing of ultra-reliable low-latency communication (URLLC) services with eMBB traffics would make it difficult to predefine uplink slot or the number of uplink symbols in a slot. Accordingly, semi-static configuration of RACH time and frequency resources may not be sufficient for flexible radio resource utilization. 
In NR, UE can determine a RACH time and frequency resource and a RACH preamble format based on combination of semi-static configuration signalling and dynamic indication signalling. Semi-static RACH time and frequency resources can be cell-specifically configured, and gNB can indicate actual availability of the semi-statically configured RACH resources via downlink control information (DCI) in a RACH slot or near the RACH slot (e.g. one or two slots before the RACH slot), wherein the RACH slot includes one or more semi-statically configured common RACH resources. Considering that the number of available uplink symbols in a slot may change in a slot basis, the UE may have to adjust the RACH preamble format (e.g. the number of RACH OFDM/SC-FDMA symbols per RACH preamble, the number of RACH preambles per RACH preamble format) in each RACH slot. 

In one example, the UE is configured by higher-layers (e.g., RRC semi-static signalling) for slots with RACH resources and periodicity (in addition to other RACH configuration parameters). UE assumes the RACH resources are present in the configured slot if the UE is not configured to monitor a group common physical downlink control channel (PDCCH) in the slot or if UE is configured to monitor a group common PDCCH and does not decode a group common PDCCH in the slot. If the UE decodes the group common PDCCH in the slot, the group common PDCCH can indicate whether the higher-layer configured RACH resource in the slot can be used for RACH transmission. Additionally, the group common PDCCH can indicate a new RACH resource in a following slot that the UE should use for transmission of RACH. 
Observation 1: In NR, semi-static configuration of RACH time and frequency resources may not be sufficient for supporting dynamic TDD operation and multiplexing URLLC with eMBB traffics. 
Proposal 1: Support a dynamic RACH indication signalling in addition to semi-static RACH resource configuration for flexible RACH time and frequency resource allocation.
3 Random access response in multi-beam operation
During a random access procedure, a gNB can obtain information on the suitable downlink (DL) transmit (Tx) beams and UL receive (Rx) beams 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 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 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 2: 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 2: 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
4 Numerology during RACH procedure 

When a UE is in idle or inactive mode, using default numerology of a carrier frequency for the minimum system information broadcast and paging can simplify UE operation, and it was agreed by RAN2 [2]. When UE performs a random access procedure for RRC connection establishment, uplink synchronization upon DL/UL data arrival, or scheduling request, UE typically has data to send or receive. Thus, it may be beneficial that UE can perform RACH procedure with a preamble transmission time and bandwidth suitable for expected data traffic characteristics (or service requirements) and/or UE’s radio condition. If more than one PRACH numerology configurations are supported in a carrier supporting mixed numerology and if each RACH configuration includes subcarrier spacing at least used for msg. 2, msg.3, and msg.4 transmissions in addition to PRACH numerology, the latency from RACH procedure can be optimized for different services and UE can achieve proper uplink timing accuracy required for subsequent data communications. Furthermore, UE can implicitly indicate desired subcarrier spacing for arrived UL data by selecting a proper RACH configuration (if SR is not configured) and transmitting RACH preamble(s) according to the selected RACH configuration. In case that there is temporary scheduling restriction on certain subcarrier spacing, RAR can indicate subcarrier spacing which will be used for msg.3 and msg.4 transmissions. In contention-free RACH procedure of connected mode UEs, gNB can indicate a selected RACH configuration which includes PRACH numerology UE has to use and subcarrier spacing for msg.2, msg.3 and msg.4 transmissions. In addition, RAR can indicate subcarrier spacing which will be used for subsequent data transmissions.  
Observation 3: With multiple RACH configurations, each of which includes subcarrier spacing used for msg. 2, msg.3, and msg.4 transmissions in addition to PRACH numerology, RACH procedure related latency can be optimized for different services.
Proposal 3: NR supports more than one PRACH numerology configurations in a given carrier frequency band.
Proposal 4: A RACH configuration provides subcarrier spacing of msg.2, msg.3, and msg.4 transmissions.
5 Conclusion
In summary, we observed the followings regarding NR random access procedure:

· Observation 1: In NR, semi-static configuration of RACH time and frequency resources may not be sufficient for supporting dynamic TDD operation and multiplexing URLLC with eMBB traffics. 
· Observation 2: 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. 
· Observation 3: With multiple RACH configurations, each of which includes subcarrier spacing used for msg. 2, msg.3, and msg.4 transmissions in addition to PRACH numerology, RACH procedure related latency can be optimized for different services. 
For flexible RACH resource allocation, efficient delivery of RAR in multi-beam operation, and application-specific RACH latency optimization, we propose the following:
· Proposal 1: Support a dynamic indication signalling in addition to semi-static RACH resource configuration for flexible RACH time and frequency resource allocation.
· Proposal 2: 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. 
· Proposal 3: NR supports more than one PRACH numerology configurations in a given carrier frequency band.
· Proposal 4: A RACH configuration provides subcarrier spacing of msg.2, msg.3, and msg.4 transmissions.
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