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1 Introduction
During and after the RAN1 #90bis meeting [1], followings were agreed for PRACH format configuration, RACH resource configuration, the number of allowed RACH preambles per SS block, and mapping of SS blocks to RACH preambles in a given RACH occasion: 
Agreements:
· One PRACH format is configured for a cell
· FFS the impact BWP/SUL
· For PRACH formats based on short sequence length

· Format A and format B is considered as a package for the PRACH configuration, configures either format A/B or format C 

· If format A/B is configured, the last PRACH resource within a RACH slot uses the format B and other PRACH resources within the RACH slot uses format A 

· At least support only format B4 within a RACH slot, in the case of a single PRACH occasion within a RACH slot
· FFS Support a PRACH format taken from A0/A1/A2/A3 within a RACH slot 
· The pattern given by the PRACH Config Index repeats every RACH Configuration Period 

· The density and duration within each configuration period are FFS

· Including the possibility of in every slot

· RACH Configuration Period: 

· (working assumption) 10/20/40ms
· FFS 80ms/160ms
· FFS if the same values will be used for above and below 6GHz

· FFS the details in terms of how the pattern and configuration period are specified (e.g., via a table, via a formula, etc.)

· For TDD, RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block

· In the case that an actually transmitted SS/PBCH block overlap with a RACH resource within a RACH configuration period, define rules for which RACH resources that are still valid

· FFS: the rules (no RRC signalling involved in defining the rules)

· Also consider the DL/UL switching points

· Also consider potential impact due to semi-static DL/UL configuration and/or dynamic SFI

· Note: RAN1 strives to minimize the impact of the time location of the SS/PBCH block to the RACH configuration table design

· Bit field length of RAPID is fixed in the spec.

· (working assumption) Bit field length of RAPID is 6 bits.

· RAN1 is discussing if 8 bits should be considered for bit field length of RAPID

· FFS the impact of SUL

· FFS: How RACH occasion is conveyed to UE
· Assuming N preamble indices are available in one RACH transmission occasion:

· If only one SSB is mapped to only one RACH transmission occasion, each RACH transmission occasion has preamble index 0 to N-1

· FFS other cases

· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.

· FFS: Mapping to overlapping subsets
· For contention based RACH, support the same number of PRACH preambles for all actually transmitted SS blocks.
· FFS: Same/different number of PRACH preambles for SS blocks in CFRA.
· Support following values for the configuration of the number of PRACH preambles for CBRA per SSB:
· 4 * N (where 1 <= N <= 16)
· FFS: 0, 1, 2, 3, 5, 6, 7, 10, 14, 18, 22, 26, 30, values greater than 64
· FFS: different granularity for different number of PRACH preambles for CBRA and CFRA per SSB
· Preamble indices not used for CBRA in a RACH occasion can be reserved for CFRA as in LTE.

· Note: Consider dividing the total number of preambles per SSB into two parts: one for CBRA and the other for CFRA if the total number of preambles per SSB is configured. 
· Note: How to use preamble indices not used for CBRA in a RACH occasion is entirely up to the network.
In this document, we discuss remaining details on RACH resource configuration, configuration of initial active bandwidth part, and transmission and reception of random access response (RAR) in multi-beam operation with determination of RA-RNTI. This document is updated from R1-1718696.
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. Similar to LTE, patterns of the slots that contain PRACH resources can be pre-defined for NR, and gNB may configure one pattern semi-statically via system information.   
In NR, dynamic TDD operation, potential multiplexing of ultra-reliable low-latency communication (URLLC) services with eMBB traffics (e.g. urgent DL data arrival on a slot configured with RACH resources), and a large number of SS blocks (up to 64) for multi-beam based operation would make it difficult to predefine many uplink slots or the number of uplink symbols in a given slot, while analog beamforming at gNB potentially requires many RACH slots due to limited capability of frequency domain multiplexing of RACH resources associated with different analog beams. Accordingly, gNB may have to configure a minimal number of RACH slots to accommodate RRC_IDLE or RRC_INACTIVE mode UEs and configure additional flexible RACH slots for RRC_CONNECTED mode UEs. Further, gNB may have to indicate the actual availability of the RACH resources in the flexible RACH slots via dynamic signalling.  

For example, the connected mode UE is configured with additional RACH slots. UE assumes the RACH resources are present in the additionally configured RACH 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 additionally 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 a RACH preamble. 

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 for connected mode UEs in addition to semi-static RACH resource configuration for flexible RACH time and frequency resource allocation.
3 Initial active uplink bandwidth part (UL BWP)
To avoid redundant signalling in RMSI, the following aspects for configuration of an initial active UL BWP should be considered:

· Bandwidth: Default bandwidth of the initial active UL BWP is the minimum of the UE Tx minimum bandwidth and the minimum UL carrier bandwidth in a given frequency band.

· Frequency location: For paired spectrum, if not configured, UE assumes that the initial active UL and DL BWPs are separated by band-specific Tx-Rx frequency separation. 

· The frequency position relative to the UL EARFCN and/or UL EARFCN can be optionally signaled. 

Considering that bandwidth and frequency location of the initial active UL BWP can be determined without explicit signaling based on default values/assumptions, configuration signaling for the initial active UL BWP should be optional. 
Proposal 2: Configuration signalling for the initial active UL BWP is optional.
4 Random access response in multi-beam operation

When more than one SS blocks (or DL 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 in the RACH resource, it is not clear how the gNB transmits the RAR message.
In LTE, a PDCCH and a PDSCH associated with delivery of a RAR message are addressed by a random access-radio network temporary identifier (RA-RNTI), which is determined by the time and frequency RACH resource. Since only one RA-RNTI exists for one RACH time/frequency 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.

For example, RA-RNTI can be calculated as follows:
RA-RNTI = 1 + t_id+ N* RACH_preamble_subset_index + N*M*f_id,
where t_id is the index of the specified RACH occasion within a RACH configuration period, in ascending order of time domain (0≤ t_id < N) without counting frequency multiplexed RACH occasions, N is the maximum number of RACH occasions within one RACH configuration period without counting frequency mutliplexed RACH occasions, RACH_preamble_subset_index is the index of the specified preamble subset in a given RACH occasion (0≤ RACH_preamble_subset_index < M), M is the max number of preamble subsets within one RACH occasion, and f_id is the index of the specified RACH occasion within the specified RACH occasion time duration, in ascending order of frequency domain (0≤ f_id< K), where K is the max number of frequency multiplexed RACH occasions within one RACH occasion time duration.
Proposal 3: RA-RNTI is 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
5 Conclusion
In summary, we have the following observations and proposals for random access procedures:
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 for connected mode UEs in addition to semi-static RACH resource configuration for flexible RACH time and frequency resource allocation.
Proposal 2: Configuration signalling for the initial active UL BWP is optional.
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. 
Proposal 3: RA-RNTI is 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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