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1 Introduction
During RAN1#96 meeting, the following agreements were made for the contention based 2-step RACH procedures [1]:

Agreements:

· PUSCH occasion for 2-step RACH is defined as

· the time-frequency resource for payload transmission
· Consider the following methods for PUSCH occasion of msgA transmission:

· Opt 1: PUSCH occasions are separately configured from PRACH occasions
· For one PUSCH occasion, it is derived based on:

· Alt 1: reuse the resource allocation for NR configured grant in principle

· Alt 2: other potential configurations (e.g., reuse semi-static SFI + BWP,  reuse PRACH RO, etc.)

· FFS detailed association rule between the PRACH and PUSCH for msgA transmission

· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.

· Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.

· Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.

· Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.

· Note: The time and frequency relation is not required to be the same alternative.

· FFS detailed mapping between preamble and PUSCH resource + DMRS

Agreements:

· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA

· FFS how to indicate/configure the waveform 

· Consider the following numerology for msgA PUSCH (for possible down-selection)

· Alt 1: ​follow the numerology configured for the UL BWP

· FFS initial vs. active UL BWP

· Alt 2:  same as msgA preamble numerology at least for some cases

· E.g., when short preamble is used (L=139)
Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the options)

· Option 1: Separate ROs are configured for 2-step and 4-step RACH 

· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH
Agreements:

· The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH

· FFS beam association for PUSCH

Agreements:

· At least open loop power control for PUSCH transmission in MsgA should be supported

· FFS PC for preamble vs. PC for PUSCH

This document provides our views on 2-step RACH resource configuration, message contents, and fallback procedure including contention-resolution. This document is updated from R1-1902843.
2 Discussion

2-step RACH resource configuration
If gNB separately configures RACH occasions (i.e. time-frequency PRACH occasions) for UEs capable of 2-step RACH procedure and for UEs which cannot perform 2-step RACH procedure (i.e. legacy UEs) in a mutually exclusive manner, a PDSCH carrying a random access response (RAR) message is intended either only to legacy UEs or only to UEs capable of performing 2-step RACH procedure (assuming that Rel-15 RA-RNTI formula is used). Thus, a new format of MAC RAR for MsgB can easily be introduced. However, this restriction on PRACH resource configuration would increase RACH resource overhead and accordingly, a design approach to enable sharing of RACH occasions between 2-step RACH capable UEs and Rel-15 4-step RACH UEs is desired.  

Proposal 1: Support sharing of RACH occasions between 2-step RACH capable UEs and Rel-15 4-step RACH UEs.
Mutually exclusive preamble partitioning between 2-step RACH and 4-step RACH allows a UE to easily distinguish a legacy RACH response message from a 2-step RACH response message. One limitation of preamble partitioning is to increase the preamble collision probability and accordingly, reduce PRACH capacity. Thus, 2-step RACH design should support sharing of RACH preambles between 2-step RACH UEs and 4-step RACH UEs.

Proposal 2: Support sharing of RACH preambles between 2-step RACH UEs and 4-step RACH UEs at a given RACH occasion.
MsgA content
A payload of MsgA PUSCH should include at least C-RNTI (16 bits) for RRC_CONNECTED or RRC_INACTIVE UE and a UE contention resolution ID (48 bits) for RRC_IDLE UE, respectively. The transport block for MsgA PUSCH may further contain data of a data radio bearer for RRC_CONNECTED mode UE or control information such as buffer status report (BSR) or a power headroom report (PHR). The maximum allowed transport block size of MsgA PUSCH should be decided by taking into account the impact of timing offset observed by gNB on the PUSCH demodulation performance.
Proposal 3: Impact of timing offset observed by gNB on the PUSCH demodulation performance should be considered to determine the maximum allowed transport block size of MsgA PUSCH.
MsgB content


Assuming that RACH resources (i.e. time/frequency/preamble sequences) are shared between 2-step RACH UEs and 4-step RACH UEs, legacy Msg2(s) in 4-step RACH and MsgB(s) in 2-step RACH can be multiplexed in one PDSCH scheduled by a PDCCH with CRC scrambled by the RA-RNTI. Thus, a mechanism for UE to differentiate Msg2 and MsgB is needed. One method is to explicitly indicate a MAC RAR type (i.e. Msg2 vs MsgB), e.g. using a reserved bit in Rel-15 NR MAC RAR. For example, the reserved bit in Rel-15 MAC RAR is set to ‘1’ if the MCA RAR is for a UE performing a 2-step RACH procedure.
Observation 1: With configuring shared RACH resources for 2-step RACH UEs and 4-step RACH UEs, legacy Msg2 and MsgB can be multiplexed in one PDSCH.

Proposal 4: Support explicit indication of a RAR type (Msg2 vs MsgB). 
Contention resolution for 2-step RACH
To avoid that UEs with preamble collision perform uplink transmissions according to the UL grant indicated in MsgB, it is useful to provide HARQ-ACK feedback information of MsgA PUSCH in RAR. If the acknowledgement is indicated as MsgA PUSCH HARQ-ACK feedback (e.g. implicitly by the MAC RAR type ‘MsgB’ indication), only a UE which is able to match its identity (C-RNTI or contention resolution ID) with the identity (C-RNTI or contention resolution ID) received in a MAC RAR or an extended MAC RAR will perform uplink transmission according the UL grant indicated in MsgB. The non-acknowledgement as MsgA PUSCH HARQ-ACK feedback can be implicitly indicated by the MAC RAR type ‘Msg2’ indication. TC-RNTI is included in RAR and the UE falls back to 4-step RACH by retransmitting MsgA PUSCH (or transmitting Msg3) and receiving a PDSCH carrying a contention resolution message.
Proposal 5: HARQ-ACK feedback information of MsgA PUSCH is implicitly indicated by the MAC RAR type indication (i.e. Msg2 indicates NACK and MsgB indicates ACK). 

3 Conclusion
In summary, we propose the followings for 2-step RACH design:

Proposal 1: Support sharing of RACH occasions between 2-step RACH capable UEs and Rel-15 4-step RACH UEs.
Proposal 2: Support sharing of RACH preambles between 2-step RACH UEs and 4-step RACH UEs at a given RACH occasion.
Proposal 3: Impact of timing offset observed by gNB on the PUSCH demodulation performance should be considered to determine the maximum allowed transport block size of MsgA PUSCH. 
Observation 1: With configuring shared RACH resources for 2-step RACH UEs and 4-step RACH UEs, legacy Msg2 and MsgB can be multiplexed in one PDSCH.

Proposal 4: Support explicit indication of a RAR type (Msg2 vs MsgB). 
Proposal 5: HARQ-ACK feedback information of MsgA PUSCH is implicitly indicated by the MAC RAR type indication (i.e. Msg2 indicates NACK and MsgB indicates ACK).  
4 References
[1] “RAN1 Chairman’s Notes”, RAN1 #96, Athens, Greece, February, 2019.
1

