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This paper discusses msgA channel structure for 2-step RACH [1].  The structure of PUSCH occasions is investigated, considering how different PUSCH occasion sizes can be supported and how multiple msgA PUSCHs can be multiplexed. Features needed to support low latency operation and operation in unlicensed spectrum are highlighted.  Finally, how the waveform for msgA PUSCH can be determined, and how the numerology is set for PUSCH and PRACH are discussed. Use cases and scenarios to target the msgA design toward are discussed in a companion paper [2].
msgA structure
One of the key requirements for msgA structure is that it supports low latency. In both licensed and unlicensed operation in NR-U, this is enabled by minimizing the duration of PRACH and PUSCH components of msgA. However, for NR-U, one of the main benefits of the 2-step RACH is the reduced need of listen-before-talk (LBT) operations compared to the 4-step RA procedure. In case msgA would need two LBTs, much of the benefit of the 2-step RACH would disappear. Therefore, it is of vital importance that msgA can be transmitted using only one LBT, i.e. that there is no gap between PRACH and PUSCH longer than 16 µs.
Observations:
· For both licensed and unlicensed operation, msgA configurations should support transmission in as few symbols as possible to meet the lowest latency requirements.
· For NR-U, it is important that MsgA can be transmitted using only one LBT, and therefore that there are no gaps within msgA longer than 16µs.
PUSCH time domain structure
In RAN1#96, agreement on a basic definition of PUSCH occasion structure was reached:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission associated with a PRACH preamble in msgA
In order to understand how to configure PUSCH occasions, some further refinement of PUSCH occasion structure seems needed. The design can be motivated by the following observations:
· In contention-based operation, a UE will randomly select some msgA resources, and so it is necessary to define multiple PUSCH occasions that the UE is aware of so it can do the selection. These resources will need to be within some limited number of symbols or slots, in order to limit the latency of the 2-step RACH procedure. This region in time that contains multiple PUSCH occasions might be termed a ‘msgA PUSCH slot’.
· In order to improve spectral efficiency and to allow different payload sizes, it is desirable to allow the PUSCH occasions to have different sizes.  
· Since it is more efficient from a channel estimation perspective as well as desirable for low UE PAPR each PUSCH occasion should occupy a contiguous set of subcarriers and OFDM symbols.
· Spectral efficiency can be further improved through MU-MIMO techniques, where PUSCHs colliding within a PUSCH occasion have different DMRS.  The DMRS enable the gNB to form channel estimates for each of the interfering PUSCH, which then allows an MMSE-IRC receiver in sufficiently good radio conditions to successfully decode all the PUSCHs.  
The use of multiple msgA PUSCHs in a PUSCH occasion is illustrated in Figure 4 below.  A msgA PUSCH slot starting at time and frequency at t0 and f0 is shown. Here, a PUSCH occasion can have one of 4 sizes, identified by K=1, K=2, K=4, or K=8.  Each PUSCH occasion is identified by its index ‘n’.  PUSCH occasions are ordered by frequency in this example for simplicity; PUSCH multiplexing can naturally be extended to both time and frequency.  MU-MIMO is illustrated using the two rows of N=8 PUSCH occasions with size K=1, each numbered from n=0 to n=7, where the rows corresponding to msgA PUSCH DMRS ports p=0 and p=1, respectively.  This doubles the potential number of size K=1 msgA PUSCH that can be can be multiplexed in the msgA slot to 16.  (Note: while not labeled with different values of p, each PUSCH occasion in the remaining rows in the figure with K=2, 4, or 8 can also contain 2 msgA PUSCHs.)


Figure 1

Proposal:
· A set of resources containing multiple PUSCH occasions is defined (a ‘msgA PUSCH slot’), where:
· A msgA PUSCH slot occurs periodically and has a known length in symbols
· Each PUSCH occasion occupies a contiguous set of subcarriers and symbols
· The PUSCH occasions can have different sizes, and a given PRB can contain PUSCH occasions with different sizes.
· PUSCHs in the same PUSCH occasion can have different DMRS
It is possible that PUSCH occasions could have a different MCS, number of occupied PRBs, use a different PUSCH scrambling ID, as well as different DMRS ports or DMRS scrambling IDs.  In order to simplify gNB receiver complexity, PRACH preamble could convey any or all of these PUSCH parameters.  However, especially given that PRACH is already reserved in Rel-15 for a wide variety of uses, it is desirable to minimize the number of parameters that PRACH preamble conveys.  The gNB must at least know the time-frequency resource containing the msgA PUSCH, and so must at least determine the PUSCH occasion that corresponds to the preamble from the preamble ID.
There may be many more PRACH preambles than PUSCH occasions, and so the number of PUSCH occasions may be the limiting factor on how many collision-free msgA transmissions are possible in a given slot.  If a PUSCH occasion occupies a slot with say 2 PRBs, then a 10 MHz carrier with 15 kHz subcarrier spacing carrier could only have 25 PUSCH occasions per slot, compared to PRACH which can have 64 preambles even for formats less than one slot. Therefore if msgA resources are selected according to PUSCH occasion, substantially fewer PRACH preambles could be needed than if msgA resources were selected according to the maximum number of available PRACH preambles.
Observations:
· It is desirable to minimize the number of parameters conveyed by PRACH resources
· Designs for PUSCH occasions could potentially have many different PUSCH configurations
· PUSCH occasions could have a different MCS, number of occupied PRBs, use a different PUSCH scrambling ID, as well as different DMRS ports or DMRS scrambling IDs, etc.
· The gNB must at least be able to identify the msgA PUSCH time frequency resources, hence the PUSCH occasion, via the preamble ID.
· There are generally many more PRACH preambles available than PUSCH occasions in a given amount of time-frequency resource.

Proposal
· The maximum number of preambles is set according to the number of PUSCH occasions.
· Strive to minimize the number of preambles associated with the PUSCH occasions
· Further study the need for additional PUSCH parameters conveyed by the preamble
PUSCH waveform
In RAN1 #96, below agreements were made on the waveform of the msgA.
Agreements:
· Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 
For the signaling of the waveform, in NR release 15, msg3-transformPrecoder was included in RACH-ConfigCommon IE to signal the waveform used for msg3 in 3GPP TS 38.331 V15.4.0. So, similarly, a msgA-transformPrecoder can be included in the same IE to indicate the waveform of the msgA PUSCH for 2-step RA.
Proposal: 
· Signal whether transform precoding is enabled for msgA PUSCH in system information.
PUSCH and PRACH numerology 
In RAN1 #96, below agreements were met to address the numerology of the msgA.
Agreements:
· 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)
From a gNB perspective, allowing the PUSCH and PRACH numerologies to be the same or different enables PRACH and PUSCH resource allocation flexibility to be traded off for reception complexity. As long as the signalling overhead is minimal (i.e. no more than a few bits carried in SIB1), maintaining this flexibility that is already available in Rel-15 seems reasonable. 
For the preamble of msgA, if the preambles are shared between 2-step and 4-step RA or they are in the same RACH occasion, they will need to have the same numerology to both occupy the RACH occasion. 
For the msgA PUSCH part, keeping the same numerology as the numerology configured for the whole BWP which is also used for msg3 in 4-step RA, alternative 1 is preferred, as mixed numerologies on a BWP seems unnecessarily complex. 

Proposal:
· For the preamble part of msgA, if the preambles are in the same RACH occasion, the numerology of 4-step RA preambles is the same as that of the 2-step RA preambles. 
· Support alternative 1: the numerology of msgA should be the same as the numerology configured for the UL BWP.
Conclusion
In this contribution, we investigated the structure of PUSCH occasions, considering how different PUSCH occasion sizes can be supported and how multiple msgA PUSCHs can be multiplexed. We highlighted features needed to support low latency operation and operation in unlicensed spectrum and discussed the waveform for msgA PUSCH and the numerology set for PUSCH and PRACH. We drew the observations below, leading to the following proposals. 
Observations:
· For both licensed and unlicensed operation, msgA configurations should support transmission in as few symbols as possible to meet the lowest latency requirements.
· For NR-U, it is important that MsgA can be transmitted using only one LBT, and therefore that there are no gaps within msgA longer than 16µs.
· It is desirable to minimize the number of parameters conveyed by PRACH resources
· Designs for PUSCH occasions could potentially have many different PUSCH configurations
· PUSCH occasions could have a different MCS, number of occupied PRBs, use a different PUSCH scrambling ID, as well as different DMRS ports or DMRS scrambling IDs, etc.
· The gNB must at least be able to identify the msgA PUSCH time frequency resources, hence the PUSCH occasion, via the preamble ID.
· There are generally many more PRACH preambles available than PUSCH occasions in a given amount of time-frequency resource.

 Proposals:
· A set of resources containing multiple PUSCH occasions is defined (a ‘msgA PUSCH slot’), where:
· A msgA PUSCH slot occurs periodically and has a known length in symbols
· Each PUSCH occasion occupies a contiguous set of subcarriers and symbols
· The PUSCH occasions can have different sizes, and a given PRB can contain PUSCH occasions with different sizes.
· PUSCHs in the same PUSCH occasion can have different DMRS
· The maximum number of preambles is set according to the number of PUSCH occasions.
· Strive to minimize the number of preambles associated with the PUSCH occasions
· Further study the need for additional PUSCH parameters conveyed by the preamble
· Signal whether transform precoding is enabled for msgA PUSCH in system information.
· For the preamble part of msgA, if the preambles are in the same RACH occasion, the numerology of 4-step RA preambles is the same as that of the 2-step RA preambles. 
· Support alternative 1: the numerology of msgA should be the same as the numerology configured for the UL BWP.
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