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1. Introduction
In RAN#82 a new work item on “2-step RACH for NR” was agreed [1]. 2-step RACH has also been considered during the study item phase on NR-based access to unlicensed spectrum [2]. In this contribution, we discuss the channel structure for 2-step RACH. The scope of the channel structure for 2-step RACH is presented as follows:
Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
In last RAN1 meeting, following agreements had been achieved:
	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
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2.1 MCS and time-frequency resource size for PUSCH occasion
For the modulation scheme of PUSCH in msgA, one way is to use QPSK only. Alternatively, the modulation scheme can be configured to be 16QAM or 64QAM by broadcast signaling or UE specific higher signaling. Higher modulation may be useful for contention free random access or the case with limited UL resource and/or higher SNR. From our perspective, the modulation scheme of PUSCH could be configured as a single modulation scheme, such as QPSK, at least for the configuration by the broadcast signaling. It allows lower computation complexity of multi-user detection and minimizes the spec impacts. 
To determine the time-frequency size of PUSCH occasion, the payload size of msgA needs to be studied firstly. We consider that msgA shall at least include the information in msg3 (for 4-step RACH), which is 56 or 72 bits. Thus the two sizes should be taken as the starting point for evaluation and design. Expanding the payload size could be further introduced if necessity is verified in particular scenarios.
Once the payload size is fixed, an appropriate resource size can be determined with a targeting BLER and a given received power at the BS. In Figure 1, we evaluate the BLER performance of PUSCH transmission. Evaluation assumptions are listed in Appendix. It is approximately MCS#3 (Table 5.1.3.1-3 of 38.213) for 56 bits and MCS#4 for 72 bits under the allocation of 4 PRBs in frequency domain. The required SINR to achieve 1% BLER is -6.2dB for 56bits and -5.7dB for 72bits, respectively. To compensate the SINR gap caused by the payload size, we consider that a power offset can be added when UE determines to send msgA PUSCH of 72bits. 
[image: ]
Figure 1 BLER performance of PUSCH transmission
The granularity of PUSCH resource can be symbol-level in the time domain and RB-level in the frequency domain. 
Proposal 1: The modulation scheme of msgA PUSCH is configured as one modulation scheme, such as QPSK, at least for the idle or inactive state, when the payload size of PUSCH takes 56 bits or 72bits.
Proposal 2: Introduce a power offset when UE sending msgA PUSCH with the larger payload size such as 72bits compared with 56 bits.
2.2 Configuration method for PUSCH occasion of msgA
In last RAN1 meeting, two methods had been proposed for configuring PUSCH occasion of msgA. In our consideration, option 2 would be a better choice. In practical deployment, it is more likely for gNB to schedule the PUSCH occasion close to the associated PRACH occasion, e.g., a few symbols after the PRACH occasion to restrict the whole latency, or a number of PRBs adjacent to PRACH occasion to enable the UE use same transmission beam. Indicating a relative location as option 2 would consume less signaling overhead. Moreover, the association between PUSCH and PRACH is already implicitly indicated via the relative location. There is no need to introduce an additional signaling to indicate the association as option 1 does.
Proposal 3: Support option 2 (i.e., relative location with respect to associated PRACH occasion) as the configuration method for PUSCH occasion.
If option 2 is supported, a further issue is which alternative should be adopted. Obviously, semi-static configuration in Alt.4 could realize more flexibility on resource scheduling than fixed value, but it still may bring signaling overhead since each PRACH occasion would be configured with a relative location. The time domain resource of PRACH occasions is configured by the higher-layer parameter prach-ConfigurationIndex (according to Table 6.3.3.2-2 to 6.3.3.2-4 in TS38.211). Further, we can enable a co-design on the resource location of PUSCH occasion and PRACH occasion. Given this co-design, a set of fixed values on relative locations could be determined and fixed in specification. Once a UE obtains the prach-ConfigurationIndex, the UE finds the corresponding relative locations of PUSCH occasions from PRACH occasions.
2.3 Mapping between the preamble and DMRS
In release 15 NR, up to 64 preambles could be mapped to a single PRACH occasion. To further reduce the collision of PUSCH transmission, multiple orthogonal DMRS ports should be supported for msgA PUSCH. Users choosing different preambles could apply different DMRS ports on the same PUSCH occasion. An implicit way is to define a mapping relation between preamble and DMRS port applied. A simple example is illustrated in Figure 2. 8 preambles are mapped to a single PUSCH occasion. Within the PUSCH occasion, there are totally 8 orthogonal DMRS ports and thus each port is associated with a single preamble index. If a UE chooses preamble #4 in msgA, it shall send its PUSCH using DMRS port #4. Note that a number of symbol(s) can be reserved in the end of PUSCH occasion as the guard period to protect other normal UL transmission.
In our understanding, the performance of the mapping scheme with multiple DMRS ports on single time-frequency resource depends on multiple factors, including payload size of msgA, PUSCH resource size, and the distribution of overlapped users’ number etc. From the NOMA SI [3] and the experience of MU-MIMO, we see that if the overlapped user# and the code rate of each user are low, similar BLER performance can be achieved. 

   
Figure 2 Mapping between the preamble and PUSCH resource + DMRS port
2.4 Frequency hopping of PUSCH transmission
Similar to the transmission of msg3, frequency hopping could also be supported for msgA PUSCH. This can be enabled via RACH configuration or be mandatory in specification. A direct method is to define a frequency offset for the PUSCH occasion. 


Figure 3 Illustration of frequency hopping for msgA PUSCH
Proposal 4: Support frequency hopping for transmission of msgA PUSCH.
3. Conclusion
In this contribution, we discussed the channel structure for 2-step RACH. The following proposals are given:
Proposal 1: The modulation scheme of msgA PUSCH is configured as one modulation scheme, such as QPSK, at least for the idle or inactive state, when the payload size of PUSCH takes 56 bits or 72bits.
Proposal 2: Introduce a power offset when UE sending msgA PUSCH with the larger payload size such as 72bits compared with 56 bits.
Proposal 3: Support option 2 (i.e., relative location with respect to associated PRACH occasion) as the configuration method for PUSCH occasion.
Proposal 4: Support frequency hopping for transmission of msgA PUSCH.
Appendix
The LLS assumptions are listed in following table:
Table 1: Link-level evaluation assumptions
	Parameters
	Values

	Carrier
	4GHz

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	30kHz

	TBS
	56/72 bits

	MCS and Resource size
	Time domain: 14 symbols
Frequency domain: 3/4 PRBs
DMRS type: configuration type 1
DMRS overhead: 2OS front-loaded + 2OS additional

	Number of UEs
	1

	UE antenna configuration
	1Tx

	gNB antenna configuration
	4Rx

	Propagation channel & UE velocity
	TDL-C 300ns, 3km/h

	Channel estimation
	MMSE
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