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1. Introduction
In last RAN1 meeting, following agreements had been achieved:
	Agreements:
· One or more PUSCH occasion(s) within an msgA PUSCH configuration period are configured.
· FFS msgA PUSCH configuration period, e.g. 
· For opt. 1 with separate PUSCH configuration, msgA PUSCH configuration period may or may not be the same as PRACH configuration period
· For opt. 2 PUSCH configuration with relative location, msgA PUSCH configuration period is the PRACH configuration period
Agreements:
· PUSCH resource unit for 2-step RACH is defined as
· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence 
· The DMRS sequence generation mechanism should follow Rel.15.
Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis

Agreements:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported


2. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Channel structure of msgA
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 msgA PUSCH
In last RAN1 meeting, msgA PUSCH configuration period had been discussed. Actually, this discussion highly relates to the configuration methods of PUSCH occasion of msgA. In our consideration, option 2 (i.e., relative location with respect to associated RO) would be a better choice for configuring PUSCH occasion. In practical deployment, it is more likely for gNB to schedule the PUSCH occasion close to the associated RACH occasion to restrict the whole transmission latency, e.g., a few symbols after the RACH occasion or the slot next to the RACH slot. Indicating a relative location as option 2 would consume less signaling overhead. Moreover, the association between PUSCH occasion and RACH occasion could be implicitly indicated via the relative configuration. 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 RACH occasion) as the configuration method for PUSCH occasion of msgA.
Under option 2, several alternatives have been proposed. Obviously, enabling configurability as Alt3 and Alt.4 could realize more flexibility on resource scheduling than fixing value in Alt.1 and Alt.2, but it still may induce signaling overhead since each RACH occasion would be configured with a relative location. Considering that, the time domain pattern of RACH occasions is already given by the higher-layer parameter prach-ConfigurationIndex (according to Table 6.3.3.2-2 to 6.3.3.2-4 in TS38.211)，we can further have a co-design on the resource location of PUSCH occasion and RACH occasion. Given this co-design, a set of fixed values on relative locations could be determined and fixed in specification, which is similar to the design of SSB and associated CORESET#0. Once a UE obtains the prach-ConfigurationIndex, the UE finds the corresponding relative locations of PUSCH occasions from RACH occasions. A simple illustration of relative locations is shown in Figure 2. We present 3 different PRACH configurations with 2 long preamble formats and 1 short preamble format.
From our perspective, each RO is associated with a single PO at least for RRC-INACTIVE/IDLE UEs since the modulation order and payload are possibly to be fixed. For RRC-CONNECTED UEs, it may depend on the discussion on whether to support multiple MCS/payload of msgA PUSCH. Within each pair of RO and PO, the association between preambles and PUSCH resource unit can be implicitly determined based the number of preambles configured in the RO and number of DMRS port/DMRS sequence configured in the PO.


Figure 3 Illustrative example of co-design on relative location of RO and PO
2.3 Frequency hopping of msgA PUSCH
In R15, the frequency hopping is supported for the transmission of msg3. Whether to enable frequency hopping is indicated by RAR in msg2. Similar to msg3, frequency hopping could also be supported for msgA PUSCH. This can be enabled via RACH configuration or be mandatory in specification. We consider it would be better to keep the configurability since the performance of frequency hopping may depend on the time-frequency resource of PUSCH occasion.
We evaluate the BLER performance for three cases based on the LLS assumptions agreed in previous RAN1 meetings. The first case is a slot-length transmission with only front-loaded DMRS and without frequency hopping. The second case is a slot-length transmission with frequency hopping. In case of enabling frequency hopping, the DMRS overhead for each hop is same as case a, thus the effective coding rate would increase. The third case doubles the frequency domain allocation but with a half-slot length in time domain. The results are shown in Figure 4. We can observe that, for slot-length PUSCH transmission, frequency hopping can provide a better BLER performance in SNR region higher than -4dB with 2-PRB and -5.3dB with 3-PRB, respectively. Comparing case b and c, they achieve similar BLER performance under 3-PRB (i.e., 6-PRB for case c), but case b outperforms under 2-PRB within SNR region higher than -4dB.

 
Figure 3 Illustration of frequency hopping for msgA PUSCH
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Figure 4 Comparison of BLER between frequency hopping disabled and enabled
Proposal 4: Frequency hopping is configurable 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 RACH occasion) as the configuration method for PUSCH occasion of msgA.
Proposal 4: Frequency hopping is configurable 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
	72 bits

	MCS and Resource size
	Time domain: 14 symbols
Frequency domain: [2 3] PRBs

	DMRS Configuration
	DMRS type: configuration type 1

	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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