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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 #96 meeting, following agreements were made regarding channel structure of msgA [1]. In this contribution, we will discuss the channel structure for 2-step RACH, such as the configuration for msgA transmission, mapping between PRACH and PUSCH, numerology and waveform of msgA PUSCH. In addition, we provide evaluation results on 2-step RACH and views on the payload size of msgA.
	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)




2. [bookmark: OLE_LINK6]Discussion on channel structure of msgA
2.1. [bookmark: OLE_LINK21]Configuration of PUSCH occasion
There are two options proposed in RAN1 #96 meeting regarding the configuration of PUSCH occasion. In fact, both options can work for 2-step RACH. For option 1, configuration of PUSCH occasion is separate from the PRACH resource configuration. It is flexible to configure PUSCH occasion independently from PRACH, since PUSCH may have different time duration or frequency band from those of PRACH. Besides, option 1 has forward compatibility such that it can be used for small cell, unlicensed band or RACH-less handover cases where only payload of msgA is transmitted in msgA. If deemed necessary, association rules for PRACH and PUSCH of msgA  could be further defined based on the configured PUSCH occasions and PUSCH resources.
For option 2, the association between PRACH and PUSCH is determined based on the configuration of PUSCH occasion. It is simple for determination of PUSCH resource for msgA transmission. However, there would be much specification effort to introduce such configuration mechanism in SIB. Besides, it is difficult to support forward compatible application in e.g. unlicensed band or RACH-less handover cases where only payload of msgA is transmitted in msgA.
Proposal 1: For PUSCH occasion of msgA transmission, option 1 is preferred, i.e. PUSCH occasions are separately configured from PRACH occasions.

Design of option 1:
[bookmark: OLE_LINK17]For PUSCH occasion, it can be configured by signaling similar to type 1 UL configured grant, which includes the time and frequency domain resources, periodicity, MCS, etc. UE derives the PUSCH occasions within each period according to the configuration. In a period, one or multiple PUSCH occasions in time or frequency domain can be configured, which can potentially increase the transmission attempts for PUSCH and reduce the latency. An example is shown in the figure, where there are 2 transmission occasions within a period and for a transmission occasion there are 4 FDMed PUSCH occasions. The number of PUSCH occasions in time and frequency domain is configurable.


Figure 1: Example of configuration of PUSCH occasion for msgA transmission.

An alternative is to configure PUSCH occasion using the mechanism of PRACH configuration. A PUSCH configuration index is configured by gNB, which indicates an entry of the PUSCH configurations table. Each entry includes time domain resources for the PUSCH occasions for a given PUSCH configuration. PUSCH of msgA can only be transmitted in the time resources indicated by the configuration index given by gNB. The frequency domain resource and number of FDMed PUSCH occasions can be configured by higher layer. The FDMed PUSCH occasions are numbered in increasing order within the bandwidth, starting from the lowest frequency. 

Proposal 2: For configuration of PUSCH occasion of msgA transmission, 
· Either mechanism of UL configured grant or PRACH configuration can be adopted.
· One or multiple PUSCH occasions in time or frequency domain can be configured.


2.2. Mapping of PUSCH and PRACH
In 4-step RACH, a PRACH transmission is associated with a certain SSB. The association between SSB and PRACH occasion/preamble is determined based on the configuration given by higher layer.
For 2-step RACH, a PUSCH transmission needs to be associated with a certain SSB. Similarly, PUSCH occasion can be associated with SSB. The association between SSB and PUSCH occasion is given by higher layer, e.g. N SSB is associated with a PUSCH occasion, as shown in the figure.
Proposal 3: Support association between PUSCH occasion and SSB.

In a PUSCH occasion, multiple DMRS configurations/parameters can be adopted for multi-use multiplexing. For example,  up to 12 orthogonal DMRS ports and one or multiple scrambling IDs per DMRS port can be configured for a PUSCH occasion. To be generic, “PUSCH resource unit” is defined for a PUSCH occasion, which denotes the minimum granularity for UE differentiation. E.g. if only orthogonal DMRS is used, PUSCH resource unit is defined by DMRS port. If quasi-orthogonal DMRS is used, PUSCH resource unit is defined by DMRS port and DMRS scrambling ID. Depending on the load of cell and the amount of resources, either orthogonal DMRS or quasi-orthogonal DMRS for PUSCH resource unit can be configurable.
[bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK15]The PUSCH resource units of a PUSCH occasion can be associated with the SSBs corresponding to the PUSCH occasion. When associating the PUSCH resource units of PUSCH occasion with SSBs, an interlace mapping can be adopted, where the adjacent PUSCH resource units are mapped to two different SSBs. The interlaced interval L for PUSCH resource units can be configurable. In result, multiple UEs from different beams can be multiplexed on a PUSCH occasion. It is beneficial with reduction of access latency and increasing capacity of PUSCH. An example is shown in the figure. 4 SSBs are associated with PUSCH occasion 0 which includes 8 orthogonal DMRS ports. The DMRS ports of PUSCH occasion 0 are associated with the 4 SSBs (SSB #0~#3) in an interlaced manner with L = 4, e.g. DMRS 0 is mapped to SSB #0 while DMRS 1 is mapped to SSB #1. 


[bookmark: OLE_LINK20][bookmark: OLE_LINK22]Figure 2: Example of mapping between SSB and PUSCH resource units on PUSCH occasion

It was agreed that in RAN1 #96 the beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH. According to this, the PRACH occasion and preambles for 2-step RACH will be associated with a given SSB. As discussed above, SSBs are associated with PUSCH occasion and PUSCH resource units. Therefore, it is natural that PUSCH occasion and PUSCH resource units can be associated with preambles through SSB, e.g. there is association between PUSCH resource units and preambles where both the PUSCH resource units and preambles are associated with the same SSB. From gNB perspective, one-to-one mapping between preamble and PUSCH can reduce detection effort for msgA. 
Proposal 4: For a PUSCH occasion, the PUSCH resource units can be associated with different SSBs.
Proposal 5: Support one-to-one mapping between PUSCH resource units and preambles where both the PUSCH resource units and preambles are associated with a given SSB.

For msgA transmission, association rule for PUSCH resource units and preamble can be further defined. Within an association period, the SSBs can be divided into several groups explicitly or implicitly. All the preambles of a SSB group are one-to-one mapped to PUSCH resource units of PUSCH occasion accordingly. After that preambles of next SSB group will be mapped. For a preamble, it is numbered by (s, r, p), where s denotes the associated SSB index, r denotes the corresponding RO index, and p denotes the preamble index. For a PUSCH resource unit, it is numbered by (l, k), where l denotes the PUSCH occasion index and k denotes the PUSCH resource unit index within a PUSCH occasion. 
The preambles of a given SSB of a SSB group are mapped to PUSCH resource units according the following order.
· [bookmark: OLE_LINK12]First, in increase order of PUSCH resource units within a set of PUSCH occasions, with interlaced interval for PUSCH resource units = L (L>=1)
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions
An example is shown in the figure. 4 SSBs are associated with a PUSCH occasion, where each SSB is associated with 4 preambles. In this example, the 4 SSBs are mapped to a PRACH occasion, RO 0, thus preambles for each SSB are indexed accordingly. There are 8 orthogonal DMRS ports within a PUSCH occasion, where DMRS denotes the PUSCH resource unit in this case. The interlaced interval for PUSCH resource unit L is assumed as 4. For preambles of SSB #0, preamble (0, 0, 0) is mapped to DMRS (0, 0), preamble (0, 0, 1) is mapped to DMRS (0, 4), preamble (0, 0, 2) is mapped to DMRS (1, 0), and preamble (0, 0, 3) is mapped to DMRS (1, 4).



Figure 3: Example of mapping between preamble of SSB and PUSCH resource units on PUSCH occasion

Proposal 6: Define association rule for one-to-one mapping between PUSCH resource units and preambles corresponding to a given SSB.
· The preambles of a given SSB of a SSB group are mapped to PUSCH resource units according the following order.
· First, in increase order of PUSCH resource units within a set of PUSCH occasion, with interlaced interval for PUSCH resource units = L (L>=1)
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions

Above all, the PUSCH resource units on PUSCH occasions are mapped to SSBs and their corresponding preambles. The association between PUSCH resource units and PRACH preambles is built based on SSB. In this case, PUSCH occasion and its corresponding PUSCH resource units have direct beam association with SSB. It is beneficial for 2-step RACH application not only in case the typical cell deployment, but also in case of small cell where TA acquisition is not needed. E.g. when in small cell, in unlicensed spectrum or during a RACH-less handover, PRACH preamble would not be needed and only payload of msgA will be transmitted. From UE’s perspective, no PRACH transmission in msgA can save power consumption. In such cases, it is necessary to define association between SSB and PUSCH occasion and PUSCH resource units. 
An example is given in figure. 4 SSBs are associated with PUSCH occasion 0 which includes 8 orthogonal DMRS ports. The DMRS ports of PUSCH occasion 0 are associated with the 4 SSBs (SSB #0~#3) in an interlaced manner with L = 4, e.g. DMRS 0 is mapped to SSB #0 while DMRS 1 is mapped to SSB #1. UE determines its best beam among the received SSBs. According to the association between SSB and PUSCH resource units, UE transmits its PUSCH of msgA using the DMRS corresponding to the SSB with the best beam on a PUSCH occasion. E.g. UE1 selects the best beam of SSB #0 and transmits PUSCH of msgA using DMRS 0 on PUSCH occasion 0, where DMRS 0 of PUSCH occasion is associated with SSB #0. While for UE2, the best beam corresponds to SSB #1 such that UE2 transmits PUSCH of msgA using DMRS 1 associated with SSB #1. If multiple UEs with different Rx beams simultaneously are transmitting msgA, they will be multiplexed on a PUSCH occasion with orthogonal DMRSs corresponding to different beams.
Although we focus currently on the typical case for 2-step RACH, forward compatibility for 2-step RACH design should be taken into account. Network can configure whether to associate preamble and PUSCH resource units depending on the use cases. 
Proposal 7: Forward compatibility should be taken into account for design of 2-step RACH.

 
Figure 4: Example of mapping different SSBs to PUSCH resource units on a PUSCH occasion


2.3. TA for PUSCH of msgA
In legacy 4-step RACH, a UE transmits PRACH assuming TA is zero. There are CP and GT in PRACH to ensure the preamble detection at gNB side. Once gNB detects the preamble, gNB can estimate the TA for the UE transmitting preamble and provide the TA command in the RAR, i.e. msg2. UE will transmit msg3 PUSCH after UE obtains the RAR including TA from gNB. Unlike msg3 transmission, UE in 2-step RACH may has no TA information for msgA PUSCH transmission. Therefore, for msgA transmission of 2-step RACH, it is necessary to address the TA for PUSCH of msgA. There are following options for TA assumption. 
· Opt-1: TA is always =0 for PRACH and PUSCH, regardless idle/inactive/connected state
· Opt-2: TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for PRACH and PUSCH in connected state
In 4-step RACH, TA = 0 is assumed for msg1 PRACH transmission. It is straightforward that TA = 0 is used for PUSCH of msgA, since UE may not achieve synchronization, especially when UE starts 2-step RACH from RRC IDLE/INACTIVE states. While in RRC connected state, UE may already have a valid TA. Therefore, the valid TA can be used for PUSCH of msgA. However, if different TA is assumed for PRACH and PUSCH of msgA, there may be an issue when PRACH and PUSCH is close to each other in time. In such case, there may be overlapping between PRACH and PUSCH. To avoid the overlapping, larger gap between PRACH and PUSCH which may increase latency. In fact, the valid TA can also be applied for PRACH. In the following, we analyze these two options assuming a normal cell with potentially non-zero TA.
Table 1: Analysis of TA (assuming normal cell size, i.e. TA is not zero)
	Case
	UE
	RRC state
	Option 1
	Option 2

	Case1
	UE1(center UE)
	Idle
	· Timing offset between preamble is covered by CP of PRACH;
· Timing offset between PUSCH may be covered by CP of PUSCH if it is within CP; otherwise gNB can estimate TA by the detected preamble before decoding PUSCH
	Same as option 1

	
	UE2(edge UE)
	Idle
	
	

	Case2
	UE1(center UE)
	Idle
	
	There is no TO between PRACHs and no TO between PUSCHs, due to the adopted available TA for PRACH and PUSCH for UE2

	
	UE2(edge UE)
	connected
	
	

	Case3
	UE1(center UE)
	connected
	
	Same as option 1

	
	UE2(edge UE)
	Idle
	
	

	Case4
	UE1(center UE)
	connected
	
	There is no TO between PRACHs and no TO between PUSCHs, due to the adopted available TA for PRACH and PUSCH for UE1/UE2

	
	UE2(edge UE)
	connected
	
	



Proposal 8:  The same TA is applied for PRACH and PUSCH of msgA for 2-step RACH.
· For TA = 0 is adopted if no valid TA; otherwise, TA = the valid TA value.

2.4. Numerology of PUSCH
In RAN1 #96 meeting, following options were agreed for determination of numerology of PUSCH for msgA. 
· 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 UE’s perspective, it is beneficial that PRACH and PUSCH for msgA have the same numerology. It is beneficial from reducing processing time for transmission of msgA including PRACH and PUSCH. Therefore, at least for some cases like short preamble sequences, there is the same numerology for both PRACH and PUSCH for msgA. Whether to have the same numerology of PUSCH can be determined according to the configuration given by higher layer. If it is enabled, same numerology is applied for PRACH and PUSCH of msgA; otherwise, numerology configured for the initial UL BWP will be adopted for PUSCH of msgA.
Proposal 9:  Support alt 2 for determination of numerology of PUSCH for msgA, i.e. same as msgA preamble numerology at least when short preamble is used..

2.5. [bookmark: OLE_LINK4]PUSCH scrambling ID
For 2-step RACH, UE needs to obtain the following scrambling ID for PUSCH transmission of msgA. 


The determination of scrambling ID for PUSCH of msgA should take into account the processing latency, usage in unlicensed spectrum and inter-cell/inter-UE interference.
In case of unlicensed spectrum, UE needs to perform LBT and starts UL transmission if channel is sensed to be idle. In such case, the actual transmission timing is unpredictable due to the unknown channel state. If scrambling for PUSCH is relevant to the actual timing, UE will not be able to process and buffer the UL data to be transmitted until channel is idle. It will increase the processing latency and may even lose the chance of idle channel for transmission. Therefore, the scrambling for PUSCH of msgA needs to be independent on the timing.
Given that 2-step RACH is most promising for small cell case, the inter-cell interference may be not significant due to small cell size. In such case, it is less effective to suppress the inter-cell interference by scrambling of PUSCH. On the other hands, multiple UEs may share the PUSCH occasion for msgA transmission. To suppress inter-UE interference, a distinguishable ID based on a prior information is preferred. The possible solutions include scrambling ID of msgA is related to preamble index associated with the PUSCH of msgA, or SSB index associated with the PUSCH of msgA. 
For nID determination for PUSCH of msgA, nID equals to dataScramblingIdentityPUSCH if configured otherwise nID equals to Ncell ID.
For nRNTI, it equals to a newly defined RA-RNTI that is independent on the timing, e.g. incorporated with preamble index (RAPID), or SSB index.
Proposal 10: For the determination of PUSCH scrambling ID for a msgA PUSCH transmission,
· For nID determination for PUSCH of msgA, nID equals to dataScramblingIdentityPUSCH if configured otherwise nID equals to cell ID.
· [bookmark: OLE_LINK23]For nRNTI, it equals to RA-RNTI that is independent on the timing, e.g. incorporated with preamble index (RAPID), or SSB index. 

2.6. DMRS sequence generation
For 2-step RACH, DMRS is transmitted together for channel estimation for PUSCH reception of msgA. The DMRS parameters, e.g. DMRS port and DMRS scrambling ID, need to be obtained first before PUSCH transmission. One possible method is that DMRS parameter(s) are configured by SIB/MIB. The drawback is that UEs in the cell will share the same DMRS parameter(s) and there is limited flexibility. For 2-step RACH, UE needs to obtain the following DMRS scrambling ID for PUSCH transmission of msgA. 


The determination of DMRS scrambling ID for PUSCH of msgA should take into account the processing latency, usage in unlicensed spectrum and inter-cell/inter-UE interference.
In case of unlicensed spectrum, UE needs to perform LBT and starts UL transmission if channel is sensed to be idle. In such case, the actual transmission timing is unpredictable due to the unknown channel state. If DMR sequence generation for PUSCH is relevant to the actual timing, UE will not be able to process and buffer the UL data to be transmitted until channel is idle. It will increase the processing latency and may even lose the chance of idle channel for transmission. Therefore, the DMRS scrambling ID for PUSCH of msgA needs to be independent on the timing.
Given that 2-step RACH is most promising for small cell case, the inter-cell interference may be not significant due to small cell size. In such case, it is less effective to suppress the inter-cell interference by scrambling of PUSCH. On the other hands, multiple UEs may share the PUSCH occasion for msgA transmission. To suppress inter-UE interference, a distinguishable DMRS scrambling ID based on a prior information is preferred. The possible solutions are that DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index associated with the PUSCH of msgA, or SSB index associated with the PUSCH of msgA. 
Proposal 11: DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index associated with the PUSCH of msgA, or SSB index associated with the PUSCH of msgA.

2.7. Resource allocation for PUSCH of msgA 
· Time/frequency domain resource size
[bookmark: OLE_LINK24]As discussed above, PUSCH occasion is configured separately or dependently on PRACH resources. The time/frequency resources for PUSCH occasion are configurable, as well as the resource sizes. whether or not to have small packet UP data transmission in msgA is still being discussed. At least for RRC CONNECTED state, UL data can be included in the payload of msgA. In result, the TBS for PUSCH of msgA could be different, e.g. according the RRC states when starting RACH procedure. Therefore, for different PUSCH occasions, different sizes of PRBs or different lengths of time duration can be configured, while for a given PUSCH occasion the time/frequency resource size should be fixed. PUSCH occasions with different resource size in time/frequency domain can be applicable for different TBS/MCS. An example is shown in the figure where different frequency resource size is configured for different PUSCH occasions in the same time resource.



Proposal 12: For different PUSCH occasions for 2-step RACH, time/frequency resources with the same or different size can be configured.
· A single time/frequency resource is configured for a given PUSCH occasion.

· Timing relationship between PRACH and PUSCH of msgA 
According to WID, the PRACH of msgA and PUSCH of msgA for 2-step RACH are TDMed. Based on this definition, it our understanding that the time domain resources for PRACH and PUSCH are non-overlapped in time, and the PRACH transmission is followed by the PUSCH transmission for msgA. The time domain resources for PRACH and PUSCH can be consecutive or non-consecutive in time. 
In case of unlicensed band, where channel access is allowed until LBT is successful, PRACH transmission followed by a PUSCH transmission for msgA in consecutive time resources are beneficial. In such case, since there is no time gap between PRACH and PUSCH transmissions, UE only needs to perform LBT once for both PRACH and PUSCH transmission. 
According to the preamble formats defined in Rel.15, for some preamble formats, there is a GT (guard time) after the preamble sequence(s) in a PRACH. Typically, there is no signal transmission during the GT considering the coverage requirement. However, if the GT is greater than 16us, there may be an issue when in unlicensed  band PRACH and PUSCH are transmitted using consecutive time domain resources, e.g. extra LBT would be needed between PRACH and PUSCH transmission. void introducing extra LBT before transmitting the PUSCH. Further study on how to handle this issue is needed.
In TDD case, there could be no available UL symbols within a UL period for both PRACH and PUSCH transmissions. Therefore, there could be a gap between the PRACH and PUSCH transmissions.
Proposal 13: For PRACH and PUSCH for msgA, consecutive and non-consecutive time domain resources for PRACH and PUSCH are allowed.

2.8. [bookmark: OLE_LINK1]MCS for PUSCH of msgA 
For PUSCH transmission of msgA, an appropriate MCS should be selected. Unlike msg3 transmission in 4-step RACH where MCS for msg3 PUSCH is scheduled by RAR grant, the MCS for msgA PUSCH transmission can be pre-configured by network. Following options for MCS of PUSCH of msgA can be considered.
· Opt-1: A single configurable MCS for a PUSCH occasion
· Opt-2: A set of configurable MCSs for a PUSCH occasion
For option 1, it is similar to UL configured grant. Since there may be no channel state information at gNB, a conservative MCS may be used to ensure the performance of PUSCH transmitted by different UEs with different channel states. Although there is limited flexibility and potential low resource utilization, option 1 is simple from both UE and gNB perspective. Therefore, at least option 1 should be supported. 
For option 2, multiple of MCSs can be configured for a PUSCH occasion. UE determines the MCS according to the channel state, e.g. based on RSRP. It is more flexible than option 1 while there is an issue that gNB needs to blindly detect the possible MCSs when receiving the PUSCH of msgA on a PUSCH occasion. One possible method is to indicate the selected MCS explicitly or implicitly, e.g. by UCI or preamble index. Further discussions on the MCS selection and indication are needed.
Proposal 14: Support a single configurable MCS for a PUSCH occasion
· FFS whether and how to support a set of configurable MCSs for a PUSCH occasion.

2.9. Payload size for PUSCH of msgA 
[bookmark: OLE_LINK25]The payload size of PUSCH of msgA should at least support the content of msg3 in 4-step RACH, i.e. 56 bits and 72 bits. As discussed in last meeting, larger payload than the 56 bits or 72 bits can be considered, if small packet UP data transmission in msgA is supported. The payload size of PUSCH of msgA is dependent on the size of time/frequency resource, MCS and received antenna number. To determine the maximum payload size for PUSCH of msgA, these facts should be taken into account. In [2], we perform some evaluations on the payload size and MCL (Maximum Coupling Loss) for PUSCH of msgA. More details on evaluation results can refer to our contribution [2].
Proposal 15: The payload size of PUSCH of msgA should at least support the content of msg3 in 4-step RACH, i.e. 56 bits and 72 bits.

3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on the use cases of 2-step RACH and the channel structure of msgA for 2-step RACH. The observations and proposals are summarized below.

Proposal 1: For PUSCH occasion of msgA transmission, option 1 is preferred, i.e. PUSCH occasions are separately configured from PRACH occasions.
Proposal 2: For configuration of PUSCH occasion of msgA transmission, 
· Either mechanism of UL configured grant or PRACH configuration can be adopted.
· One or multiple PUSCH occasions in time or frequency domain can be configured.
Proposal 3: Support association between PUSCH occasion and SSB.
Proposal 4: For a PUSCH occasion, the PUSCH resource units can be associated with different SSBs.
Proposal 5: Support one-to-one mapping between PUSCH resource units and preambles where both the PUSCH resource units and preambles are associated with a given SSB.
Proposal 6: Define association rule for one-to-one mapping between PUSCH resource units and preambles corresponding to a given SSB.
· The preambles of a given SSB of a SSB group are mapped to PUSCH resource units according the following order.
· First, in increase order of PUSCH resource units within a set of PUSCH occasion, with interlaced interval for PUSCH resource units = L (L>=1)
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions
Proposal 7: Forward compatibility should be taken into account for design of 2-step RACH.
Proposal 8:  The same TA is applied for PRACH and PUSCH of msgA for 2-step RACH.
· For TA = 0 is adopted if no valid TA; otherwise, TA = the valid TA value.
Proposal 9:  Support alt 2 for determination of numerology of PUSCH for msgA, i.e. same as msgA preamble numerology at least when short preamble is used..
Proposal 10: For the determination of PUSCH scrambling ID for a msgA PUSCH transmission,
· For nID determination for PUSCH of msgA, nID equals to dataScramblingIdentityPUSCH if configured otherwise nID equals to cell ID.
· For nRNTI, it equals to RA-RNTI that is independent on the timing, e.g. incorporated with preamble index (RAPID), or SSB index. 
Proposal 11: DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index associated with the PUSCH of msgA, or SSB index associated with the PUSCH of msgA.
Proposal 12: For different PUSCH occasions for 2-step RACH, time/frequency resources with the same or different size can be configured.
· A single time/frequency resource is configured for a given PUSCH occasion.
Proposal 13: For PRACH and PUSCH for msgA, consecutive and non-consecutive time domain resources for PRACH and PUSCH are allowed.
Proposal 14: Support a single configurable MCS for a PUSCH occasion
· FFS whether and how to support a set of configurable MCSs for a PUSCH occasion.
Proposal 15: The payload size of PUSCH of msgA should at least support the content of msg3 in 4-step RACH, i.e. 56 bits and 72 bits.
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