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1 Introduction
In this contribution, the channel structure for 2-step RACH, the mapping between the PRACH preamble and the PUSCH in msgA and the msgA PUSCH resource configuration are further discussed.  
2 MsgA PUSCH Occasion configuration

During RAN1#97 meeting, the followings have been agreed [3] for msgA PUSCH configuration.
Agreements:

· The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location), at least include:

· MCS and/or TBS (to be further decided)
· Number of FDMed POs 
· POs (including guard band or guard period, if exist) under the same msgA PUSCH configurations are consecutive in frequency domain
· Number of PRBs per PO
· Number of DMRS symbols/ports/sequences (if support) per PO

· FFS whether or not support repetitions for msgA PUSCH
· FFS bandwidth of PRB-level guard band or duration of guard time

· FFS PUSCH mapping type

· Parameters specific to option 1, at least include:

· Periodicity (msgA PUSCH configuration period)

· FFS value range 
· Offset(s) (e.g., symbol, slot, subframe, etc.) 
· Time domain resource allocation, details FFS, e.g., in a slot for msgA PUSCH: starting symbol, number of symbols per PO, number of time-domain POs, etc.
· Frequency starting point

· Parameters specific to option 2, at least include:

· Single time offset (combination of slot-level and symbol-level indication) with respect to a reference point

· FFS, e.g., each PRACH slot (e.g., start or end of the PRACH slot), etc.

· Number of symbols per PO 

· FFS explicit or implicit indication

· Single frequency offset with respect to FFS (the start of the first RO in frequency or the end of the last RO in frequency)

· FFS: Number of TDMed POs
· Support multiple msgA PUSCH configurations for a UE

· FFS the maximum number of configurations

· FFS which parameters, if any, are common for all configurations

· FFS indication of different msgA PUSCH configurations, e.g. by different ROs, by different preamble groups, or by UCI

· FFS whether or not resources for different msgA PUSCHs can be overlapped in time-frequency, and if so, any spec impact

· FFS whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH

· FFS validation rule of msgA PUSCH
One of the most important aspects needs to be considered for PUSCH occasion configuration is that the network needs to configure sufficient PUSCH occasions to meet the capacity requirement when many UEs access the system simultaneously. Another aspect is that multiple MCS and TBS shall be supported as discussed in the following thus multiple PUSCH occasion configurations are needed. On the other hand, in order to support UEs in RRC idle and RRC inactive state to perform 2-step RACH procedure, 2-step RACH related configuration shall be conveyed in system information. Therefore, it is necessary to design concise signalling to configure msgA resources.
For msgA PUSCH resource, as shown in Figure 1, the following aspects are needed to configure a PUSCH occasion pool:

· The starting frequency and the starting symbol of the PUSCH occasion pool

· The number of PRB/ the number of symbols of one PUSCH occasion

· The Number of FDMed PUSCH occasion

· The associated MCS and TBS

· Antenna configuration 
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Figure 1 PUSCH Occasion configurations
2.1 Frequency domain configuration
The starting frequency point

For the frequency domain configuration of msgA PUSCH, it has been agreed that Number of FDMed POs shall be configured and POs under the same msgA PUSCH configurations are consecutive in frequency domain. One of the remaining issues is how to configure the frequency starting point. For option 1, the similar parameter as “msg1-FrequencyStart” for PRACH configuration can be used and with this parameter the offset of lowest PUSCH occasion in frequency domain with respective to PRB 0 is informed. For option 2, it is still FFS the single frequency offset with respect to the start of the first RO in frequency or the end of the last RO in frequency. Since msgA PUSCH and preamble can only be TDMed, we don’t see any benefit to configure the offset with respect to the end of the last RO, the single frequency offset with respect to the start of the first RO in frequency would be more convenient. 
Proposal 1: For the starting frequency point indication, the parameter “msgAPUSCH-FrequencyStart” similar as “msg1-FrequencyStart” for PRACH configuration can be used for option 1 and the single frequency offset with respect to the start of the first RO in frequency can be used for option 2.
PUSCH resource allocation type
In 4-step RACH, only PUSCH resource allocation type 1 is used for Msg3 while both PUSCH resource allocation type 0 and PUSCH resource allocation type 1 can be configured for PUSCH configured grant. Therefore, another discussion point would be whether both PUSCH resource allocation type 0 and PUSCH resource allocation type 1 are supported for MsgA PUSCH. It is noted that with PUSCH resource allocation type 0, potential frequency diversity gain may be achieved and it brings in the resource allocation flexibility. But on the other hand, it would be more complicated to form the PUSCH occasion pool if PUSCH resource allocation type 0 is used. In our view, we prefer to support only PUSCH resource allocation type 1 for simple msgA PUSCH msgA PUSCH configuration. 

Proposal 2: only PUSCH resource allocation type 1 shall be used for msgA PUSCH resource allocation.

Frequency hopping for PUSCH in MsgA
In NR 4-step RACH, it is supported to transmit Msg3 with frequency hopping. Frequency hopping is beneficial for Msg3 coverage.  There is a frequency hopping flag in the UL grant in the RAR message (Msg2). In 2-step RACH procedure, it is also preferred to support frequency hopping scheme for PUSCH in MsgA. Such frequency hopping can be always used or it could be enabled by a frequency hopping flag in the system information.  For the simplicity of msgA PUSCH configuration, only intra-slot frequency hopping is supported.

Proposal 3: 2-step RACH should support intra-slot frequency hopping for PUSCH in MsgA. 
2.2 Time domain configuration
For the time domain configuration for msgA PUSCH, for option 1, we have agreed that the periodicity and the time offsets need to be configured. For the periodicity, in our view, the same periodicity value range as PRACH configuration i.e., 10/20/40/80/160ms can be used. In addition, it could be expected that for typical scenario, the same msgA PUSCH periodicity as that of PRACH would be used. For the time offset, slot level would be enough. For option 2, the same time domain configuration framework can be used. The difference is that instead of the periodicity, a slot level time offset with respect to the start of the PRACH slot can be configured. 
Within each PUSCH slot, the starting symbol and the symbol duration for PUSCH occasion can be further configured.

Similar as the frequency domain, the number of TDMed PUSCH occasion can be configured. With the starting slot offset, the PO configuration within each slot and the number of TDMed PUSCH occasion, it is sufficient to help the UE to determine all the PO allocation in the time domain.
Proposal 4: For option 1, same msgA periodicity value range as PRACH configuration can be used. Slot level offset is used. For option 2, a slot level time offset with respect to the start of the PRACH slot can be configured.

Proposal 5: Within each PUSCH slot, the starting symbol and the symbols duration for msgA PUSCH occasion can be configured.

Proposal 6: The number of TDMed PUSCH occasion can be configured.
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Figure 2 Time domain configuration for PUSCH occasion
PUSCH front-loaded or preamble front-loaded channel structure
In the following Figure 2, two kinds of channel structures are depicted.  In the upper part of Figure 2, it depicts the preamble front-loaded MsgA channel structure. In preamble front-loaded MsgA channel structure, preamble is transmitted before PUSCH. There is also another potential MsgA channel structure as shown in the lower part of Figure 2, that is, PUSCH front-loaded MsgA channel structure. For this channel structure, PUSCH is transmitted before the preamble. 
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Figure 3 PUSCH front-loaded or preamble front-loaded channel structure

As shown in the following Figure 3, similar as the PRACH resources configuration for 4-step RACH, MsgA resources for 2-step RACH would recur periodically.  With such hyper MsgA resource configuration as shown in the upper part in Figure 3, UEs triggering 2-step RACH at time t1 in Figure 3 can select the PUSCH front-loaded MsgA and UEs triggering 2-step RACH at time t2 can select the preamble front-loaded MsgA. Compared with the case where only preamble front-loaded MsgA resources are configured, hyper MsgA resource configuration can reduce the latency for UEs triggering 2-step RACH at t1 since the PUSCH part of the MsgA could be send in advance. For the case where only preamble front-loaded MsgA resources are configured, it can be seen in the lower part in Figure 3 that the UE can only send the msgA after t2. Therefore it can be seen that it is beneficial to reduce the latency to support PUSCH front-loaded msgA channel structure besides preamble front-loaded MsgA channel structure.

Observation 1: It is beneficial to reduce the latency to support PUSCH front-loaded msgA channel structure besides preamble front-loaded MsgA channel structure.
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Figure 4  UE select PUSCH front-loaded or preamble front-loaded MsgA

Generally, with preamble front-loaded MsgA structure, the gNB can try to detect the preamble firstly, when a preamble is detected, the gNB further decodes the PUSCH corresponding to the preamble. It is noted that when decoding PUSCH the gNB can use the timing advance estimated using the preamble. For PUSCH front-loaded MsgA structure, the similar MsgA processing procedure can be used by the gNB, the difference is the gNB needs to buffer the PUSCH signals before completing preamble detection which would be a negligible burden for the gNB.

Proposal 7: support both PUSCH front-loaded or preamble front-loaded channel structure
2.3 DMRS Antenna ports configuration
With Rel-15 PUSCH and its DMRS design, at most 12 PUSCHs could have been supported to be multiplexed in the same PUSCH time/frequency resource with orthogonal PUSCH DMRS ports.  However, in some deployment scenarios such as small cell scenario, it may be impossible to support so many layers multiplexing due to LOS channel condition. Therefore, it would be beneficial to configure fewer DMRS ports than 12 for such scenario to match the channel condition. So, we propose to the total number of DMRS ports for PUSCH in MsgA shall be configurable. 

Proposal 8: total number of DMRS ports for PUSCH in MsgA shall be configurable.
During RAN1#97 meeting, it has been discussed whether to support both DMRS ports and DMRS sequences. In some case where multiple preambles mapped to one DMRS ports, supporting multiple DMRS sequences for each DMRS port could improve the total PUSCH decoding performance since UEs select the preambles corresponding to the same DMRS port can use different DMRS sequences.  On the other hand, for one-to-one mapping between preamble and DMRS port, we don’t see any need to support DMRS sequence. In addition, for DFTs-OFDM, it is difficult to support multiple DMRS sequence for each DMRS port.
Proposal 9: for DFTs-OFDM, both DMRS ports and DMRS sequences can be supported for the definition of PUSCH resource unit.

2.4 Multiple msgA PUSCH configurations
It has been agreed to support multiple PUSCH configurations in order to support multiple MCS(s)/TBS(s) for msgA PUSCH. One of the remaining issues is how to indicate msgA PUSCH configuration. In our view, msgA PUSCH configuration can be indicate via preamble group or RACH occasions. For each msgA PUSCH configuration, the associated preamble group/RACH occasions shall be configured.  
Proposal 10: when there are multiple msgA PUSCH configurations, for each msgA PUSCH configuration, the associated preamble group/RACH occasions shall be configured.   
In addition, as identified in the WID, all triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion. There would be diverse requirement corresponding to different triggering scenarios for the payload size of PUSCH in MsgA. Therefore, support PUSCH resource with different payload size (TBS) would be necessary.
However, too diverse PUSCH resource allocation in system information may bring in high signalling overhead, high resource consumption and high processing complexity at the gNB. 

Therefore, a proper trade-off between the system overhead, transmission efficiency and processing complexity needs to be carefully studied for PUSCH resource allocation in 2-step RACH. One possible way can be considered would be that for UEs in RRC idle and RRC inactive state, the kinds of payload size are restricted to very limited number, e.g., 2 or 3. Since for UEs in RRC idle and RRC inactive state, the PDU size of CCCH channel are 56 and 72 bits respectively, therefore, in order to convey such essential payload during RACH procedure, 56 and 72 can be considered as the payload size for  UEs in RRC idle and RRC inactive states. For UEs in RRC connected state, similar as Rel-15 Msg3, MsgA can carry small uplink data. In order to support small data transmission during 2-step RACH, the MCS and TBS for UEs in RRC connected state can be further configured with RRC signalling on top of the configurations in system information. With this method, there are at least two merits: Firstly the network knows the channel states information for UEs in RRC connected states thus accurate MCS and TBS can be selected. Secondly, there is no signalling overhead restriction with RRC signalling thus flexible resource allocation can be pursed. 

Proposal 11: Very limited payload sizes (e.g., 56/72) are supported for RRC idle/inactive UEs. The resource allocation (including MCS and TBS) for RRC connected state UE can be configured with RRC signalling. 

3 Mapping between preamble and PUSCH resource in MsgA
The preamble in MsgA has at least the following functionalities:
· It provides the UE’s timing advance information

The gNB can acquire a UE’s timing advance by detecting the preamble. The timing advance can be later feedback to the UE to adjust the UL timing for subsequent uplink transmission.

· It can assist the gNB in PUSCH decoding

In 2-step procedure, when a preamble is detected, it means there is a corresponding PUSCH is also transmitted. Then the gNB could try to detect and decode the PUSCH. When a preamble is not detected, it is not necessarily to detect the corresponding PUSCH.
Furthermore, the preamble can also provide the timing of the PUSCH. This is helpful when 2-step RACH is used in large cell where different UEs’ PUSCHs may not be aligned within a PUSCH CP range.  In such case, the gNB may need to find the PUSCH’s timing based on the timing of the detected preamble and the timing GAP between preamble and PUSCH.

· It can be used for channel estimation

Preamble can be used for UE’s channel estimation, if it is close to data symbols. And the channel estimation results can be used for PUSCH decoding.  
Therefore, it is important to define the mapping relationship between the PRACH preamble and the PUSCH in MsgA. In 2-step RACH, a preamble in one PRACH occasion would be selected by one UE for the preamble in MsgA. Then the corresponding PUSCH resource would be determined based on the mapping relationship between the PRACH preamble and the PUSCH. Based on Rel-15 PUSCH and its DMRS design, multiple UEs (i.e., at most 12 UEs with orthogonal DMRS ports) can be multiplexed on the same PUSCH time and frequency resource with different DMRS ports and/or different scrambling initialization ID. 
Therefore, in order to facilitate the UE to determine the specific PUSCH resource when a preamble is selected based on the mapping relationship between preamble and PUSCH resource
Mapping relationship
Generally, there would be 3 kinds of mapping relationships between preamble and PUSCH resource unit in MsgA.
· One-to-one mapping 

For one-to-one mapping between preamble and PUSCH resource unit, as shown in Figure 4(a), for each preamble in a specific PRACH occasion, there would be a unique PUSCH resource unit that corresponds to it. 

· Many-to-one mapping

For many-to-one mapping between preamble and PUSCH resource unit, as shown in Figure 4(b), there would be multiple preambles in one or more PRACH occasions that are associated with each PUSCH resource unit.
· One-to-many mapping
For one-to-many mapping between preamble and PUSCH resource unit, as shown in Figure 4(c), for each preamble in a specific PRACH occasion, there would be more than one PUSCH resource units that correspond to it.
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Figure 4 mapping relationship between preamble and PUSCH resource unit
In RAN1#96bis meeting, we have the following working assumption on mapping relationship between preamble and PUSCH resource unit [1]. 

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
Different mapping relationship may be applied to different deployment scenarios. One-to-one mapping supports balanced PRACH resource and PUSCH resource unit for MsgA. By using one-to-one mapping, it is beneficial to make full use of the functionalities of preamble in MsgA as mentioned above. Therefore, one-to-one mapping can be served as the baseline mapping.
Many-to-one mapping configures more PRACH resource than PUSCH resource units for MsgA. For cases where preambles in the PRACH occasions are not fully loaded, Many-to-one mapping is beneficial to improve the PUSCH resource utilization efficiency. For example, assuming preamble 1/2/3/4 in one PRACH occasion are associated with one PUSCH resource unit. Even some of preamble (e.g., preamble 1/2/4) are not selected by the 2-step RACH UEs, the corresponding PUSCH resource unit can still be used if preamble 3 is selected by a UE. However, there would be PUSCH collision issue if more than one preamble that are associated with the same PUSCH resource unit are selected by 2-step UEs.
One-to-many mapping provides redundant PUSCH resource units configuration for each preamble. It is beneficial to solve the collision issue. Even the same preamble is selected by two UEs, different PUSCH resource units can be used for each UE, and then PUSCH can still be decoded correctly by the gNB. The disadvantage is that more PUSCH resource units are needed and the overhead would be high. It is noted that PUSCH may consume more time and frequency resource than preamble because tens of bits payload needs to be conveyed in PUSCH.    

Proposal 12: Confirm the working assumption in RAN1#96bis meeting to support one-to-one and multiple-to-one mapping. One-to-multiple mapping shall not be supported. 
Mapping rule
Besides the mapping relationship on the aspect of the number of preamble and PUSCH resource unit as discussed above, the UE also needs to know the mapping rule between preambles and PUSCH resource unit before transmitting MsgA in 2-step procedure. In order to support beam-sweeping operation and support multiple UEs within each beam to access the NR system, a set of preamble resource “pool” would be formed by at most 64 preambles within a PRACH occasion, the FDMed PRACH occasions, TDMed PRACH occasions within a PRACH slots, and the TDMed PRACH slots. Correspondingly, the PUSCH resource “pool” should be also configured with the DMRS antenna ports within one PUSCH occasion, the FDMed PUSCH occasions and the TDMed PUSCH occasions. On top of preamble resource “pool” and PUSCH resource “pool”, a mapping rule shall be defined to let the UE know which PUSCH resource(s) in the PUSCH resource “pool” corresponding to a preamble(s) in the preamble resource “pool”.  The mapping rule may include the following aspects:

· PUSCH resources are mapped to preambles in the following order: 

· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
· Preambles are mapped to PUSCH resources in the following order: 

· First, in increasing order of PUSCH antenna ports index within a single PUSCH occasion
· 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 
The following Figure 5 illustrates one example how preambles are mapped with PUSCH resources. There are 64 preambles within one RACH occasions and there are 4 ROs FDMed in the frequency domain. And in the time domain, there are 2 RACH occasions within one PRACH slot. For PUSCH resource, there are 8 PUSCH occasions FDMed in the frequency domain and 2 PUSCH occasions TDMed in the time domain. Within each PUSCH occasion, there are 8 PUSCH resources with antenna port index 0-7.  One-to-one mapping between preamble and PUSCH resource is assumed. Based on the mapping rule above, preamble 0-7 in RACH occasion 1 are mapped to the PUSCH resources in PUSCH occasion 1 with PUSCH antenna port index 0-7 respectively, preamble 8-16 in RACH occasion 1 are mapped to the PUSCH resources in PUSCH occasion 2 with PUSCH antenna port index 0-7 respectively…. Until all the preambles within RACH occasion 1 are mapped to PUSCH resources in PUSCH occasion 1-8, preambles within RACH occasion 2 are mapped to PUSCH resources in PUSCH occasion 9-16 in the same manner.
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Figure 5 mapping rule between preambles and PUSCH resources
During RAN1#96 meeting, it has been agreed [1] that the beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH. Therefore, similarly as in 4-step RACH, before transmitting MsgA, the UE can firstly determine the RACH occasion(s) to be used based on the RSRP measurement based on SS/PBCH block.  Then the UE can randomly select a preamble within the RACH occasion(s). Given the preamble is selected, using the above mapping relationship and the mapping rule, the UE can determine the corresponding PUSCH resource for this preamble. 
Proposal 13: preambles and PUSCH resources are mapped with each other with the following mapping rule:
· PUSCH resources are mapped to preambles in the following order: 

· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions

· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
· Preambles are mapped to PUSCH resources in the following order: 

· First, in increasing order of PUSCH antenna ports index within a single PUSCH occasion

· 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
4  Other issues
Waveform for PUSCH in MsgA
In NR 4-step RACH, PUSCH can be transmitted with the waveform of CP-OFDM or DFTs-OFDM and the waveform of Msg3 is configured in the RMSI. In 2-step RACH procedure, it has been agreed [1]that both CP-OFDM and DFTs-OFDM shall be supported for PUSCH in MsgA while it is still FFS how to indicate/configure the waveform. The straightforward way to indicate the waveform for PUSCH is to use the system information as how the waveform for Msg3 PUSCH is indicated. Another way can be considered is reusing the indication of waveform for Msg3 PUSCH. 

In addition, the duration of guard time shall be taken into account when setting the waveform for PUSCH. We should study whether it is possible for the UE to switch the waveform from preamble to configured CP-OFDM PUSCH when very short guard time is used. In addition, different PAPR property of these two waveforms may affect the overall structure design, which shall also be studied. 
Proposal 14: The following can be considered for PUSCH waveform:

· The waveform is indicated in system information

· Reuse the waveform for Msg3 PUSCH
· The guard time shall be taken into account when setting the waveform

Scrambling for PUSCH  

During RAN1#97 meeting, it has been agreed the following for msgA PUSCH scrambling:
Agreements:

· The c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID (which can be  cell ID or configurable, to be FFS).

· FFS details of the RNTI

· FFS the inclusion of DMRS index.
It is agreed that the c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID, but the details is still FFS.  Based on the specification 38.213[2], the c_init is generated as following:
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For 4-step RACH, RA_RNTI is used to generate the c_init for msg3 PUSCH scrambling. For 2-step RACH, in order to maintain a uniform design, we propose to reuse the above formulation to generate c_init for msgA PUSCH scrambling but with a modified RA_RNTI.  The modified RA_RNTI can be derived based on the current RA_RNTI and the preamble index, e.g., modified RA_RNTI = RA_RNTI+ preamble index.
Proposal 15: reuse the formulation in 38.213 to generate c_init for msgA PUSCH scrambling but with a modified RA_RNTI. The modified RA_RNTI can be derived based on the current RA_RNTI and the preamble index.
5 Conclusion

In this contribution, we discussed the channel structure for 2-step RACH. Based on the discussions we made the following observation and proposals.
Observation 1: It is beneficial to reduce the latency to support PUSCH front-loaded msgA channel structure besides preamble front-loaded MsgA channel structure.

Proposal 1: For the starting frequency point indication, the parameter “msgAPUSCH-FrequencyStart” similar as “msg1-FrequencyStart” for PRACH configuration can be used for option 1 and the single frequency offset with respect to the start of the first RO in frequency can be used for option 2.
Proposal 2: only PUSCH resource allocation type 1 shall be used for msgA PUSCH resource allocation.

Proposal 3: 2-step RACH should support intra-slot frequency hopping for PUSCH in MsgA. 
Proposal 4: For option 1, same msgA periodicity value range as PRACH configuration can be used. Slot level offset is used. For option 2, a slot level time offset with respect to the start of the PRACH slot can be configured.

Proposal 5: Within each PUSCH slot, the starting symbol and the symbols duration for msgA PUSCH occasion can be configured.

Proposal 6: The number of TDMed PUSCH occasion can be configured.

Proposal 7: support both PUSCH front-loaded or preamble front-loaded channel structure
Proposal 8: total number of DMRS ports for PUSCH in MsgA shall be configurable.
Proposal 9: for DFTs-OFDM, both DMRS ports and DMRS sequences can be supported for the definition of PUSCH resource unit.

Proposal 10: when there are multiple msgA PUSCH configurations, for each msgA PUSCH configuration, the associated preamble group/RACH occasions shall be configured.   
Proposal 11: Very limited payload sizes (e.g., 56/72) are supported for RRC idle/inactive UEs. The resource allocation (including MCS and TBS) for RRC connected state UE can be configured with RRC signalling. 

Proposal 12: Confirm the working assumption in RAN1#96 bis meeting to support one-to-one and multiple-to-one mapping . One-to-multiple mapping shall not be supported. 

Proposal 13: preambles and PUSCH resources are mapped with each other with the following mapping rule:

· PUSCH resources are mapped to preambles in the following order: 

· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions

· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
· Preambles are mapped to PUSCH resources in the following order: 

· First, in increasing order of PUSCH antenna ports index within a single PUSCH occasion

· 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 14: The following can be considered for PUSCH waveform:

· The waveform is indicated in system information

· Reuse the waveform for Msg3 PUSCH
· The guard time shall be taken into account when setting the waveform

Proposal 15: reuse the formulation in 38.213 to generate c_init for msgA PUSCH scrambling but with a modified RA_RNTI. The modified RA_RNTI can be derived based on the current RA_RNTI and the preamble index.
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