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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 resource allocation for msgA are further discussed.  
2 Channel structure of MsgA 

In 2-step RACH procedure, the UE sends MsgA, and when the gNB detects MsgA, it responds with MsgB. 
Basic channel structure of MsgA
Based on the WID [1], the channel structure of MsgA is Preamble and PUSCH carrying payload. And for MsgA, it is limited to only reuse the Rel-15 NR PRACH Preambles design and only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of MsgA. In addition, it is restricted that PRACH Preamble and PUSCH in MsgA is TDMed. Therefore, a basic channel structure of MsgA can be depicted as in the following Figure 1. As shown in Figure 1, a potential non-zero guard time (GT) would be needed between the preamble and the PUSCH in MsgA. The GT is necessary to avoid the interference between preambles and PUSCHs from different UEs due to the different propagation delay of UEs with different distances from the gNB. In addition, the GT may also be necessary to support flexible PRACH and PUSCH configuration for MsgA, e.g., for different preamble within the same PRACH occasion, different PUSCH resource (with different time-frequency resources) can be configured. Due to the same reason, the preamble and the PUSCH in MsgA may or may not overlapped in the frequency domain as shown in Figure 1a and Figure 1b. 
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Figure 1 channel structure of MsgA
Proposal 1: There could be a potential non-zero guard time (GT) between the preamble and the PUSCH in MsgA. The GT length may be fixed or configurable. 
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 2 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 3  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 2: support both PUSCH front-loaded or preamble front-loaded channel structure
Subcarrier spacing of MsgA
It has been agreed that Rel-15 NR PRACH preamble design shall be reused for preamble in MsgA. Therefore, the subcarrier spacing of Rel-15 NR PRACH preamble can be reused and it can be configured by system information. One potential issue to be considered is whether it is necessary to support all the preamble formats defined in Rel-15 for 2-step RACH procedure.
For the subcarrier spacing of PUSCH in MsgA, it has been discussed [1] how it should be determined and the following alternatives were identified:

· 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)

In our views, it is straightforward to follow the subcarrier spacing determination for Msg3 in 4-step RACH as in Rel-15. MsgA can follow the subcarrier spacing of the active UL BWP. For example, for initial access the subcarrier spacing of PUSCH in MsgA can follow the subcarrier spacing of the initial UL BWP which is configured in the system information.  
Proposal 3: MsgA follows the subcarrier spacing of the active UL BWP
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 system information.  
Proposal 4: 2-step RACH should support frequency hopping for PUSCH in MsgA. 
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. For UEs in RRC connected state, since gNB has more information on aspects such as UE’s channel condition, it also can be considered to use RRC signalling to update the indication of the waveform based on UE’s channel states information. 
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 5: The following can be considered for PUSCH waveform:
· The waveform is indicated in system information

· Reuse the waveform for Msg3 PUSCH
· The waveform is indicated using RRC signalling for RRC connected UEs

· The guard time shall be taken into account when setting the waveform

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, at most 12 PUSCH can be multiplexed on the same PUSCH time and frequency resource with 12 different DMRS ports. Therefore, in order to facilitate the UE to determine the specific PUSCH resource, PUSCH resource in MsgA should be defined by a specific PUSCH time and frequency resource and a DMRS port in corresponding to a preamble.
Proposal 6: PUSCH resource in MsgA shall be defined by a specific PUSCH time and frequency resource and a DMRS port in corresponding to a preamble.
Generally, there would be 3 kinds of mapping relationships between preamble and PUSCH resource in MsgA.
· One-to-one mapping 

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

· Many-to-one mapping

For many-to-one mapping between preamble and PUSCH resource, as shown in Figure 4(b), there would be multiple preambles in one or more PRACH occasions that are associated with each PUSCH resource.
· One-to-many mapping
For one-to-many mapping between preamble and PUSCH resource, as shown in Figure 4(c), for each preamble in a specific PRACH occasion, there would be more than one PUSCH resources that correspond to it.
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Figure 4 mapping relationship between preamble and PUSCH in MsgA
Different mapping rules may be applied to different deployment scenarios. One-to-one mapping supports balanced PRACH resource and PUSCH resource 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 resources 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. Even some of preamble (e.g., preamble 1/2/4) are not selected by the 2-step RACH UEs, the corresponding PUSCH resource can still be used if preamble 3 is selected by a UE. However, there would be PUSCH collision issue if more than one preambles that are associated with the same PUSCH resource are selected by 2-step UEs.
One-to-many mapping provides redundant PUSCH resources configuration for each preamble. It is beneficial to solve the collision issue. Even the same preamble is selected by two UEs, different PUSCH resources can be used for each UE, and then PUSCH can still be decoded correctly by the gNB. The disadvantage is that more PUSCH resources 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 7: One-to-one mapping between preamble and PUSCH resource can be supported. Whether to support many-to-one mapping and one-to-many mapping should be further studied. 

Besides the mapping relationship on the aspect of the number of preamble and PUSCH resource as discussed above, the UE also needs to know the mapping rule between preambles and PUSCH resource 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 8: 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  Resource allocation for PUSCH in MsgA
The supported MCS(s) for PUSCH
In 4-step RACH, the time-frequency resource and the MCS are allocated by the UL grant in the RAR messages (Msg2).The gNB can estimate the UE’s channel based on the preamble detection, and based on that the gNB can choose proper MCS for PUSCH. 

For 2-step RACH, at least for UEs in RRC idle and RRC inactive state, there is no such interaction procedure between the UE and the gNB before MsgA transmission. Such resource allocation information has to be pre-configured in system information. There is no UE’s channel states information for gNB to select MCS of PUSCH. If the system assume the MCS and the PUSCH resource based on the worse channel condition (i.e. of the UE at cell edge), for the UE with good channel condition, the transmission efficiency would be too low. Therefore, multiple MCS(s) can be considered to be support PUSCH in MsgA. A UE can select the preamble and PUSCH resource based on its DL pathloss estimation. For example, if the RSRP is high, a PUSCH resource with high MCS and its corresponding preamble can be used. Otherwise, a PUSCH resource with lower MCS and its corresponding preamble can be selected.

Proposal 9: Multiple MCSs for PUSCH in MsgA should be supported. 

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 10: 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. 

PUSCH occasion configuration

For PUSCH occasion configuration, the following alternatives has been discussed and proposed during RAN1#96 meeting:

· 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

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 need that lots of UE could access the system simultaneously. That means that many PUSCH occasions would needs to be configured. Another aspect is that multiple MCS and TBS shall be supported as discussed above thus PUSCH occasions with different sizes are needed. Keeping these requirements in mind, if the resource allocation method for NR configured grant is simply reused, there would be huge signalling overhead corresponding to different PUSCH occasions and different MCS(s) and TBS(s).

  Alternatively, one simply way can be considered is to configure PUSCH occasion resource pools with limited signalling. For example, as shown in Figure 6, we can use the following parameters 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 6 PUSCH Occasion configurations
Proposal 11: The following parameters can be used to configure the PUSCH occasion pools:

· 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 

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 as above.

  Proposal 12: Discuss whether to support PUSCH resource allocation type 0 for MsgA PUSCH.
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: There could be a potential non-zero guard time (GT) between the preamble and the PUSCH in MsgA. The GT length may be fixed or configurable.
Proposal 2: support both PUSCH front-loaded or preamble front-loaded channel structure
Proposal 3: MsgA follows the subcarrier spacing of the active UL BWP
Proposal 4: 2-step RACH should support frequency hopping for PUSCH in MsgA. 
Proposal 5: The following can be considered for PUSCH waveform:

· The waveform is indicated in system information

· Reuse the waveform for Msg3 PUSCH
· The waveform is indicated using RRC signalling for RRC connected UEs

· The guard time shall be taken into account when setting the waveform

Proposal 6: PUSCH resource in MsgA shall be defined by a specific PUSCH time and frequency resource and a DMRS port in corresponding to a preamble.
Proposal 7: One-to-one mapping between preamble and PUSCH resource can be supported. Whether to support many-to-one mapping and one-to-many mapping should be further studied. 

Proposal 8: 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 9: Multiple MCSs for PUSCH in MsgA should be supported. 

Proposal 10: 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 11: The following parameters can be used to configure the PUSCH occasion pools:

· 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
Proposal 12: Discuss whether to support PUSCH resource allocation type 0 for MsgA PUSCH.
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