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1 Introduction
A new work item on 2-step RACH for NR was approved during RAN plenary meeting#82[1]. The following objectives are identified:

· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)

· Only reuse the Rel-15 NR PRACH Preambles design. 

· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)

· No new CP length and no sub-PRB guard subcarrier(s)

Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS

· PRACH Preamble and PUSCH in a msgA is TDMed

· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA

· Consider the msgA payload contents determined by RAN2

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 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. 
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 is straightforward to follow the subcarrier spacing determination as in Rel-15. 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.  
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 2: 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, whether both CP-OFDM and DFTs-OFDM shall be supported for PUSCH in MsgA shall be discussed. Since preamble and PUSCH are transmitted by the UE continuously, we should study whether it is possible for the UE to switch the waveform from preamble to configured CP-OFDM PUSCH. In addition, different property of these two waveform may affect the overall structure design, which shall also be studied.
Proposal 3: Whether and how to support CP-OFDM for PUSCH in MsgA should be discussed. 

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 one corresponding PUSCH resource would be determined. 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, PUSCH resource in MsgA would be defined by a specific PUSCH time and frequency resource and a DMRS port in corresponding to a preamble.
Proposal 4: 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 2(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 2(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 2(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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(a) One-to-one mapping                 (b) many-to-one mapping                       (b) one-to-many mapping
Figure 2 mapping 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, 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 5: 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. 

4  Resource allocation for PUSCH in MsgA
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, 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 6: 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.

5 Conclusion

In this contribution, we discussed the channel structure for 2-step RACH. Based on the discussions we made the following proposals.
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: 2-step RACH should support frequency hopping for PUSCH in MsgA. 
Proposal 3: Whether and how to support CP-OFDM for PUSCH in MsgA should be discussed. 

Proposal 4: 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 5: 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 6: Multiple MCSs for PUSCH in MsgA should be supported. 
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