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1. Introduction 
The merit of specifying 2-step RACH has been identified as to reduce the time it takes for connection setup/resume procedure, for example in ideal situation the 2-step RACH will reduce the latency by halving the number of steps from 4 to 2 for initial access UEs. In addition, it was concluded that a 2-step RACH procedure has benefits for channel access in NR unlicensed spectrum (NR-U) [2]. Hence, a new WI to support 2-step RACH [1] was agreed at RAN#82 where the following requirements were included:
2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able to operate regardless of whether the UE has valid TA or not.

· 2-step RACH is applicable to any cell size supported in Rel-15 NR;

In this contribution, we discuss how to support different PUSCH configurations for MsgA of 2-step RACH with any cell size supported in Rel-15 NR.

2.  PUSCH Configurations for MsgA of 2-step RACH 
As the name implies the 2-step RACH comprises two steps of MsgA and MsgB transmissions from UE and gNB respectively. MsgA further contains PRACH part and PUSCH part. Therefore, for PRACH part, it is straight forward to re-use Rel-15 NR PRACH preambles without any changes, however the PUSCH part needs further consideration while taking into account different parameters such as link adaptation due to harsh channel conditions and different cell sizes. In addition, each UE’s location in a cell and channel condition is different, therefore resources for PUSCH part may be allocated depending on UE’s situation. This means that the design of the PUSCH resources should not be always based on the cell edge or UE’s worst channel condition.
Observation: PUSCH resource allocation considering always cell edge UEs may result in waste of radio resources.

In Rel-15 NR initial access for 4-step RACH, the UE selects a suitable beam/SSB index and decodes the corresponding RMSI/SIB1 to retrieve initial access configurations including RACH configurations. The PUSCH configuration parameters such as MCS are dynamically scheduled in the RAR message because gNB can get some rough estimate of the channel information from the UE’s uplink PRACH transmission, e.g. TA. For Rel-15, there are 16 possible MCS indices defined for UL PUSCH transmission (i.e. message 3 of 4-step RACH) [3].

For 2-step RACH, the PRACH preamble and PUSCH part are transmitted consecutively, hence it is not easy to define many different PUSCH resources corresponding to different channel conditions or UE’s location within the cell. But, it is feasible to define a small set of PUSCH configurations corresponding to different locations or channel conditions within the cell, for example a cell can be divided into small number of regions based on downlink RSRP/Pathloss thresholds as shown on Figure 1. Then each region will correspond to a specific PUSCH configuration with specific MCS scheme. These thresholds can be semi-statically signalled in SIB1 or can have fixed predefined values. 
Proposal 1: A configurable number of RSRP/Pathloss thresholds (e.g. 1, 2, 3) should be defined and signalled in SIB1.
During initial access, the UE estimates the downlink RSRP/Pathloss and compares against these predefined thresholds to determine which region the UE is located within the cell. Based on that, the UE selects MCS level for the PUSCH part, for example as shown in Figure 1 if the UE is located near the gNB it applies MCS3 (e.g. Coding rate = 2/3), if it is in the cell centre it uses MCS 2 (e.g. Coding rate = 1/2), and if it is at the cell edge it employs MCS 1 (e.g. Coding rate = 1/3). With the different MCS schemes (i.e. coding rates), the actual physical resources (i.e. number of PRBs) for PUSCH transmission would be different as well.
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Figure 1: A cell is divided into three different regions based RSRP/Pathloss thresholds.
As there is a small set of PUSCH resources corresponding to a small set of MCS indices (e.g. 4), the gNB would need to blind decode the received PUSCH with different MCS indices. However, in order to alleviate the complexity at the gNB, the UE can provide an additional signalling to the gNB where this signalling is piggybacked on the same PUSCH transmission.
Proposal 2: Based on the configurable number of RSRP/Pathloss thresholds, a corresponding number of PUSCH resources or MCS indices should be defined and signalled in SIB1.

3.  Conclusions

In this contribution, we have discussed how to support different PUSCH configurations for MsgA of 2-step RACH with any cell size supported in Rel-15 NR, and we have the following observation and proposals: 

Observation: PUSCH resource allocation considering always cell edge UEs may result in waste of radio resources.
Proposal 1: A configurable number of RSRP/Pathloss thresholds (e.g. 1, 2, 3) should be defined and signalled in SIB1.
Proposal 2: Based on the configurable number of RSRP/Pathloss thresholds, a corresponding number of PUSCH resources or MCS indices should be defined and signalled in SIB1.
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