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Introduction
In RAN#82, a new work item on “2-step RACH for NR” was agreed [1], with the following objects:
1. 2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able 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;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· 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
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· 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
· No new triggers for 2 step RACH

For unlicensed operation:
· After PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, identify and specify the necessary modification of 2-step RACH design for its application in NR-U(RAN1/RAN2)

Note 2: UP data transmission in RRC_IDLE and RRC_INACTIVE state is not in the scope. UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported. 

In this contribution, we discuss channel structure for 2-Step RACH, including mapping between the PRACH preamble and the time-frequency resource of PUSCH in MsgA+ DMRS, and supported MCS(s) and time-frequency resource size(s) of PUSCH in MsgA.
Discussion
The 2-step RACH procedure is shown in Figure 1. 


Figure 1: Illustration of 2-step RACH procedure
Mapping between the PRACH preamble and the time-frequency resource of PUSCH in MsgA+ DMRS
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]According to the WID [1], MsgA consists of PRACH preamble and PUSCH carrying payload and Rel-15 NR PRACH preambles design and Rel-15 NR PUSCH including Rel-15 DMRS are reused. As MsgA consists of PRACH preamble and PUSCH carrying payload, the time-frequency resource of MsgA consists of two parts: time-frequency resource of PRACH preamble and time-frequency resource of PUSCH carrying payload. For the first part, the time-frequency resource for PRACH preamble in MsgA can reuse the definition of PRACH preamble occasion (RO) in 4-step RACH procedure. For the second part, there is no definition of PUSCH time-frequency resource in Rel-15 NR. Denote PUSCH time-frequency unit (TFU) set as the set of time-frequency resources for PUSCH carrying payload in MsgA. Each PUSCH TFU set consists of one or more PUSCH TFU(s), where each PUSCH TFU is used for a PUSCH transmission in MsgA. 
The time and frequency location of PUSCH TFU set should be defined. For frequency location, we can use absolute frequency offset as “msg1-FrequencyStart” for Msg1 in Rel-15 NR to indicate the starting position of a PUSCH TFU set and also indicate the number of PRBs of the PUSCH TFU set. As PRACH preamble and PUSCH in a MsgA is TDMed according to the WID [1], it is natural to define the time offset between the end of RO and the start of PUSCH TFU set for time location. 
In Figure 2, T is used to denote time offset between the end of RO and the start of PUSCH TFUS in time domain, and F is used to denote frequency offset between PUSCH TFU SET and PRB 0 of the same uplink bandwidth part as RO. As shown in Figure 2 (a), a PUSCH TFU set is configured for a RO. As shown in Figure 2 (b), two PUSCH TFU sets are configured for a RO, with the same value of T and different value of F. The two PUSCH TFU sets have different bandwidths, which can be further used for different TBS of MsgA. For how to indicate the value of T and F, there are at least two methods. Method 1: T and F are fixed in specification. Method 2: the value of T and F are signaled to UE by system information. Method 1 has less signaling overhead and less configuration flexibility. Method 2 has high configuration flexibility and high signaling overhead. As 2-step RACH should be design for NR-licensed and NR-unlicensed and different preamble format should be supported, method 2 is preferred.


[bookmark: OLE_LINK6][bookmark: OLE_LINK7](a) Option A                                                  (b) Option B
Figure 2 Illustration of MsgA channel structure for 2-Step RACH

For Mapping between the PRACH preamble and the PUSCH TFU set in MsgA+ DMRS, a two stage mapping method can be used. First, mapping RO to PUSCH TFU set in MsgA; Second, mapping PRACH preamble on one RO to PUSCH TFU set in MsgA + DMRS.
For the first mapping stage, there are at least two options. Option A: one RO is mapped to one PUSCH TFU set. Option B: one RO is mapped to multiple PUSCH TFU sets, and all preambles on one RO are divided to subsets, where each preamble subset mapped to one PUSCH TFU set. Option A and option B are illustrated in Figure 2(a) and 2(b), respectively.
Proposal 1: NR should further study whether one or multiple PUSCH time-frequency unit (TFU)set(s) is configured for each RO in MsgA.
The preamble in MsgA is used for UE detection by gNB, which is further used to receive the PUSCH in MsgA. In Rel-15 NR, there are up to 64 preambles on one PRACH occasion (RO), where the preambles are orthogonal from the same root of Zadoff-Chu sequence, or quasi-orthogonal from different roots of Zadoff-Chu sequence. 
Note that for both option A and option B, when multiple preambles are mapped to one PUSCH TFU set, either FDM or different DMRS ports can be used to further divide the PUSCH TFU set into multiple PUSCH TFUs. 
For the second mapping stage, at least three options can be considered.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Option 1: All preambles on one RO are mapped to one PUSCH TFU set, and all preambles on one RO are further grouped into subsets, where each subset is further mapped to one PUSCH TFU and one DMRS port.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Option 2: A subset of preambles on one RO is mapped to one PUSCH TFU set, and one or multiple preamble(s) in a subset is mapped to one PUSCH TFU and one DMRS port.
Option 3: One preamble on one RO is mapped to one PUSCH TFU and one DMRS port.
For option 1 and option 2, multiple DMRS ports as shown in Figure 3(e) can be used to reduce DMRS collision and failed PUSCH probability. Assuming only one DMRS port, option 1/2/3 are illustrated in Figure 3(a), 3(b) and 3(c), respectively. In Figure 3(b), all preambles are grouped into two subsets, and preamble subset#1 and subset#2 are mapped to PUSCH TFU set#1 and PUSCH TFU set#2, respectively.
Compared to option 2 and option 3, option 1 has lowest PUSCH time and frequency resource overhead for 2-step RACH. However, if more than one preamble is detected by gNB, the probability of failed PUSCH decoding is increased for option 1. For option 2, a subset of preambles is mapped to one PUSCH TFUS. This reduces the probability of failed PUSCH decoding due to collision with the cost of increasing PUSCH time and frequency resource overhead. For option 3, as only one preamble is mapped to one PUSCH TFU set and one DMRS. This brings lowest collision probability with the cost of highest PUSCH t/f resource overhead. Therefore, option 2 is preferred and the size of preamble subset can be further studied.




  
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]                           (a) Option 1                                          (b) Option 2                         (c) Option 3



        
                           (d) Option 1.A                                    (e) Option 2.A                         (f) Option 3.A
Figure 3 Illustration of mapping rule from PRACH preamble on one RO to the time-frequency resource of PUSCH in MsgA + DMRS
Proposal 2: NR should support a subset of preambles on one RO mapped to one PUSCH TFU set, and one or multiple preamble(s) in a subset is mapped to one PUSCH TFU and one DMRS port. The size of preamble subset can be further studied.
Next, we analyze the impact of association between SSB and RO to the the mapping rule from PRACH preamble to the time-frequency resource of PUSCH in MsgA + DMRS. 


In Rel-15 NR, if there are  SS/PBCH blocks associated with one RO, R contention based preambles with consecutive indexes associated with SS/PBCH block [image: ], , where R is the number of contention based preambles per SS/PBCH block per valid RO. In this case, the subset of preambles on one RO mapped to one PUSCH TFU set should come from the same SS/PBCH block instead of from different SS/PBCH blocks. Therefore, for choosing a subset of preambles on one RO is mapped to one PUSCH TFU set as shown in Figure 3(b), the size of subset of preambles should be no larger than R. 
Proposal 3: When multiple SS/PBCH blocks are associated with one RO, the subset of preambles on one RO mapped to one PUSCH TFU set should come from the same SSBs instead of from different SSBs.

Supported MCS(s) and time-frequency resource size(s) of PUSCH in MsgA
In Rel-15 NR, the MCS and time-frequency resource size(s) of PUSCH for Msg3 is configurable and indicated in RAR. For 2-step RACH, considering configuration flexibility, it is preferred to support configurable MCS and time-frequency resource size(s) of PUSCH in MsgA. However, the configuration flexibility is at the cost of high signaling overhead. To further reduce the signaling overhead, the size of payload carried by PUSCH should be first studied. Then, with the given candidate payloads in given link budget, link level simulation can be carried out to reduce the candidate number of MCSs. NR should further study how to indication of configurable MCS and PUSCH time-frequency resource size(s), e.g., by grouping of preamble indexes.
Proposal 4: Both MCS and time-frequency resource size(s) of PUSCH in MsgA are configurable, and the method to indicate in broadcast signaling and to reduce the signaling overhead should be further studied.
Summary
In this contribution, we discussed channel structure for 2-Step RACH.
Proposal 1: NR should further study whether one or multiple PUSCH time-frequency unit (TFU)set(s) is configured for each RO in MsgA.
Proposal 2: NR should support a subset of preambles on one RO mapped to one PUSCH TFU set, and one or multiple preamble(s) in a subset is mapped to one PUSCH TFU and one DMRS port. The size of preamble subset can be further studied.
Proposal 3: When multiple SS/PBCH blocks are associated with one RO, the subset of preambles on one RO mapped to one PUSCH TFU set should come from the same SSBs instead of from different SSBs.
Proposal 4: Both MCS and time-frequency resource size(s) of PUSCH in MsgA are configurable, and the method to indicate in broadcast signaling and to reduce the signaling overhead should be further studied.
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