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Introduction
The new work item of Two-Step RACH [1] was approved in the RAN #83 meeting. In this WID, the following objectives had been specified:
· 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

Accordingly, substantial progress on the channel structure of 2-step RACH has been made [2]. In RAN1 #98bis, the agreements made are captured below:

Agreements:
· The initialization ID for msgA PUSCH scrambling is:
· cinit = RA-RNTI216+RAPID210+nID
· nID is a cell-specific higher-layer parameter if configured; otherwise nID =NIDcell 
· RA-RNTI is as same as Rel.15 
· FFS whether or not to replace the RAPID by DMRS index, if 1-to-multiple mapping between preambles and PRUs is supported.
Agreements:
· At least support separate LBTs for msgA PRACH and PUSCH respectively, for 2-step RACH for NR-U
· Strive to specify mechanisms to reduce LBTs
Agreements:
· For the RRC configuration of MCS and TBS for msgA PUSCH 
· Signalling MCS only
· FFS the table and value range

In this contribution, we share our view on mapping type between preamble and PUSCH resource units, the scrambling ID and the MCS of Msg-A PUSCH, and the LBT of Msg-A transmission in NR-U.
Discussion
Reducing the latency of the conventional RACH procedure is one of major motivation to develop 2-step RACH procedure. As illustrated in Figure 1, some steps of 4-step RACH procedure are merged in 2-step RACH procedure so that it can efficiently save transmission time. Specifically, Msg-1 is combined with Msg-3 to be the Msg-A in 2-step RACH procedure, and Msg-2 is combined with Msg-4 to be the Msg-B in 2-step RACH procedure.

[image: ]Figure 1: RACH procedure

Mapping type between preamble and PRU
In 2-step RACH, Msg-A is made up of preamble and an associated PUSCH for data delivery. Generally, gNB performs UE detection through preamble to decide whether preparing for the reception of the corresponding PUSCH message is needed or not. Therefore, the relationship between preamble and PUSCH, such as timing/frequency offset and mapping type, should be defined so that gNB could find the PUSCH resources to decode after a positive preamble detection. In current RAN1 discussion on 2-step RACH, three mapping types are considered, i.e., one-to-one mapping, multiple-to-one mapping, and one-to-multiple mapping. The examples of different mapping types between preamble and PRU are given in Fig. 2. In this example, N preambles are mapped to N PRUs respectively for one-to-one mapping. For multiple-to-one mapping, N preambles are divided into equal-sized (N/M) groups, and each preamble group is mapped to each independent PRU. For one-to-multiple mapping case, NP PRUs are divided into N groups containing P PRUs, and each PRU group has its own dedicated preamble.
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Figure 2: The example of different mapping types between preamble and PRU

Among these three mapping types, one-to-one and multiple-to-one mapping had been agreed in the previous meeting [3]; hence we mainly discuss the one-to-multiple mapping in this contribution.
In Rel-15 NR, one PRACH occasion maps up to 64 orthogonal or quasi-orthogonal preambles so that multiple preambles can be recognized in the same PRACH occasion. Therefore, the preambles in Msg-A can be detected when multiple UEs transmit in the same physical resources. However, the PUSCH payloads in Msg-A do not have such orthogonal property as preamble. Under the consideration of PRU collision reduction, providing multiple PRUs to UEs is beneficial since each UE may select different PRUs when they select the same preamble. More specifically, the Msg-A payloads of different UEs may be decoded successfully when they select the same preamble if they select different PRUs for payload transmission. 
Observation 1: One-to-multiple mapping is beneficial for enhancing the reliability of Msg-A PUSCH transmission.
Proposal 1: Support one-to-multiple mapping for high reliability use case.

cinit for Msg-A PUSCH scrambling
For PUSCH signal processing, a scrambling ID which is usually the C-RNTI or TC-RNTI is needed in Rel-15 NR. However, in RRC_IDLE and RRC_INACTIVE state, no available C-RNTI or TC-RNTI can be obtained for 2-step RACH PUSCH signal processing. In the previous meeting, it has been agreed that the scrambling ID of 2-step RACH PUSCH could be derived based on RA-RNTI and RAPID. If one-to-multiple mapping between preamble and PRU is supported, current RAN1 decision for the scrambling ID of 2-step RACH PUSCH does not provide the capability of distinguishing multiple PUSCHs in the same PO. Therefore, the scrambling ID of 2-step RACH should be derived based on RA-RNTI, RAPID and DMRS index once one-to-multiple mapping is supported.  
Proposal 2: If one-to-multiple mapping between preambles and PRUs is supported, replacing the RAPID in the cinit formula agreed in the previous meeting by the combination of PRAID and DMRS index.

MCS value
One of the major motivations of 2-step RACH is reducing the RA procedure time. Therefore, how to reduce the probability of Msg-A/Msg-B retransmission is a basic issue for 2-step RACH design. One effective solution for this issue is to increase the transmission reliability of Msg-A/Msg-B. Under this consideration, MCS table with lower spectral efficiency, and MCS value set associated with lower equivalent code rate is preferred for 2-step RACH PUSCH transmission.
Proposal 3: Restrict Msg-A transmission to the use of MCS table with lower spectral efficiency MCS table. Further, MCS values from the low-spectral-efficiency MCS table is restricted to a set with low equivalent code rate. 

LBT for Msg-A transmission in NR-U
[bookmark: _GoBack]In NR-U, the major benefit of 2-step RACH is that it reduces LBT time compared to 4-step RACH. The overall LBT time depends on the time gap between preamble and PRU in a Msg-A transmission. If the time gap is less than 16 us, the LBT time for RACH procedure in NR-U could be substantially reduced. Based on current RAN1 agreements, it is not supported to have PRACH and PUSCH to be in the same slot. Therefore, specifying the mechanism to reduce the time gap between preamble and PUSCH is important for 2-step RACH in NR-U. Once the time gap can be reduced to less than 16 us, Cat-1 LBT can be applied for Msg-A PUSCH transmission, which can significantly save channel access latency.
Proposal 4: Support that the time gap between Msg-A PRACH and PUSCH could be configured to be less than 16 us.
Conclusion
In this contribution, we introduce some issues of channel structure of Msg-A, observation and proposals are given as following:
Observation 1: One-to-multiple mapping is beneficial for enhancing the reliability of Msg-A PUSCH transmission.
Proposal 1: Support one-to-multiple mapping for high reliability use case.
Proposal 2: If one-to-multiple mapping between preambles and PRUs is supported, replacing the RAPID in the cinit formula agreed in the previous meeting by the combination of PRAID and DMRS index.
Proposal 3: Restrict Msg-A transmission to the use of MCS table with lower spectral efficiency MCS table. Further, MCS values from the low-spectral-efficiency MCS table is restricted to a set with low equivalent code rate. 
Proposal 4: Support that the time gap between Msg-A PRACH and PUSCH could be configured to be less than 16 us.
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