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1. INTRODUCTION
In RAN1 #86 [1], 3GPP considered further studying a simplified RACH procedure compared to the legacy offering, by which a UE can establish a connection with a smaller number of steps:
	· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied
· Details on Msg. 1 and Msg. 2 are FFS
· Study should include comparison with the above procedure (first bullet)



At RANP#82, in conclusion of the NOMA SI, the WI on 2-Step RACH was approved [2]. The 2-Step RACH is considered a significantly reduced version of NOMA where some aspects and learnings of NOMA SI can be applied.  In this contribution, we provide our views on channel design aspects for msgA of 2-Step RACH. We also briefly discuss aspects related to msgB. In our companion contribution [3], we discuss more aspects of UE behaviour in relation to msgB content and related procedures.

2. BACKGROUND
2-Step RACH is being studied as an alternative to the legacy 4-step RACH procedure for specific use cases. The main issue with the legacy RACH procedure is its latency that is too high to satisfy applications with low round trip time requirements. With the introduction of three main scenarios (mMTC, URLLC, eMBB), a more flexible RACH procedure is needed to meet the performance requirements in all situations. At the recent RAN plenary meeting [2], 3GPP approved a WI on contention based 2-Step RACH. 
	Legacy RACH is initiated by the UE when it needs to setup a connection with the gNB. The procedure is completed in four steps where each step requires the transmission of a message. It starts with msg1 which is a preamble randomly selected by the UE. It is transmitted during preconfigured RACH transmission opportunities which are communicated to the UE during initial access in the SIB. Upon reception of msg1, gNB replies with msg2 which is the RAR. The RAR contains a TA command to synchronize the UE uplink transmission with the gNB’s timing, and it also conveys an uplink scheduling grant for the UE to further transmit data. In addition, a temporary identifier is included (TC-RNTI) such that the UE can be identified in further message exchanges with the gNB. The UE monitors the downlink control channel for a DCI whose CRC is scrambled with the RA-RNTI corresponding to the UE’s preamble transmission opportunity. After acquiring the resource assignment from the RAR, the UE sends its payload in msg3. Msg4 is used by the gNB to resolve conflicts in case of a collision. If no collision is detected, msg4 is used to confirm that the UE has been correctly identified and that the TC-RNTI can be used as a C-RNTI. Collisions could occur when more than one UE selects the same preamble which leads to payload transmission on the same resources. If within a specified time window, a UE did not receive any acknowledgment in Msg4, the UE restarts the RACH procedure from the step 1.
 
3. SIGNAL STRUCTURE DESIGN CONSIDERATIONS
In this section, we highlight some design considerations regarding the signal structure design of msgA in 2-Step RACH. 2-Step RACH aims to reduce the number of messages exchanged between gNB and UE from four to two. As instructed by RANP [2], the 2-step RACH shall be able to operate regardless of whether the UE has valid TA or not, and applicable to any cell size supported in Rel-15 NR. Moreover, the 2-step RACH should be applicable for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE states.

Figure 1 illustrates the starting point for the signal structure design of msgA and msgB. For msgA, preamble and payload are jointly sent as the first step of the process. RANP has provided the following guidance for design of the msgA [2];
· Preamble and payload are multiplexed in time
· Preamble design relies on existing design/sequences supported inRel-15
· Payload transmission (PUSCH and DMRS) follows format and procedures supported in Rel-15
design elements such as existing preamble sequences, PUSCH, and DMRS. 

As specified in the WID, msg1 and msg3 are sent together in the first step as msgA. The gNB’s reply in msgB performs the function of acknowledgment and contention resolution in case of collisions. 
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Figure 1


Compared to legacy RACH, msgA must be able to perform the same function as msg1 (preamble) and msg3 (payload) prior to any response from the gNB. Thus, msgA should serve two purposes: identification of the UE and transmission configuration for the payload. Firstly, it provides identification to the gNB about the UE initiating the RACH. Without identification, the gNB cannot establish a connection for further message exchanges with the UE.  Secondly, it also serves the purpose of providing configuration details about the payload. In legacy operation, this was entirely handled by the gNB; however, msgA contains the payload and it precedes any feedback from the gNB. 

According to the guidelines, preamble and payload are multiplexed together in time, as such, gNB always receives the preamble before the payload. Therefore, it can be appreciated that processing of msgA, itself, it is composed of two steps. First, the gNB detects the preamble and the result of the detection that may include some of transmission configuration parameters, such as UE or UE group ID, are known prior to detecting the payload part of msgA. Therefore, payload processing is linked to the preamble detection part of msgA. Depending on whether preamble detection was successful or not, the gNB handles the processing of the payload part differently. Since in Rel-15, PUSCH scrambling is based on UE ID, to allow payload decoding of msgA, the scrambling details should be known to gNB. Therefore, to enable efficient decoding of the payload, the preamble selection should be linked to the payload basic transmission parameters such as UE ID.

Proposal 1: Preamble selection should be linked to the payload basic transmission parameters, such as UE ID.

 Even though msgA is one entity, it consists of two separate parts with separate configurations. While a linkage should exist between some of transmission configuration parameters of the preamble and the PUSCH payload, the resource utilization in frequency could be different. The main motivation for having such flexibility is to reduce potential collision between payloads of msgA of 2-Step RACH transmissions of different UEs. For example, as shown in Figure 2, the mapping of PUSCH resources may not occur in the same RB range as the preamble resources. The mapping of PUSCH resources may be independent of or a function of preamble resources in frequency. Such design provision supports more collision free opportunities for PUSCH payload that does not have the same inherit protection against collision as the preamble part.

Proposal 2: To reduce collision of PUSCH payloads, frequency resource utilization of preamble and PUSCH can be different. 
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With regards to the PUSCH resources, it is conceivable that the PRBs for the payload transmission of msgA are selected by the UE. For example, a randomly selected preamble maps to a set of PRBs or the PRBs are selected independently. The current assumption also suggests that the resources will be shared between multiple users. There are however different alternatives on what kind of transmission are available to the UE on the shared resources.
 
As mentioned earlier, payload transmission shall rely on Rel-15 NR PUSCH and DMRS design. In 2-Step RACH, the UE chooses resources for the payload without initiating a scheduling request. In legacy RACH, resource assignment is communicated by the gNB to the UE through a RAR grant sent during msg2. The contents of the RAR grant field include frequency hopping flag, time and frequency resource allocation, MCS, TPC command, and CSI request. The UE should be able to communicate with msgA all details required for decoding the payload portion of msgA. In other words, the UE is not required to first receive a resource assignment from the gNB in a DCI format 1_0 scrambled with the RACH before it can transmit its payload as was the case in legacy RACH. The transmission configuration could be implicitly communicated through the mapping between preamble and PUSCH resources or it could be explicitly signalled in msgA. 

Proposal 3: Study payload transmission without explicit indication of transmission configuration parameters.

With regards to msgB, based on the preliminary structure, it contains the contents of legacy msg2 and msg4. msgB is communicated to the UE after decoding msgA. Several alternatives are possible depending on the gNB’s behaviour after preamble and payload detection. There is much flexibility in the different alternatives that can be considered.  From the gNB’s point of view, both preamble and payload are received by the time gNB is ready to send msgB. Additionally, msgA’s structure contains separate parts (preamble and payload) which can independently generate different outcomes. For example, in one situation the preamble is correctly received at the gNB but the payload is erroneously detected. One alternative is to reply with a detailed response to let the UE know explicitly the results of preamble and payload detection. This provides all the information needed by the UE to adjust its further retransmissions. In the case when preamble detection fails, feedback information about the payload could be considered unnecessary overhead. The UE can implicitly determine that a failed preamble detection also means a failed payload detection. msgB’s content could be made highly flexible to address many alternatives. Therefore, the contents of msgB could be addressing the entire msgA or parts of it only. In our companion contribution [3], we discuss more aspects of UE behaviour in relation to msgB.


4. Conclusions 
In this contribution, we discussed signal design considerations related mainly to msgA. We also briefly discussed aspects related to msgB in 2-Step RACH. Based on the provided discussion, following proposals are made,

Proposal 1: Preamble selection should be linked to the payload basic transmission parameters, such as UE ID.

Proposal 2: To reduce collision of PUSCH payloads, frequency resource utilization of preamble and PUSCH can be different.
 
Proposal 3: Study payload transmission without explicit indication of transmission configuration parameters.
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