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1 Introduction
In RAN2#96, it was agreed that if the 2-step random access procedure is supported, it is configured by the network to be used in certain cases (procedures/services/radio condition, etc.) [1]. The configuration method (e.g. via dedicated or broadcast signaling) and the use cases are FFS. Further, in response to RAN1's request, RAN2 has sent an LS to RAN1 regarding the types and sizes of UE IDs to be included in Msg1 and the applicable scenarios [2]. In this contribution, we discuss design considerations for the 2-step RACH procedure, its related configuration, and applicable use cases.
2 Discussion
In RAN2#96, it was agreed that the LTE 4-step RACH procedure is to be taken as a baseline for NR, and a simplified 2-step NR RACH procedure shall be studied [1]. In a 4-step RACH procedure, the first two steps are intended to acquire an uplink timing alignment (TA) and a scheduling grant for Msg3. In scenarios where TA acquisition can be unnecessary, e.g. for UEs served by dense small cells of small radii or low mobility UEs with a TA value already obtained and persisted, the 2-step RACH procedure can be considered, as illustrated in Figure 1.  
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In this contribution, we discuss design considerations for a 2-step enhanced RACH (eRACH) procedure with focus on

the enhanced Msgl (eMsgl) transmission. |

ok

2 Discussion

It is agreed that a 4-step LTE-like RACH procedure is at least assumed for NR and a simplified 2-step NR RACH
procedure shall be studied. In the 4-step RACH procedure, the first two steps are intended to acquire an uplink timing
alignment (TA) and scheduling grant. In certain NR scenarios the TA acquisition can become unnecessary, for
example a dense small cell deployment and a 2-step RACH procedure as illustrated in Figure 1 can be considered.
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Figure 1: 4-step RACH procedure and 2-step RACH procedure

The 2-step RACH procedure can apply a Msg1 transmission (eMsg1) that includes both preamble and limited uplink data, and a Msg2 (eMsg2) transmission that includes RAR and limited downlink data (if available). For a NR UE with frequent uplink transmissions of small payload, the 2-step RACH procedure can be used to considerably reduce the latency and transmission overhead. Further, for a NR UE attempting access in unlicensed spectrum, the simplified procedure can be more efficient due to fewer listen-before-talk operations and the shorter latency needed to grab the channel.

Observation 1:
The 2-step RACH procedure is suitable for scenarios where TA acquisition is not required and low latency and transmission overhead is desired, compared to the 4-step RACH procedure.  

When the 2-step RACH procedure is applied in a scenario where uplink alignment is indeed required, the eMsg1 data part will probably not be received correctly due to the increased uplink interference. As per the agreements on the 2-step RA procedure in [1], the network can configure the usage of the 2-step RACH procedure. Depending of the cell deployment size or applicability of stored TA values, the configuration can be through broadcast or dedicated signaling. Since there is no need for a TA in a small cell TRP, broadcast signaling can be used to configure all UEs under its coverage to use a 2-step RACH procedure and transmit eMsg1 without using a TA. Such configuration can be provided in the system information for example, or in L1 control signaling used to initiate a RACH procedure for downlink data arrival. Conversely, in a cell of macro coverage, it may make sense to differentiate between UEs depending on whether they could use their stored TA value, e.g. as stationary or near stationary UEs -such as sensor UEs- could use persisted TA values. In such case, the gNB can use dedicated signaling to configure a subset of the UEs under its coverage to use a 2-step procedure.
Proposal 1:
The use of the 4-step vs. 2-step RACH procedure could be configured by the gNB through dedicated and/or broadcast signaling, depending on the use case. 
The 2-step RACH procedure is advantageous in terms of latency reduction, and it can be particularly applicable to the RRC_INACTIVE state, e.g. for small data transmission while remaining in the inactive state or for resuming a connection. Further, the 2-step RACH procedure can also be useful for UEs in RRC_CONNECTED, e.g. when performing a network initiated handover, or when the UE needs an UL grant quickly and there are no PUCCH resources available to send a scheduling request.
The use of the 2-step RACH procedure in IDLE mode is not as persuasive. Given the control plane latency requirement in NR is 10 ms, the latency target can be met using a 4-step procedure, especially when shorter TTI durations are used. Besides, for data transmission, a UE in IDLE must first establish an RRC connection then send a NAS service request, which are the real latency bottleneck. Furthermore, to support 2-step RA in IDLE mode, additional aspects have to be taken into account. For IDLE mode, eMsg2 will contain the RRCConnectionSetup message scheduled over RA-RNTI, since the UE has not been assigned a temporary RNTI yet. The same RA-RNTI is shared amongst all UEs transmitting preambles from the same PRACH resource set. Therefore, if multiple UEs transmit the same preamble simultaneously, eMsg2 would have to either multiplex the responses and messages for multiple UEs or only respond to a subset of the UEs, resulting in a tradeoff between coverage and capacity. Considering the limited use case for this mechanism, the additional complexity, and the fact that it can only be used in restricted deployment scenarios, we think that 2-step RACH for inactive is not applicable to IDLE mode.  

Proposal 2:
The 2-step RACH procedure is applicable for RRC_CONNECTED and RRC_INACTIVE states.
A contention resolution mechanism is supported for the 2-step RACH procedure (similar to the 4-step procedure), and therefore the UE ID needs to be included in eMSG1. The transmission method of this ID is dependent on RAN1’s design of eMsg1. The UE ID should uniquely identify the UE. For example, the C-RNTI (or equivalent for NR in RRC_CONNECTED) or the UE ID used in RRC_INACTIVE. If UEs perform contention-based 2-step RACH procedures in either RRC_CONNECTED or RRC_INACTIVE states using the same set of resources for eMSG1, their IDs must be unique; otherwise, the resources used in two states should be made distinct by the network.
Proposal 3: 
The UE includes its ID in eMSG1, associated with its state of operation (RRC_CONNECTED or RRC_INACTIVE).
An acknowledgement mechanism should be supported for transmission of data with eMSG1 (e.g. for data transmission while in RRC_INACTIVE). Such acknowledgement may be implicit based on reception of eMSG2, contained along with the contention resolution information (UE ID).

Proposal 4: 
The UE receives acknowledgement in eMSG2 for data transmission in eMSG1.

One aspect associated with the eMsg1 data part is collision handling. In this case, a fallback based on step 2 transmission content as shown in Figure 2 can be beneficiary. Multiple UEs in a small cell can select a 2-step RACH procedure and transmit eMsg1 using the same preamble. The collision can cause the network to detect the preambles but fail to decode data parts of the eMsg1 transmission from different UEs that interfere with each other.

When the network detects a preamble and fails to decode the data part, the network can transmit RAR instead of the eMsg2 transmission of the 2-step RACH procedure. The UE, upon decoding the RAR transmission, can fall back to 4-step procedure, then transmit Msg3 using the UL grant indicated in the RAR. In addition, the detected preamble ID can be included in the RAR.  
Proposal 5:
Fallback to 4-step RACH procedure is supported in case eMsg1 preamble is detected but the data part decoding fails. 
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RAN?2 regarding the LS [3] will provide further clarification on eMsgl data content. One issue associated with the
eMsgl data part is collision. Multiple UEs in a small cell can select 2-step RACH procedure and transmit eMsgl
using the same preamble. The collision can cause the network to detect the preambles but fail to decode data parts as
the data parts of different eMsgl transmissions interfere each other. In this case a fall-back based on step 2

transmission content as shown in Figure 2 can be beneficiary.
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Figure 2: Fall-back to 4-step RACH procedure following eMsg1 transmission
3 Conclusion

This contribution discusses design aspects of 2-step RACH procedure. The following observations are made:

Observation 1:
The 2-step RACH procedure is suitable for scenarios where TA acquisition is not required and low latency and transmission overhead is desired, compared to the 4-step RACH procedure.  

The proposals based on the discussions above are summarized below:
Proposal 1:
The use of the 4-step vs. 2-step RACH procedure could be configured by the gNB through dedicated and/or broadcast signaling, depending on the use case.
Proposal 2:
The 2-step RACH procedure is applicable for RRC_CONNECTED and RRC_INACTIVE states.

Proposal 3: 
The UE includes its ID in eMSG1, associated with its state of operation (RRC_CONNECTED or RRC_INACTIVE).
Proposal 4: 
The UE receives acknowledgement in eMSG2 for data transmission in eMSG1.

Proposal 5:
Fallback to 4-step RACH procedure is supported in case eMsg1 preamble is detected but the data part decoding fails. 
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