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1 Introduction

Random access for an NR-U cell is needed in NR-U standalone mode, as well as in NR DC deployments. RAN2 agreed to support CBRA and CFRA in NR-U cells, and study necessary changes. RAN1 and RAN2 have also agreed to study 2-step random access for NR-U. Relevant RAN1 and RAN2 agreements are discussed in Appendices A and B. In this contribution, considerations on the 2-step RA procedure in NR-U are discussed. 
2 Discussion
In a 4-step RACH procedure, the first two steps are intended to acquire an uplink timing alignment (TA) and a scheduling grant. In certain NR-U scenarios, the TA acquisition may be unnecessary, for example in small cell deployment. A 2-step RACH procedure 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
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Figure 1: 4-step RACH procedure and 2-step RACH procedure

In a 2-step RACH procedure, a combined Msg1 transmission (eMsg1) consists of both a preamble and uplink data, while a combined Msg2 transmission (eMsg2) transmission can include RAR and downlink data.
Given preamble, RAR, Msg 3, or Msg 4 transmissions are subject to LBT, a 4-step random access procedure requires four independent LBT procedures, without considering retransmissions. Therefore, applying the 4-step RACH procedure to NR-U cells may cause unnecessary delays. Instead, a two-step RA procedure requires only two LBTs and is thus preferable from a latency perspective. 
Given LBT is applicable to PRACH transmissions in initial and non-initial access, the benefits of 2-step RACH are applicable to all RA types regardless of RRC state. It is therefore beneficial to consider 2-step RACH for all RACH types in unlicensed spectrum. RAN2 agreed that all random access triggers in TS 38.300 may be assumed applicable for 2-step CBRA. Exclusion of certain RACH types can be discussed later upon further study in the WI phase. Whether the network can configure or restrict the usage of the 2-step RACH for certain cases (e.g. procedures or radio condition) can further studied.
Proposal 1: 
2-step RACH procedure is applicable in RRC_IDLE, RRC_INACTIVE, and RRC_CONNECTED states. FFS: cases for which usage of 2-step RACH is restricted.
When 2-step RACH is applied in a scenario where uplink alignment is required, the data part of eMsg1 may not be received correctly due to the increased uplink interference caused by inter-UE uplink miss-synchronization. Network planning may require some cells to apply 4-step RACH, depending on cell size and other factors. Therefore, it is beneficial to configure applicability of 2-step RACH per cell. Given 2-step RACH is applicable to initial access, it is necessary to broadcast the essential parameters for 2-step RACH in SI. Configuration details, including which SIBs to consider, can be discussed in the WI phase.
Essential parameters in SI should include the PUSCH resources for the payload part of eMsg 1, along with any parameters necessary for the association between PUSCH and PRACH resources.
Proposal 2: 
Essential parameters for 2-step RACH are broadcast in the cell’s SI, including:
· PRACH resources and/or preambles applicable for 2-step RACH.

· An association between PRACH preambles/resources and PUSCH resources.
In certain conditions, it may be beneficial for the network to have the flexibility to indicate selection between 2-step and 4-step RA, e.g. in scenario where an uplink timing adjustment is necessary, even if 2-step RACH resources are broadcasted in SI.  It is therefore beneficial to support dynamic indication of the procedure type (2-step vs. 4-step RA) for a RA initiated by PDCCH order.
Proposal 3: 
For a RA initiated by PDCCH order, the UE may receive L1 signalling indicating the selection between 2-step or 4-step RA procedure.
Additional (or non-essential) parameters for 2-step RACH may consist of additional resources for 2-step RACH, which can be applicable to a specific UE or a group of UEs. It can be beneficial for the network to indicate additional PRACH and PUSCH resources for a subset of cell UEs, e.g. for time-aligned UEs or UEs not requiring a TA. Such resources can be used for non-initial access types of RA, for example.
Proposal 4: 
The UE may receive L1 signalling indicating additional PRACH and PUSCH resources for 2-step RACH.
3 2-step RACH procedure
A contention resolution mechanism shall be supported for the 2-step RACH procedure (similar to traditional 4-step), and therefore a UE ID needs to be included in eMsg 1. The UE ID should uniquely identify the UE. Details relating to what UE ID is included in eMsg 1 can be discussed in the WI phase.
In data payload part of eMsg1, the UE may include useful information that is typically carried in Msg 3, or any other information that is implied by PRACH resource or preamble selection in a typical NR random access procedure. For example, the eMsg 1 data payload may include a UE identity, an SSB identity, a BSR, or an indication of an UL resource type.

Proposal 5: 
A 2-step RACH procedure supports inclusion of a data payload part of the first message.
An acknowledgement mechanism should be supported for transmission of data with eMsg 1. Such acknowledgement may be provided in eMsg 2, along with the contention resolution information (the UE ID).

Proposal 6: 
The UE receives acknowledgement in the second message for data transmitted in the first message of a 2-step RACH procedure.
One aspect associated with the eMsg1 data part is collision handling. In this case a fall-back to 4-step RACH based on step 2 transmission content, as shown in Figure 2, is beneficiary.
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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

Multiple UEs in a small cell can select 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, but 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 resource indicated in the RAR. In addition, the detected preamble ID can be included in the RAR.  

Proposal 7:      The UE falls back to 4-step RACH procedure when it receives only a RAR in the second message. 
From the network’s perspective, a PRACH preamble/resource configured for 2-step RACH may also be applicable for a 4-step RACH. The network may have to decode for the data part on the associated PUSCH resource. If no data is successfully decoded on the associated PUSCH transmission, the network may transmit a regular RAR (Msg 2) on the PDCCH. If a preamble collision happens between a 2-step RA UE and 4-step RA UE, it can be up to the network to either address the UE ID (decoded from the PUSCH part of eMsg 1) using a eMsg2 transmission or to transmit a regular RAR. With this understanding, the PRACH resource space does not need to be partitioned for the specific use of 2-step RACH, thus maintaining the overall RACH capacity.
Proposal 8:      All PRACH resource (preambles, PRBs) are applicable for 4-step RACH, irrespective of whether or not 2-step RACH is configured on them.
4 Conclusion
This contribution discussed considerations for the 2-step RA procedure in NR-U. The following proposals are made:
Proposal 1: 
2-step RACH procedure is applicable in RRC_IDLE, RRC_INACTIVE, and RRC_CONNECTED states. FFS: cases for which usage of 2-step RACH is restricted.

Proposal 2: 
Essential parameters for 2-step RACH are broadcast in the cell’s SI, including:

· PRACH resources and/or preambles applicable for 2-step RACH.

· An association between PRACH preambles/resources and PUSCH resources.
Proposal 3: 
For a RA initiated by PDCCH order, the UE may receive L1 signalling indicating the selection between 2-step or 4-step RA procedure.

Proposal 4: 
The UE may receive L1 signalling indicating additional PRACH and PUSCH resources for 2-step RACH.

Proposal 5: 
A 2-step RACH procedure supports inclusion of a data payload part of the first message.
Proposal 6: 
The UE receives acknowledgement in the second message for data transmitted in the first message of a 2-step RACH procedure.
Proposal 7:      The UE falls back to 4-step RACH procedure when it receives only a RAR in the second message. 
Proposal 8:      All PRACH resource (preambles, PRBs) are applicable for 4-step RACH, irrespective of whether or not 2-step RACH is configured on them.
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Appendix A: Agreements on 2-Step RA procedure for NR-U

RAN1 Agreement:
The following modifications to initial access procedures are beneficial

· Modifications to initial access procedures considering limitations on access to the channel based on LBT

· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure

· Enhancement to 4-step RACH

· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure

· 2-step RACH potentially has benefit for channel access

RAN2 Agreements
1:
Both CBRA and CFRA are supported. Changes for NR-U operation will be studied

2:
4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress

3: 
We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U
· RAN2 assumes that all Random access triggers in 38.300 9.2.6 may be applicable for 2-step CBRA. 
Appendix B: Previous agreements on 2-step RACH in NR SI
During RAN1#86 the following was agreed:

Agreements:
· 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)

During RAN1#86bis the following is identified:
Agreements:
· RAN1 is studying and some companies see potential benefits of a simplified RACH procedure consisting of two main steps (Msg1 and Msg2) for UEs

· RAN1 has discussed the following: 

· The use of a UE identity in Msg 1

· Msg 2: RA response that is addressed to the UE identity in Msg 1

· FFS on the definition and choice of the UE identity

· FFS on the applicability scenarios of simplified RACH procedure 

During RAN2#96, the following was agreed:

Agreements

If 2 step RACH is supported:

1: The 2-step RACH resources are optionally configurable by the NW 

FFS whether it can be configured by broadcast and/or by dedicated signalling.

2: NW can configure/restrict the usage of the 2-step RACH for certain cases ( e.g. procedures/services/radio condition, etc) (FFS for which cases for which it is possible to configure/restrict the usage)

3
RAN2 expects a benefit in latency for the 2 step RACH procedure

4
From RAN2 point of view, the 2-step RACH procedure is not restricted to be used with certain UE ID size.

5
Can provide RAN1 with the different size of message size and UE ID size for the different scenarios in LTE. Indicate to RAN1 that for some use cases the UE ID only would not be sufficient. For NR we are still studying.
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