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1 Introduction

It was agreed at the RAN1 #86 meeting that a 4-step NR random access (RA) procedure, similar to LTE, shall at least be assumed from RAN1 perspective. In addition RAN1 is currently investigating a simplified 2-step RACH procedure to reduce latency and signalling overhead associated with random access. This contribution discusses use cases and design considerations for a simplified RA procedure. 
2 Discussion
2.1 Applicable scenarios for simplified RACH

A simplified RACH procedure may be beneficial to reduce the latency and signaling overhead incurred in a 4-step RACH procedure. Another possible benefit is the potential reduction in a device’s energy consumption by eliminating some steps in the RACH procedure. Some applicable scenarios that have been previously mentioned include:

· A recently introduced RAN controlled INACTIVE state, wherein UE context is preserved at both the UE and at least one gNB [1]. This may support fast and efficient transmission of small data packets without incurring the signaling overhead inherent to a 4-step RACH procedure. 
· A UE not needing a time advance (e.g. UE is UL time-synchronized or small cell scenario where TA step size is larger than the required TA command) but needs to request UL resources for grant-based UL transmission. 

· Operation in an unlicensed cell where a shorter RACH procedure may reduce overall latency involved in grant-based UL transmission.
For these enumerated use cases, the UE has an RRC connection (ACTIVE or INACTIVE), i.e. some UE context is available at the UE and at the network. If initial state transition from IDLE to RRC_CONNECTED is also envisioned, it raises the question of why a 4-step procedure was agreed if the 2-step procedure can be performed in all use cases.

Observation: the envisioned use cases for a simplified RACH procedure do not include IDLE to RRC_CONNECTED state transition

2.2 Design considerations

The first UL message of a simplified RACH procedure would contain the RACH preamble and a L2 data packet. Assuming that the UE is RRC connected (ACTIVE or INACTIVE states), the data payload may contain a UEID to identify the UE at the gNB and enable contention resolution in the second RA step. Figure 1 highlights the comparison between the baseline and simplified RA procedures.  It can be observed that Msg1 in the 2-step scheme may also contain a L2/L3 message such as a scheduling request or small data packet.
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Figure 1 Comparison of (a) 4-step and (b) 2-step RA procedures
Essentially Msg3 of Figure 1(a) is piggybacked onto the preamble for Msg1 transmission in Figure 1(b). If the preamble detector performs a cross-correlation as in LTE, this extended Msg1 transmission may increase the false alarm probability and/or increase the missed detection error probability. Although this simplified scheme bears some similarity to UMTS RACH [2], it should be noted that time and frequency offset errors are not as critical in single carrier CDMA systems compared to multicarrier systems such as OFDMA. A UMTS UE only needs to wait for a positive (1-bit) acquisition indicator in response to a preamble transmission before sending the associated RACH message on the PRACH, whereas the multi-carrier-based UE requires time and frequency offset corrections to avoid inter-carrier and inter-symbol interference. Furthermore, though the simplified procedure potentially reduces the RA latency, it increases PRACH processing complexity at the gNB. 
For multi-beam PRACH transmission it may seem that, compared to the 4-step scheme, a simplified RA procedure reduces the overall latency and device energy consumption, but this may not be the case if missed detection rate also increases. Furthermore, gNB processing complexity does not scale well for multi-beam transmission and increased cross-correlation complexity. 
Based on these considerations, a simplified RACH procedure should be complementary to a baseline 4-step RACH procedure. Consequently, a good design principle is to support a fallback mechanism to the baseline 4-step procedure. In addition, to minimize the specification impact of supporting two different schemes, it is preferable to strive for as much commonality as possible between both procedures. If the Idle to RRC_CONNECTED state transition event is considered for the simplified RACH procedure, performance comparisons are warranted in the envisioned deployment scenarios. 
Proposal 1: If introduced, a simplified RACH procedure 

· Should be complementary to a baseline 4-step RA procedure.

· Strive for as much commonality as possible with a baseline 4-step RA procedure

Based on this proposal we address several design considerations for the simplified scheme.

1) Multiplexing of preamble and data on Msg1: both TDM and FDM multiplexing may be considered. A possible example of TDM mapping is shown in Figure 2, where the self-contained subframe includes a   guard time which provisions for RA attempts close to a serving TRP and at cell edge. To support fallback, the same preamble sequence could be used for both 4-step and 2-step schemes, enabling separate preamble detection and data demodulation. The preamble may also serve as a phase reference for data demodulation. Alternatively, additional DMRS may be inserted within the data region. If the preamble is successfully detected but data demodulation fails, the gNB may signal a NACK in Msg2.  The drawback is an increase in detection error probability. Secondly, the total Msg1 duration including CP, preamble + data payload and guard time has to be dimensioned to fit into a PRACH time slot.
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Figure 2 Illustration of TD multiplexing of preamble + RACH data packet
2) UEID: an LS [3] was sent to RAN2 informing them about RAN1 discussions on applicable scenarios and the definition and choice of the UE identity. Pending feedback from RAN2, if the 2-step procedure is only applicable in the RRC_CONNECTED state, the UE should use the NR-RNTI assigned to it at initial access. Based on LTE parameterization, this would mean a 16-bit UEID field as part of the data packet on Msg1. Other UEID sizes could also be considered.
3) UE behavior: if 2-step and 4-step are configured in a cell, it is necessary to define which events trigger the 4-step or the 2-step procedure. 

Proposal 2: Further study is needed on preamble + data multiplexing in RACH Message1 transmission

3 Conclusion
In this contribution we discussed a simplified (2-step) RACH procedure. Given that the baseline 4-step RA procedure is already agreed, we propose that

· If introduced, a simplified RACH procedure 

· Should be complementary to a baseline 4-step RA procedure.

· Strive for as much commonality as possible with a baseline 4-step RA procedure

· Further study is needed on preamble + data multiplexing in RACH Message1 transmission
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