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Introduction
Random access procedure is used for e.g. initial system access, transition from idle to active mode, and handovers. It is a critical part of an efficient cellular network design. 
The random access procedure for NR should reuse the main principles of the LTE design. However, since a wider range of deployment scenarios and also increased requirements on lean design are expected, some changes to the legacy procedures are necessary. In particular, PRACH transmission principles need refinement. 
Below, we discuss the requirements and high-level principles for random access procedure and its implications on PRACH transmission. Physical design of the PRACH preamble is described in [1] and[2].
A companion contribution in RAN2 is given in [6], where a fall-back to four step RACH procedure is discussed.
[bookmark: _Ref178064866]Discussion
Random access procedure
In LTE, a four-step approach [3] is used for the random access procedure, see Figure 1. In this approach, the UE detects a synchronization signal (SS) and decodes the broadcasted system information, followed by transmitting a PRACH preamble (message 1) in the uplink. The gNB replies with a RAR (Random Access Response, message 2). The UE then transmits a UE identification (message 3) on PUSCH. 
The UE transmits PUSCH (message 3) after receiving a timing advance command in the RAR, allowing PUSCH to be received with a timing accuracy within the cyclic prefix. Without this timing advance, a very large CP would be needed in order to be able to demodulate and detect PUSCH, unless the system is applied in a cell with very small distance between UE and eNB. Since NR will also support larger cells with a need for providing a timing advance to the UE the four-step approach is needed for random access procedure. 

[bookmark: _Ref458152610][bookmark: _Ref470181738]Figure 1. A four-step initial access procedure

For NR unlicensed operation, using the current four-step LTE random access procedure for initial network access would imply that up to four independent LBT (Listen Before Talk) procedures need to be performed during the random access procedure, two by the UE and two by the gNB. This would significantly increase the delay in accessing the network, reducing the competitiveness of NR systems in unlicensed spectrum.
Therefore, completing the initial access in only two steps as illustrated in Figure 2, should be considered:
· Step 1: UE sends random access preamble together with higher layer data such as RRC connection request possibly together with some small payload on PUSCH after performing LBT;
· Step 2: The gNB sends RAR including UE identifier assignment, timing advance information, and contention resolution message after performing LBT.
The two-step random access procedure for initial access requires up to two LBT procedures compared to four LBT steps for the current LTE initial access. The UE transmits once on the UL and the gNB transmits once on the DL to complete the proposed random access procedure. Such a two-step procedure might also be used for operation in small cells in licensed spectrum where UE transmission of data without timing advance from the network is possible. 


[bookmark: _Ref470181896]Figure 2. A two-step initial access procedure

Both four-step and two-step procedures are illustrated in Figure 3. Here, the PRACH and the NR-PUSCH denotes physical channels while RAR and CRM denotes the messages. The PRACH preamble design is identical in both procedures where details of this PRACH preamble are given in [1][4]. A discussion and proposals for physical design of RAR are given in  [2][3]. 
Both a UE identification and a small payload are transmitted on NR-PUSCH in the four-step approach where the uplink grant for this NR-PUSCH is included in the RAR. In the two-step approach, the NR-PUSCH is transmitted immediately after the PRACH preamble, but the physical design format for this NR-PUSCH should be identical in both the two-step and the four-step approach.

[bookmark: _Toc471126010][bookmark: _Toc470183245][bookmark: _Toc471126825][bookmark: _Toc471293576][bookmark: _Toc471293987][bookmark: _Toc471294443][bookmark: _Toc471372981]Same PRACH preamble construction for two and four step PRACH procedures
[bookmark: _Toc471126011][bookmark: _Toc471126826][bookmark: _Toc471293577][bookmark: _Toc471293988][bookmark: _Toc471294444][bookmark: _Toc471372982]Same NR-PUSCH construction for two and four step PRACH procedures 

In the two-step approach, the RAR and CRM (Contention Resolution Message) can be merged into the same transmission, as illustrated in Figure 3. Then this combined message might need a larger payload as compared to the RAR in the four-step approach.


[bookmark: _Ref470181995]Figure 3. Reusing PRACH preamble and NR-PUSCH constructions between two and four-step procedures

Collisions between PRACH preamble in the same time and frequency allocation are resolved by allocating orthogonal PRACH preamble sequences. With the two-step approach, orthogonality must also be ensured for NR-PUSCH. A mapping between PRACH preamble and resource allocation for NR-PUSCH might be used, as illustrated in Figure 4. 


[bookmark: _Ref470182937]Figure 4. Avoiding collisions for message 3 
Here, the UE selects one PRACH preamble out of a set of configured PRACH preambles. Then a fixed mapping can be used to specify an NR-PUSCH grant, including frequency allocation, for each choice of PRACH preamble. Two UEs would only have colliding NR-PUSCH if they select the same PRACH preamble.
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Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Same PRACH preamble construction for two and four step PRACH procedures
Proposal 2	Same NR-PUSCH construction for two and four step PRACH procedures
Proposal 3	Define a fixed time and frequency mapping between each PRACH preamble and a corresponding NR-PUSCH grant for the two-step PRACH procedure
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