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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 solution for NR should reuse the main principles of the LTE design, but since a wider range of deployment scenarios is expected, as well as increased requirements on lean design, 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 Random Access Response (RAR) design is described in [2].
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Random access procedure
In LTE, a four-step approach is used for the random access procedure where, as described in section 2.1, the UE transmits message 3 having received a timing advance command in message two allowing message 3 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 the message 3, unless the system is applied in a cell with very small distance between UE and TRP. 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 as illustrated in Figure 1. First, the UE detects a synchronization signal (SS) and decodes the broadcasted system information, followed by transmitting a PRACH preamble in uplink. The transmission and reception point (TRP) replies with a random access response (RAR), and the UE transmits a message 3 in the uplink. 
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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 procedures need to be performed during the random access procedure, two by the UE and two by the TRP. This would significantly increase the delay in accessing the network, reducing the competiveness of NR systems in unlicensed spectrum.
Therefore, completing the initial access in only two steps should be considered:
· Step 1: UE sends random access preamble together with higher layer data such as RRC connection request on the UL after performing LBT;
· Step 2: The TRP sends random access response including UE identifier assignment, timing advance information, contention resolution 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 TRP transmits once on the DL to complete the proposed RA 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. 
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Relation between beamformed SS and PRACH configuration
If the TRP can identify which SS beamforming that was best for the UE, then the same beamforming can be used for transmitting RAR and subsequent DL transmissions. This is especially useful when the RAR beamforming cannot be based on reciprocity from PRACH reception. For example, FDD and scenarios with high interference levels should be further investigated regarding reciprocity. With beamformed SS and an association between best received SS and PRACH preamble or resource, the TRP receiving the PRACH preamble is informed about best received SS at the UE.
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The different SS can be identified in the UE be selecting different synchronization signals for different transmission timings of the SS.
Below, both options 1 and 2 are described for relation between SS and PRACH resources.
For option 1, an association between SS and PRACH resources is illustrated in Figure 2, which is similar to the proposal in [4]. Here, a timing is defined between each beamformed SS and a PRACH resource. This timing can be preconfigured or configured with broadcasted system information. The TRP can use the same beamforming as used when transmitting SS in the reception of PRACH. With analog beamforming in the receiver of the TRP, one beamforming can be evaluated for each PRACH resource. One drawback of this option 1 might be the association between the number of downlink and uplink beams. This solution thus seems to imply restrictions in relations between antenna designs in between transmitter and receiver in the TRP. Also, the overhead in number of PRACH resources might be large.
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Option 2 is illustrated in Figure 3. Here, a PRACH resource is defined which is common for several SS, and each SS also contains a PRACH transmission delay indication. This option 2 has lower resource overhead compared to option 1. Alternatively, with a design with similar PRACH resource overhead for option 1 and 2, a longer PRACH preamble can be transmitted with this option 2. An indication of which SS was best received in the UE can potentially be included by defining an association between SS signals and PRACH preambles. The UE then selects PRACH preamble based on which SS that was received. These SS might be distinguished by using different synchronization signals. 
An evaluation of several beamforming candidates might beneficial when detecting the PRACH preamble. With analog beamforming in the TRP, a switching between different beamforming’s during the PRACH preamble can be used. A PRACH format which enables beamforming during PRACH preamble reception is discussed in [1].
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Selection between option 1 and option 2 for PRACH resources is for further study. Also, a combination of option 1 and 2 can also be considered.
Conclusion
Based on the discussion in section 2 we propose the following:

Proposal 1	NR should support a four message random access  procedure in order to support larger distances between UE and TRP
Proposal 2	Study additional two step random access procedure to reduce the delay of accessing the network
Proposal 3	If synchronization signals are beamformed, an association between SS and PRACH preambles should be supported.
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