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1 Introduction
For NR RACH procedures, it was agreed in the RAN1#86 meeting that, 
· 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)

· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including

· Non Rx/Tx reciprocity at BS or UE

· Full or partial Rx/Tx reciprocity at BS or UE

· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 

· RACH resource is obtained by UE from detected DL broadcast channels/signals
· FFS: Details on association

· Other mechanism w/o association is also considered

· Multiple occasions for RACH preamble transmission in a given time interval are considered

· Details are FFS

· Other mechanism is not precluded

· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals

In this contribution, taking into account the multi-beam based properties adopted in NR, we discuss NR RACH in terms of preamble design, resource mapping, procedures, as well as RACH reception/RAR transmission and SS transmission among different TRPs/beams, respectively.
2 Discussion on RACH for NR
2.1 Preamble Design Considerations
The RACH preamble design should consider detection performance in various scenarios like low/high frequency, low/high UE mobility, etc.. For single-beam based approach applicable for low frequency or low UE mobility scenario, the RACH preambles (i.e., Format I)  in LTE could be reused to meet the similar requirements on NR.  However, for multi-beam based approach applicable for high carrier frequency or high UE mobility, an additional RACH preamble format (i.e., Format II) that is friendly to multi-beam sweeping should be studied to improve the detection performance. The multiplexing of preamble Format I and Format II could be FDM and/or TDM. Two examples of these two formats are shown in Figure. 1 as below.
The first example is shown in Figure 1 (on the left). UE monitors the TRP DL sweeping beams via wide beams to reduce the beam acquisition time, and finds that TRP beam 3 is the candidate beam for communication with the corresponding UE wide beam α. When the TRP use the beam 3 for RACH reception, UE could transmit on subband 2 with consecutive random access resources and perform UL UE beam refining. The preamble (Format II) transmitted in Subband 2 by each UE beam has larger subcarrier spacing than the preamble (Format I) transmitted in Subband 1, where only one UE UL transmit beam is used for the whole resource of the Format I preamble. Subband 1 could be utilized to transmit the RACH preamble by the UEs which is associate with DL synchronization beam. Subband 2 could use different numerology from subband 1 to enable the UL beam refining.  In this case, format I and II preambles are FDMed.
Another example of this multiple types of RACH formats is used for the UEs with high velocity, as illustrated in Figure 1 (on the right). When the TRP receives RACH preamble with several narrow beams, the UE with high velocity will span across multiple beams within a RACH transmission interval. In this case, format I preamble is not suitable for this scenario as it only supports one receiving beam for the preamble detection. Format II preamble that contains multiple concatenated preamble sequences with larger subcarrier spacing can be used to support the detection over multiple beams. The detected signal with multiple beams can be combined to enhance the received SNR. In this case, Format I and II preambles are TDMed.
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Figure. 1
PRACH resouce and format for multiple beam sweeping
Proposal 1:  NR should study multiple RACH formats to support multiple beam sweeping methods.
2.2 RACH Procedures for Single/Multi-Beam Based Approaches
For single-beam based approach, the traditional 4-step RACH procedures could be reused to acquire the UE ID, the timing advance command and contention resolution.  A simplified RACH procedure for UEs after acquiring its UE ID is provides in [4].
In this section, we provide the 4-step RACH procedures for multi-beam based approaches, as shown in Figure. 2. 
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Figure. 2
Random access for multi-beam based approach
Proposal 2:  Support basic 4-step RACH procedure in NR as a starting point.
2.3 Channel (or Resource Mapping) Design
For single-beam based approach, both the resources of Synchronization Channel (SCH) and Random Access Channel (RACH) could be predefined, which can be taken as an association between the SCH resource and RACH resource. 
For multi-beam based approach, based on the DL/UL reciprocity, UE can acquire the preferred DL and UL beam pair from the DL synchronization procedure. The TRP sweeps its receiving beams to receive the preambles.  Supposing the TRP sweeps its receiving beams in the same order of DL beams to transmit SS and each beam corresponds to an occasion on the DL/UL resource, UE can just transmit its preamble with the preferred UL beam at the resource corresponding to the receiving beam of TRP, as shown in Figure. 3.  The multiple resources of RACH preamble transmission could be allocated in a consecutive way as Format 1 or a non-consecutive way as Format 2.
The association between the  resource of RACH preamble transmission on the UL and the resource of SS transmission on the DL could be predefined or signaled through the system information (SI).
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(a) Format 1
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Figure. 3 
PRACH design for multi-beam based approach
However, when there is no reciprocity between the DL transmission beam and the UL reception beam at a TRP, it is necessary to introduce an UL reception beam search procedure by repeating a RACH preamble transmission from different beams.
Proposal 3: Support the association between the resource of RACH preamble transmission and the resource of SS transmission.
2.4 RACH reception/RAR Transmission and Synchronization Signal Transmission 
After a UE obtains synchronization and decodes necessary system information, the next step is to transmit beam-formed RACH. One method for transmitting the beam-formed RACH (as explained above in section 2.3) is that the UE transmits its beam-formed RACH in the direction associated with the strongest received synchronization beams and the known TRP receiver timing associated for the chosen beam-formed direction. Other methods are of course possible.

Once the beam-formed RACH has been received by at least one of the TRPs, the network may decide to transmit a RAR response in a different beam direction and /or from a different TRP, to the one in which the UE has established downlink synchronization.

Such a situation may be useful, if the network has knowledge that other beams or TRPs would better serve the UE, or if the network decides to set-up multi-point connectivity from a set of beams and/or TRPs. For this case, the UE would need to sweep in all directions to receive the RARs response and subsequent communication may start in these new beam-directions.

Proposal 3: Scenarios and respective procedures for transmitting RARs from TRPs which are different to the TRP with which the UE has obtained downlink synchronization need to be studied. 

3 Conclusion
In this contribution, we discuss the RACH preamble, channel design and procedures taking the multi-beam based approaches into account. We propose that
Proposal 1: NR should study multiple RACH formats to support multiple beam sweeping methods.
Proposal 2:  Support basic 4-step RACH procedure in NR as a starting point.
Proposal 3: Support the association between the resource of RACH preamble transmission and the resource of SS transmission.
Proposal 3: Scenarios and respective procedures for transmitting RARs from TRPs which are different to the TRP with which the UE has obtained downlink synchronization need to be studied. 
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