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Introduction
Random access is an important procedure in wireless communications. In NR, RAN2 agreed that one gNB could include one or several TRPs, and RAN1 introduced multiple numerologies and flexible bandwidth.
This contribution discusses how UE performs random access in NR considering agreements in RAN1 and RAN2, as well as requirements in NR.
Discussion
How to obtain RACH configuration
UE obtains RACH configuration by system information. The RACH configuration includes at least Msg1 (preamble) sequence information, PRACH resource configuration, and necessary RAR configuration.
We discuss options for acquiring the RACH-related SI in an NR cell and propose that it should be possible to initiate a Random access procedure at either cell-level (possibly including multiple TRPs) or TRP level, each procedure coming with its own parameters [1].
The numerology of PRACH and preamble design
In NR cell, a carrier could have sub-bands with different numerologies, the gNB indicates the UE through higher layer signaling of the numerology configuration. Different numerology is designed for different type of service or operation scenarios, such as high speed to maintain same QoS requirements in different operating bands and scenarios.
There are two options for the numerology of PRACH and preamble design considering the different numerologies in a cell and flexible NW and UE bandwidth.
Option 1: The PRACH numerology is same as the data numerology in the sub-band which contains the PRACH resource. Preamble design should consider current data numerology.
Option 1 increases the design complexity and the processing complexity in both NW and UE side. Meanwhile, no advantage of numerology dependent Msg1 is identified.
Option 2: The PRACH numerology and preamble design are independent to data numerology, and could have common design in the carrier including different numerologies,
In option 2, it’s easy to configure the PRACH resources and have common design for preamble sequence. 
RAN1 discussed reference numerology, and agreed that “A subframe duration is defined by the duration of x OFDM symbols given a reference numerology”, We think the reference numerology could be used as the basis for PRACH numerology and preamble design.
Proposal 1: The numerology of PRACH and preamble design should be independent of the numerology in sub-bands.
The numerology of RAR
RAR is a DL data scheduled by network. It’s reasonable for UE to use numerology of the sub-band accommodating the RAR. UE would identify numerology in the sub-bands by sync sequence or other numerology agnostic signaling.
Proposal 2: It is suggested to adopt the numerology of sub-band for RAR.
The sub-bands for PRACH and RAR
There are several options to determine the sub-bands for transmitting the PRACH and RAR.
Option 1: Msg1 and Msg2 are transmitted in a fixed sub-band.
Option 1 is suited to the cell level RACH configuration and SFN-transmitted RAR particularly. As shown in Figure 3, Msg1 and Msg2 are transmitted in sub-band 2 with 15 kHz subcarrier space. All UEs should be able to perform RA procedure in sub-band 2. NW could configure UE to operate on another sub-band after contention resolution. The PRACH resource for preamble transmission is independent of numerology for data transmission.

 
Figure 3 RA procedure in fixed sub-band

The advantages of option 1 are: 
1) UE doesn’t need to be aware of the multiple numerologies and operating band before initial access.
2) The defined sub-band should belong to minimum UE capability, and all UEs perform RA procedure in the same way.
The disadvantages of option 1 are: 
1) The overload of Msg1 and Msg2 is concentrated in part sub-band of NW carrier.
2) UE operating sub-band could be different to RACH sub-band.
3) If RACH sub-band is different to UE operating sub-band, Msg1 can’t be used as reference for UL TA and UL data channel quality.
4) The numerology for data transmission could be different to that in RACH sub-band.

Option 2: Msg1 is transmitted in a fixed sub-band, and Msg2 could be transmitted in another sub-band based on information in Msg1, such as preamble group.
An example of option 2 shown in Figure 4, Msg1 is transmitted in sub-band 2 only. The preambles are grouped according to the numerology UE expected or other factors. Upon received Msg1, NR cell should send Msg2 in the sub-band corresponding to the information in preamble group.
 
Figure 4 Msg1 in a fixed sub-band, Msg2 in any sub-band
The advantages of option 2 are: 
1) UE could work in its data operating sub-band immediately after Msg1.
2) UE doesn’t need to have the capability to decode two kinds of numerologies.
3) Msg1 can be used as reference for UL TA and UL data channel quality.
The disadvantages of option 2 are:
1) The overload of PRACH resource is concentrated in part sub-band of NW carrier.
2) UE operating sub-band could be different to PRACH sub-band.
3) As PRACH sub-band is different to UE operating sub-band, Msg1 can’t be used as reference for UL TA and UL data channel quality.

Option 3: Msg1 and Msg2 could be transmitted in any sub-band of NW carrier.
Option 3 is suited to the TRP level RACH configuration particularly. While UE accessing to a specific TRP, PRACH resources could be configured in any sub-band of the TRP. As shown in Figure 5, UE could transmit Msg1 and receive Msg2 in the same sub-band.
 
Figure 5  Msg1 and Msg2 in any sub-band
The advantages of option 3 are:
1) UE could work in the same sub-band for RA procedure and data transmission.
2)  UE doesn’t need to have the capability to decode two kinds of numerologies.
The disadvantages of option 3 are: 
1) NW should configure PRACH resource in every sub-band with different numerology.
2) UE has to be aware of the multiple numerologies prior to initial access.

All three options show some drawbacks in terms of UE complexity, system resource usage, complexity. Using common resources for Msg1 and Msg2 as in option 1 provides more flexibility of introducing new features and service involving RA procedure in the future. Therefore, for forward compatibility support, option 1 should be selected for the RA procedure. 

Proposal 3: It is proposed to discuss above options about sub-band configuration for Msg1 and Msg2.
Conclusion
In this contribution, the impacts of NR deployment and RAN1 design on random access procedure are discussed. And we propose that:
Proposal 1: The numerology of PRACH and preamble design should be independent of the numerology in sub-bands.
Proposal 2: It is suggested to adopt the numerology of sub-band for RAR, no extra consideration needed.
Proposal 3: It is proposed to discuss above options about sub-band configuration for Msg1 and Msg2.
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