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1 Introduction
During RAN1#86bis meeting, the following agreements were made for new RAT (NR) random access related design [1]: 
Agreements:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
· FFS: Tx beam selection for RACH preamble transmission
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode

· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2

· UL grant in message 2 may indicate the transmission timing of message 3

· When Tx/Rx reciprocity is not available, the following could be further considered for at least UE in idle mode

· Whether or how to report DL Tx beam to gNB, e.g.,

· RACH preamble/resource
· Msg. 3

· Whether or how to indicate UL Tx beam to the UE, e.g., 

· RAR
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resources can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB
· NR supports multiple RACH preamble formats, including at least
· RACH preamble format with longer preamble length 

· RACH preamble format with shorter preamble length

· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)
· Multiple/repeated RACH preambles in a RACH resource is supported

· FFS: How to support single-beam and/or multi-beam operation
· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range
· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels
In this document, we discuss random access channel structure and random access procedure for an NR cell which is configured with multiple numerologies (i.e. subcarrier spacing).
2 Random access channel structure
A random access channel (RACH) should facilitate uplink synchronization. In LTE, a UE performs random access procedures upon arrival of uplink (UL) or downlink (DL) data (when uplink is not synchronized), handover, initial access, recovery from radio link failure, or the case that the UE is UL synchronized but no scheduling request (SR) resource is assigned. 
In NR, mixed numerology (i.e. multiple subcarrier spacings) can be employed for a given carrier bandwidth. Thus, NR physical random access channel (PRACH) structure needs to be designed with the following considerations: 
· Provide proper uplink synchronization accuracy for all subcarrier spacings configured in a cell.

· In LTE, transmission bandwidth for PRACH is limited within 6 resource blocks (1.08MHz) for all PRACH formats. This provides timing estimation accuracy approximately within ±0.5µs for 4.7µs cyclic prefix (CP) duration of data/control channels. However, 6RB PRACH bandwidth may not be sufficient to provide required timing estimation accuracy (e.g. within ±0.15µs) for synchronized uplink data/control reception with 60KHz subcarrier spacing and CP duration of 1.17µs.   
· The minimum PRACH bandwidth required to guarantee similar relative timing accuracy with respect to the symbol duration of data/control channels is dependent on the subcarrier spacing of data/control channels. 

· Allow UE-specific and application-specific preamble transmission duration and bandwidth. 

· If a cell supports 60KHz subcarrier spacing in addition to 15KHz subcarrier spacing for low latency communication and high speed UEs, UEs which are in good channel conditions (e.g. small path loss) and do support low-latency processing should be able to complete random access preamble transmission in short time upon arrival of delay-sensitive traffics.
· Avoid mandating an NR PRACH receiver to blindly detect preamble transmission duration and bandwidth, which may degrade preamble detection performance and increase PRACH receiver complexity.    

Taking into account the above aspects, it may be beneficial to allow multiple random access configurations for the cell, where each configuration defines PRACH resources and a PRACH format (i.e. preamble transmission duration, bandwidth, and PRACH subcarrier spacing). Each random access configuration is associated with at least one data/control channel numerology. Figure 1 illustrates configured PRACH resources for the cell which supports 15KHz and 60KHz subcarrier spacings. The cell is configured with two random access configurations, i.e. 1) Config.1: PRACH with 1.25KHz subcarrier spacing and 2) Config.2: PRACH with 5KHz subcarrier spacing. It is assumed that Config.1 is associated with 15KHz subcarrier spacing, and Config.2 is associated with  60KHz subcarrier spacing. 
Proposal 1: Allow multiple random access configurations for a cell, each of which defines PRACH resources, PRACH transmission duration and bandwidth, and PRACH subcarrier spacing.  

[image: image1.emf] 

Ts

Channel BW

Ts Ts Ts Ts

15KHz SC

Ts:  1  ms duration

Ts

15KHz SC

60KHz SC

60KHz SC

60KHz SC

15KHz SC

15KHz SC

15KHz SC

60KHz SC

PRACH with  1 .25KHz SC PRACH with  5KHz SC


Figure 1 Illustration of PRACH resources for the cell configured with 15KHz and 60KHz subcarrier spacings

3 Random access procedure

For contention-based random access, it may be better for a UE to select a suitable random access configuration and an associated data/control channel numerology initially based on a traffic type (e.g. based on latency requirement) of UL data, a UE speed, UE capabilities (e.g. UL transmit power limit, operating bandwidths), and DL path loss. For example, the UE selects a random access configuration with short transmission duration, if DL path loss is less than a threshold. The UE can implicitly indicate the suitable data/control channel numerology to a network by using the corresponding random access configuration.
For contention-free random access, the network is expected to be already aware of UE capability information in terms of supported numerology sets. Thus, the network can select a proper data/control channel numerology for the UE, considering a traffic type of newly arrived DL data and/or numerology configurations of a target cell (for the case of handover). Furthermore, the network can indicate a random access configuration associated with the selected data/control channel numerology to the UE. 

Proposal 2: Allow UE to select a suitable random access configuration out of the allowed multiple random access configurations for contention-based random access.

4 Summary

In summary, we propose the followings for random access channel structure and random procedure in NR:

· Proposal 1: Allow multiple random access configurations for a cell, each of which defines PRACH resources, PRACH transmission duration and bandwidth, and PRACH subcarrier spacing.  
· Proposal 2: Allow UE to select a suitable random access configuration out of the allowed multiple random access configurations for contention-based random access.
5 References
[1] “RAN1 Chairman’s Notes”, RAN1#86bis, Lisbon, Portugal, October 2016.
3

