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1 Introduction
During RAN1 NR Ad-Hoc meeting, the following agreements were made regarding new RAT (NR) physical random access channel (PRACH) numerology and a preamble sequence: 
Agreements:
· For down selection purpose, until the next meeting do evaluation of the following RACH SCS alternatives at least considering
· Robustness towards Doppler frequency, Beam sweeping latency, Link budget, Cell size, RACH capacity, frequency offset 
· RACH SCS alternatives
· SCS = [1.25 2.5 5 7.5 10 15 20 30 60 120 240] kHz
· Note: in case RACH SCS = [15 30 60 120 240] there are two design options:
· use the same SCS as the subsequent UL data and control 
· use different SCS than the subsequent UL data and control 
· The following RACH preamble sequence types are considered
· Zadoff-Chu
· M-sequence
· Zadoff-Chu with cover extension using M-sequence
· Note that new designs are not precluded in the future. 
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 Discussion
NR should be able to support UEs with various hardware capabilities (e.g. Tx/Rx bandwidth, processing time, and/or beamforming) and various services requiring different QoS (e.g. latency, reliability) requirements. Configuring multiple numerologies (i.e. subcarrier spacing) and TTIs in a given NR carrier is one way for a network to accommodate diverse traffics both from multiple UEs and from a given UE. 
It may be necessary to implicitly or explicitly indicate supported numerologies of data/control channels of a given cell to UE before UE’s cell selection or UE’s access attempt. For NR cell detection, UE uses default subcarrier spacing defined for NR synchronization signal (SS) and PBCH. Once UE detects an NR cell, UE will receive at least the minimum system information necessary to perform an access procedure, which includes PRACH and RACH configurations. If the detected NR cell is not configured with a data/control channel numerology that a given UE supports or that is suitable for arrived UL traffics, the UE may select a different cell.  

With potential multiple numerologies of data/control channels, NR PRACH structure needs to be designed with the following considerations: 
· Provide proper uplink synchronization accuracy for all subcarrier spacing 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/or 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 PRACH configurations for a given cell, where each configuration defines PRACH resources (i.e. time, frequency, and preamble) and a PRACH format (i.e. transmission duration and bandwidth, and subcarrier spacing). If the cell is configured with multiple numerologies for data/control channels, each PRACH configuration may provide a distinctive level of uplink timing synchronization accuracy. 
Figure 1 illustrates two different PRACH configurations and their respective delay before reception of random access response (RAR) messages. UEs close to a cell site may select PRACH config. 2 in Figure 1, which can save UE power consumption (i.e. by reducing transmission time by a factor of 4 and increasing transmission bandwidth by a factor of 2 compared to PRACH config. 1) and reduce random access related delay. gNB configures a cell with PRACH config.1 and PRACH config.2 of Figure 1 in order to potentially support UL data/control channels of 15 KHz and 30 KHz subcarrier spacing, respectively. 
Table 1 shows NR PRACH formats considering multiple numerology support for data/control channels. Employing PRACH SCS smaller than data/control channel SCS would allow longer preamble sequences and accordingly larger PRACH capacity (i.e. a larger number of preamble sequences) for a given time/frequency PRACH resource, compared to the case that PRACH SCS is same as data/control channel SCS. However, if small SCS for PRACH is subject to severe phase noise in high frequency bands (>6GHz), selecting PRACH SCS same as data/control channel SCS may be desired. If so, same design principle (using same SCS for PRACH and data/control channels) should be applied to all frequency bands, for common PRACH baseband processing irrespective of frequency bands.    
Table 1 NR PRACH formats considering multiple numerology support for data/control channels 
	
	PRACH formats for a frequency range below 6 GHz
	PRACH formats for a frequency range above 6 GHz

	PRACH SCS
	1.25 (15) KHz
	2.5 (30) KHz
	5 (60) KHz
	10 (120) KHz
	20 (240) KHz

	PRACH transmission BW
	1.08 MHz
	2.16 MHz
	4.32 MHz
	8.64MHz
	17.28 MHz

	PRACH transmission duration
	1, 2, and 3 ms
	0.5 and 1 ms
	0.25 and 0.5 ms
	0.125 and 0.25 ms
	0.0625 ms


Proposal 1: A network may configure more than one PRACH configurations (PRACH resource, transmission duration and bandwidth, and subcarrier spacing) for a given cell, if the cell is configured with multiple numerologies for data/control channels.  
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Figure 1 Illustration of different PRACH configurations and respective delay for RAR reception 
For contention-based random access, it may be better for a UE to select a suitable PRACH configuration and potentially 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, etc. For example, the UE selects a PRACH 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 PRACH 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 PRACH configuration suitable for the selected data/control channel numerology to the UE. 
Proposal 2: Allow UE to select a suitable PRACH configuration out of the allowed PRACH configurations for contention-based random access.
3 Summary

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

· Proposal 1: A network may configure more than one PRACH configurations (PRACH resource, transmission duration and bandwidth, and subcarrier spacing) for a given cell, if the cell is configured with multiple numerologies for data/control channels.  

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