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Introduction
In RAN1-NR#2 meeting, RACH preamble design was discussed with the following agreements:
	Agreements:
· Confirm the working assumption on supporting format 3
· For formats with L=839
· Unrestricted sets are supported
· For restricted sets
· 1.25 kHz: Restricted set A supported, Restricted set B is FFS
· 5 kHz: Restricted set is supported with FFS if Restricted set A, B or both are supported
· For L=127/139 with option 1, formats with 1,2,4,6, and 12 OFDM symbols are supported
· Discuss further until Friday actual format definitions with CP and GP (LGE)
· Number of symbols can be adjusted if problems are identified




NR supports the following PRACH preamble formats for the sequence length L = 839:
	Format
	L
	SCS(kHz)
	BW (MHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	Format

	0
	839
	1.25
	1.08
	1
	1
	24576
	3168
	2975
	LTE refarming

	1
	839
	1.25
	1.08
	2
	1
	2*24576
	21024
	21904
	Large cell, up to 100km

	3 (1ms)
	839
	5
	4.32
	4
	1
	4*6144
	3168
	2976
	High speed case

	4
(3.5ms)
	839
	1.25
	1.08
	4
	1
	4*24576
	4688
	4528
	Coverage enhancement



This contribution provides simulation result of restricted sets used for long preamble formats with L = 839.
Discussion
In high speed scenarios, robustness of PRACH preamble formats will be impacted by high Doppler spread. For instance, the Doppler spread could be up to 2.78 KHz under carrier frequency 6 GHz and relatively speed of 500km/h, and this value might be doubled for UL transmissions during initial access procedure. The distortion of cyclic shift for both SCS = 1.25 KHz and SCS = 5 KHz cases cannot be neglected. Therefore, in order to avoid performance degradation caused by side peaks, further discussion on which restricted set should be supported is necessary.
The performance gain of restricted set A and B for the four agreed RACH preamble formats are evaluated in this contribution. We compared the miss detection rate and the false alarm rate of different preamble formats with either restricted set or without restricted set. Some simulation parameters are shown in the figures below and more details are provided in Appendix.
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(a) False alarm rate                                (b) Miss detection rate
Figure 1 Performance of preamble format 0
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(a) False alarm rate                                (b) Miss detection rate
Figure 2 Performance of preamble format 1
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(a) False alarm rate                                (b) Miss detection rate
Figure 3 Performance of preamble format 3
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(a) False alarm rate                                (b) Miss detection rate
Figure 4 Performance of preamble format 4
As shown above, for long preamble formats with SCS = 1.25 KHz (i.e. format 0, 1, 4), the MDR performance gain of restricted set B compared with restricted set A is marginal or negative in interested SNR range, especially when N_OS>1 (i.e. format 1, 4). The reason is that the utilization of multiple RACH OFDM symbols enables symbol accumulation, which provides robust MDR performance even without restricted set. Only for format 0, obvious FAR performance gain of restricted set B can be observed.
Similarly, for long preamble formats with SCS = 5 KHz (i.e. format 3), the MDR performance gain of restricted set compared with unrestricted set is negative in interested SNR range even though FAR gain of restricted set B can be observed. 
[bookmark: _GoBack]Observation 1: For long preamble formats with SCS = 1.25 KHz, when restricted set B is introduced, no obvious MDR performance gain could be observed for all preamble formats and no obvious FAR performance gain could be observed for formats with N_OS>1.
Observation 2: For long preamble formats with SCS = 5 KHz, at least for formats with N_OS>1, the MDR performance is degraded after introducing restricted set.

Due to the impact on RACH capacity and detection complexity, introduction of restricted sets is unexpected unless significant gain of detection performance can be observed. Therefore we think at least support of restricted set B for format 1, 4 and support of any restricted sets for format 3 is unnecessary.
Proposal:
· For long preamble formats with SCS = 1.25 KHz, at least for preamble format 1 and 4, restricted set B is not supported; restricted set B can be supported by preamble format 0.
· For long preamble formats with SCS = 5 KHz, at least for preamble format 3, support of any restricted set is unnecessary.

Conclusion
This contribution discusses possible solutions of timing indication based on SS block with the following proposals:
Observation 1: For long preamble formats with SCS = 1.25 KHz, when restricted set B is introduced, no obvious MDR performance gain could be observed for all preamble formats and no obvious FAR performance gain could be observed for formats with N_OS>1.
Observation 2: For long preamble formats with SCS = 5 KHz, at least for formats with N_OS>1, the MDR performance is degraded after introducing restricted set.

Proposal:
· For long preamble formats with SCS = 1.25 KHz, at least for preamble format 1 and 4, restricted set B is not supported; restricted set B can be supported by preamble format 0.
· For long preamble formats with SCS = 5 KHz, at least for preamble format 3, support of any restricted set is unnecessary.
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Appendix
The detailed simulation parameters are listed in the table below:
	Carrier Frequency
	4 GHz

	Channel Model
	CDL-C 
· Delay scaling values of 100 ns 
· ASA = 30 degree, ASD = 5 degree, ZSA = 5 degree, ZSD = 1 degree 

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element

	Frequency Offset
	+/- 0.05 ppm at TRP ,  +/-0.1 ppm at UE

	UE speed
	500km/h 

	Initial timing Offset
	Timing uncertainty derived from cell radius 
· (e.g. for below 6 GHz, [-10us, +10us] for 3km cell radius)
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