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Introduction
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]During RAN1NR Ad-Hoc #2, RAN1 captured the following agreements and working assumptions regarding PRACH design:
Agreements:
· Confirm the working assumption on supporting format 3
[image: ]
· 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


This contribution considers the PRACH design in high-mobility scenario based on the above format 3. 

Discussion 

    In the previous meetings, Zadoff-Chu (ZC) sequence was agreed to be adopted for NR-PRACH. The -th root ZC sequence is given by 





[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK19]where  is the length of the ZC sequence. The random access preambles  with zero correlation zone (ZCZ) of length  are defined by cyclic shifts of ZC sequences




where  is the cyclic shift depending on .






[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]    In low mobility cell, for given values of and, it is possible to generate  preambles from the same root ZC sequence. In this case, smallercorresponds to smaller number of required root sequence in the cell. Thus this allows more disjoint preamble sets generated by different root sequences to be used in the network. However, the minimum value of  is determined by the cell radius, maximum delay spread, sequence duration and sequence length. Taking the number of generated preambles from a single root sequence and the cell coverage requirement into account, the unrestricted  set is designed accordingly.


In high-mobility cell, the value of  is restricted due to the influence of high Doppler frequency shifts and the number of preambles generated from a single root sequence is reduced. In particular, two types of  restricted sets have been designed for LTE/LTE-A, where type A restricted set is designed for maximum frequency offset as large as the subcarrier spacing (SCS) of PRACH and type B restricted set is designed for maximum frequency offset as large as two times of the SCS of PRACH. 
In NR, higher UE speed (e.g., 500 km/h) is supported. In this case, higher Doppler frequency can be expected. Besides, the nonlinear effect brought by the RF and analog part will also worsen the carrier frequency offset (CFO). Therefore, the frequency offset in NR is expected to be larger than that of LTE. Therefore, larger subcarrier spacing of PRACH has been considered for both below 6 GHz (5 kHz SCS, format 3) and above 6 GHz (at least 15 kHz SCS).








[bookmark: OLE_LINK12][bookmark: OLE_LINK56]Denote the PRACH subcarrier spacing as , as can be derived, frequency offset as large as  results in cyclic shifts  on the preamble sequence  in the time domain; frequency offset as large as  results in cyclic shifts  on the preamble sequence  in the time domain. In both cases, two clusters of false alarm peaks, located in the wrong detection windows (away from the correct detection window), could be observed from the received power delay profile (PDP). 









[bookmark: OLE_LINK63]In order to reduce the false alarm probability of preamble detection under the condition that the maximum frequency offset is as large as two times of the PRACH subcarrier spacing, correct and wrong detection windows are illustrated in Figure 1, where  denotes the correct detection window, , ,  and  denote the wrong detection windows corresponding to , , , and  frequency offsets, respectively. 


Fig. 1 Power delay profile of random access preamble detection

In addition, the following definitions are made:


, 


,




In the condition of line-of-sight (LOS), both sides of the frequency offset would occur. Thus the false alarm peaks would also appear in the wrong detection windows on both sides. For the design of restricted set, the following limitations should be considered.









(a) The four wrong detection windows (, , , ) of a cyclic shift sequence should overlap none of the detection windows (, , , , ) of other cyclic shift sequences.





[bookmark: OLE_LINK58][bookmark: OLE_LINK59](b) The four wrong detection windows (, , , ) of a cyclic shift sequence should not overlap the correct window () of the same cyclic shift sequence.




(c) The four wrong detection windows (, , , ) of a cyclic shift sequence should not overlap each other.
From the above limitation (b), the following conditions should be satisfied.


    From the above limitation (c), the following conditions should be satisfied.


Finally, the following condition is obtained.





[bookmark: OLE_LINK64][bookmark: OLE_LINK65]Once the cell radius is determined, the minimum value of  is determined, and the maximum value of  can be derived from the above conditions. In this case, type B restricted set that could support frequency offset should be re-designed.

Observation 1:  Limitations of cyclic shifts that support frequency offset as large as two times of the PRACH subcarrier spacing are given as follows.





[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In current simulation assumptions for NR-PRACH, the frequency offset is assumed to be 0.05 ppm and 0.1 ppm at TRP and UE, respectively. Based on this assumption, the CFO would be 0.9 kHz at 6 GHz carrier frequency. In addition, the Doppler frequency offsets at 6 GHz carrier frequency can be as large as  kHz, where v is the UE speed in unit of km/h. Hence in relatively high mobility case (e.g., km/h), the total frequency offset would be 6.46 kHz, which is more than 1.2 times of SCS when format 3 is adopted.

In order to deal with the high frequency offset in high-mobility scenario, the following 3 alternatives could be considered for NR-PRACH (the SCS of PRACH is defined as):
Alt. 1. Use ZC sequences with type A restricted set;
Alt. 2. Use ZC sequences with type B restricted set;
Alt. 3. Use ZC sequences with both type A and type B restricted sets.
For format 0, the application scenarios are quite similar to those of LTE/LTE-A. In addition, a new format 3 is proposed to support high-speed case (e.g., more than 300 km/h) instead of type B restricted set, thus the above Alt. 1 could be used for format 0 in NR.


Observation 2:  For PRACH preamble format 0 (), type A restricted set is sufficient.






For format 3, high-mobility scenarios (e.g., km/h) with carrier frequency of 6 GHz can be supported. Under such condition, the miss detection performances of both type A and type B restricted sets for format 3 are given in Fig. 2. For comparison, the performance of  is plotted as well. It is observed that in km/h and 6 Ghz scenario, the performance of  outperforms both type A and type B restricted sets. In fact, by applying  in high-mobility scenarios, the miss detection mainly comes from the interference of different root sequences, while by applying restricted sets, interference from both different root sequences and different sequences generated from the same root sequence could cause the miss detection. And in the case that restricted set is used for format 3 in high-speed scenario, the performance of type B is better than that of type A but the number of sequences generated from a single root sequence of type B is further restricted. Thus both type B restricted sets might be considered for format 3 in NR.
[image: ]
Fig. 2 Performance of miss detection for format 3 in high mobility scenario


Observation 3:  In the case of using restricted set for PRACH preamble format 3 () under high-mobility scenario up to 500 km/h, the type B restricted set outperforms the type A restricted set while the number of sequences generated from a single root sequence with type B restricted set is further restricted.

Observation 4:  For PRACH preamble format 3 () under high-mobility scenario up to 500 km/h, type B restricted set might be considered. 

Conclusions
This contribution considers PRACH design in high-mobility scenario. In particular, the following proposals and observations are proposed:
Observation 1: Limitations of cyclic shifts that support frequency offset as large as two times of the PRACH subcarrier spacing are given as follows.



Observation 2:  For PRACH preamble format 0 (), type A restricted set is sufficient.

Observation 3:  In the case of using restricted set for PRACH preamble format 3 () under high-mobility scenario up to 500 km/h, the type B restricted set outperforms the type A restricted set while the number of sequences generated from a single root sequence with type B restricted set is further restricted.

Observation 4:  For PRACH preamble format 3 () under high-mobility scenario up to 500 km/h, type B restricted set might be considered.
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Appendix
Table 1. Simulation assumption 
	Parameter
	Value

	Carrier frequency
	6 GHz

	Subcarrier spacing
	5 kHz

	CFO 
	+/- 0.05 ppm at TRP, +/-0.1 ppm at UE

	Channel model
	CDL-C with 100 ns delay spread

	Mobility
	500 km/h

	RACH sequence
	ZC-sequence with length 839

	Number of RACH preamble IDs 
	64

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

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