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1	Introduction
During the NR Study Item, RAN1 has established requirements and scenarios for NR ‎[1] and has identified technology components that are needed to standardize the NR system ‎[2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
In this contribution, we discuss the remaining open points for the NR physical random access channel design. Specifically, we consider the following points:
· Support of restricted sets for PRACH preamble formats
· PRACH preamble formats with short sequence.
2	Discussion
2.1	Restricted set support
In RAN1#NR-AH2 ‎[3], the following agreement was made:
Agreements:
· 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





It was agreed that restricted set type A is supported for long sequence PRACH preamble formats with subcarrier spacing 1.25 KHz, and that restricted sets are supported for long sequence PRACH preamble format with subcarrier spacing 5 KHz. However, it is an open point whether RACH preamble formats with subcarrier spacing 1.25KHz should support restricted set type B, and which type(s) of restricted set should be supported by PRACH preamble formats with subcarrier spacing 5 KHz. Both points are addressed in this section.
The frequency offset of the PRACH signal at the base station receiver is the sum of the Doppler offset due to movement of the UE away from or towards the base station, and oscillator frequency inaccuracies at the UE and base station. The PRACH signal frequency offset causes additional correlation peaks to appear when the PRACH signal is correlated with a reference ZC sequence. The larger the frequency offset, the larger the amplitude of the additional correlation peaks, in addition more peaks start to appear with even larger frequency offset. To prevent the PRACH receiver from detecting false peaks, restricted RACH sets are used. The type of restricted RACH sets used depends on the maximum frequency offset. We consider the following:
· Unrestricted RACH sequences are used when the maximum frequency offset is less than 0.2 the subcarrier spacing.
· Type A restricted RACH sequences are used when the maximum frequency offset is more than 0.2 the subcarrier spacing and less than 1.2 the subcarrier spacing.
· Type B restricted RACH sequence are used when the maximum frequency offset is more than 1.2 the subcarrier spacing and less than 2.2 the subcarrier spacing.



[bookmark: _Ref489355102]Figure 1: RACH restricted set frequency range.

Figure 1 shows that there is a maximum frequency offset range over which PRACH preamble format with subcarrier spacing 1.25 KHz and using restricted set B, or PRACH preamble format with subcarrier spacing 5 KHz and using restricted set A can be used (e.g. approximately in the frequency RACH 2 to 3 KHz). Table 2 shows a comparison between the PRACH preamble formats given in Table 1. As can be seen from Table 2 (calculation details are in the appendix), Format 1 with restricted set Type B has better performance than Format 3 with restricted set Type A across all three categories used for comparison.

[bookmark: _Ref489864209]Table 1: RACH preamble formats considered in the analysis.
	
	Format 1
	Format 3

	Subcarrier spacing
	1.25 KHz
	5 KHz

	Number of RACH OFDM symbols
	2
	4

	CP Length
	21024 Ts
	3168 Ts



[bookmark: _Ref489864159]Table 2: Comparison between Format 1 with Type B RACH restricted sets and Format 3 with Type A RACH restricted sets.
	
	Format 1 with Type B
	Format 3 with Type A

	MCL
	147.7 dB
	144.7 dB

	Number of available RACH signatures
	Ncs = 38 (cell radius ~ 4.7 Km)
Available signatures = 662
	Ncs = 158 (cell radius ~4.9 Km)
Available signatures = 366

	
	Ncs = 18 (cell radius ~1.8 Km)
Available signatures = 1748
	Ncs = 68 (cell radius ~1.7 Km)
Available signatures = 1690

	Maximum cell radius
	18.8 Km
	7.7 Km



Observation 1: If the maximum frequency offset is such that both Format 1 (with 1.25 KHz SCS) with Type B restricted sets and Format 3 (with 5 KHz SCS) with Type A restricted sets can be used, Format 1 with Type B restricted sets has better MCL, more available signatures and can support a larger cell radius than Format 3 with Type A restricted sets.
Table 3 shows the dependency of a the frequency offset on the carrier frequency for a UE moving at a speed of 500 Km/hr. Based on the frequency offset dependence of the RACH restricted set usage shown in Figure 1, at least restricted set Type A should be used with Format 3 of Table 3 (SCS = 5 KHz). For high carrier frequencies approaching 6 GHz, we see a benefit in also supporting the type B restricted sets for format 3.
[bookmark: _Ref489867437]Table 3: Frequency offset dependence on carrier frequency and need for restricted sets with Format 3 of Table 2.
	
	Fc = 4 GHz
	Fc = 5 GHz
	Fc = 6 GHz

	Maximum round trip Doppler (V = 500 Km/hr) (KHz)
	3.7 KHz
	4.6 KHz
	5.6 KHz

	Oscillator frequency offset (0.05 ppm at gNB + 0.1 ppm at UE) (KHz)
	0.6
	0.75
	0.9

	Maximum frequency offset (KHz)
	4.3 KHz
	5.35 KHz
	6.5 KHz

	Restricted set need with Format 3
	Type A
	Type A
	Type B prefered



Proposal 1: For format 3 with subcarrier spacing 5 KHz, Type A restricted set is supported.
Observation 2: For high carrier frequencies approaching 6 GHz, and for UEs moving with high speeds approaching 500 Km/hr it is beneficial to support restricted set Type B with Format 3.

2.2	Short sequence RACH preamble format
In RAN1#NR-AH2 ‎[3], the following agreement was made:
Agreements:
· For 15 kHz subcarrier spacing,
· Agree on following preamble formats A2, A3, B4
· Working assumption on following preamble formats A0, A1, B0, B1, B2, B3, C0, C1
Preamble
format
# of 
Sequence
TCP
TSEQ
TGP
Path profile 
(Ts)
Path profile 
(us)
Maximum 
Cell radius
(meter)
Use case
A
0
1
144
2048
0
48 
1.56 
469
TA is already known or Very
 small cell

1
2
288
4096
0
96 
3.13 
938
Small cell

2
4
576
8192
0
144 
4.69 
2,109
Normal cell

3
6
864
12288
0
144 
4.69 
3,516
Normal cell
B
0
1
144
2048
0
48 
1.56 
469
TA is already known or Very
 small cell

1
2
192
4096
96
96 
3.13 
469
Small cell

2
4
360
8192
216
144 
4.69 
1,055
Normal cell

3
6
504
12288
360
144 
4.69 
1,758
Normal cell

4
12
936
24576
792
144 
4.69 
3,867
Normal cell
C
0
1
1240
2048
0
144
4.69
5300
Normal cell

1
2
1384
4096
0
144
4.69
6000
Normal cell
· Note 1: Unit is Ts, where Ts = 1/30.72MHz
· Note 2: PRACH preamble are aligned with OFDM symbol boundary for data with same numerology
· Note 3: Additional 16Ts for every 0.5ms should be included in TCP when RACH preamble is transmitted across 0.5ms boundary or from 0.5ms boundary
· Note 4: For format A, GP can be defined within the last RACH preamble among consecutively transmitted RACH preambles
· For 30/60/120 kHz subcarrier spacing, preamble format can be scaled according to subcarrier spacing. 
· Ts =1/(2*30720) ms for 30 kHz subcarrier spacing 
· Ts =1/(4*30720) ms for 60 kHz subcarrier spacing
· Ts =1/(8*30720) ms for 120 kHz subcarrier spacing
· Note that some of the formats may not be applicable to all subcarrier spacings

This agreement includes working assumption for the following formats: A0, A1, B0, B1, B2, B3, C0 and C1.  Formats A0 and A1, as well as formats B0 and B1 support very small cell radius (less than 470 meters with SCS=15 KHz and less than 60 meters with SCS=120 KHz). While formats C0 and C1 allow the support of larger cell radius.
Formats A0, A1, B0, B1, B2 and B3 allow for alignment between the PRACH preamble format and the data/control symbols. This can be useful for some deployment scenarios. Formats An (n=0 … 3) have no GP, this can lead to the PRACH preamble format interfering with the next if no gap symbol is inserted. While format Bm (m=0 … 4) has a gap at the end of the preamble format, thus avoiding interference between the PRACH preamble format and the following data/control symbol. Figure 2 shows two examples of PRACH preamble formats with 4 RACH OFDM symbols per preamble format. In the first example, there are three consecutive PRACH preamble formats, A2, followed by a one symbol gap and then UL data/control symbols. In the second example, there are two consecutive PRACH preamble formats, A2, followed by a PRACH preamble format, B2. UL data/control symbols directly follow format B2. In the second example, less symbols are allocated to PRACH, but preamble format B2 supports a smaller cell radius than preamble format A2.


[bookmark: _Ref490138305]Figure 2: Examples of consecutive PRACH preamble formats.

Given the different use cases of the different short sequence PRACH preamble formats, we would like to confirm the working assumption from the last meeting. Note that, as formats A0 and B0 are identical, there is no need to support format B0.

Proposal 2: Confirm the working assumption for short sequence PRACH preamble formats: A0, A1, B1, B2, B3, C0 and C1.
3	Conclusion
The following observations and proposal have been made regarding the support of restricted sets for long RACH sequences:
Observation 1: If the maximum frequency offset is such that both Format 1 (with 1.25 KHz SCS) with Type B restricted sets and Format 3 (with 5 KHz SCS) with Type A restricted sets can be used, Format 1 with Type B restricted sets has better MCL, more available signatures and can support a larger cell radius than Format 3 with Type A restricted sets.
Proposal 1: For format 3 with subcarrier spacing 5 KHz, Type A restricted set is supported.
Observation 2: For high carrier frequencies approaching 6 GHz, and for UEs moving with high speeds approaching 500 Km/hr it is beneficial to support restricted sets Type B with Format 3.
The following proposal has been made regarding the short RACH sequence preamble formats:
[bookmark: _GoBack]Proposal 2: Confirm the working assumption for short sequence PRACH preamble formats: A0, A1, B1, B2, B3, C0 and C1.
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Appendix
MCL calculation for RACH format 1 (SCS = 1.25 KHz and 2 RACH OFDM symbols) and RACH format 3 (SCS = 5 KHz and 3 RACH OFDM symbols) is given by:
	
	PRACH Format 1
	PRACH Format 3

	(1) UE Transmit power (dBm)
	23 dBm
	23 dB

	(2) Thermal Noise Density (dBm.Hz)
	-174 dBm/Hz
	-174 dBm/Hz

	(3) Receiver Noise Figure (dB)
	5 dB
	5 dB

	(4) Occupied BW (MHz)
	1.08 MHz
	4.32 MHz

	(5) Effective Noise power (dBm)
(2) + (3) + 10 log (10^6 * (4))
	-108.7 dBm
	-102.6 dBm

	(6) Required SINR (dB)
	-16 dB
	-19 dB

	(7) Receiver sensitivity (dBm)
(5) + (6)
	-124.7 dBm
	-121.6 dBm

	(8) MCL (dB)
(1) – (7)
	147.7 dB
	144.7 dB



Maximum cell radius calculation:
	
	PRACH Format 1 Type B
	PRACH Fomrat 3 Type A

	(1) Subcarrier spacing (KHz)
	1.25 KHz
	5 KHz

	(2) Maximum Ncs (from TS 36.211)
	137
	237

	(3) Delay spread (usec)
	5 usec
	5 usec

	(4) Maximum RTT (usec)
1000/(1) * (2)/839 – (3)
	125.6 usec
	51.5 usec

	(5) Cell Radius (Km)
(4) * speed of ligh / 2
	18.8 Km
	7.7 Km
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