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Introduction
During RAN1 NR Adhoc #2, RAN1 captured the following agreements regarding RACH preamble design[1].
	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


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

Based on agreements, this contribution considers remaining details on PRACH preamble formats for long/short sequence length.
Discussion on RACH preamble formats for short sequence length
· 
Constant envelope: A sequence is generated by formula, it is in the form of . It means the amplitude of sequence is constant. So, Zadoff-chu sequence provides better PAPR performance compared to that of m-sequence. 
· Zero Autocorrelation: Correlation between a sequence using formula and another sequence generated by shifting the same sequence by Ncs(Ncs :1 ~ Nseq-1) become zero.
As the Zadoff-Chu sequence defined in LTE has good correlation properties and shows low PAPR, it can be reused in NR as well. Other sequences were proposed for capacity enhancements and high speed. However, for capacity enhancement, we can consider other options such as supporting option 2/4 or allocating different time/frequency resource if necessary. Also, Doppler effect can be mitigate to adopt relative larger SCS in preamble format. Thus it is unnecessary to adopt another sequence as a RACH preamble sequence considering complexity and feasibility.
Proposal 1: Considering good correlation properties and low PAPR characteristic, NR supports only Zadoff-chu sequence as a RACH preamble sequence. 
Figure 1 shows multiple preamble formats captured in [1] in 14-symbol slot. In this figure, two symbols from the beginning of slot are assumed for PDCCH and Guard interval. 	


Figure 1 Multiple preamble formats for short sequence length
First of all, we discuss format A and C. Format C was introduced to enhance coverage enhancement to format A. From the coverage aspect between format A0 and C0, C0 provides better coverage, but the duration of C0 and C1 cannot be aligned with data channel due to their symbol durations (1.5 symbol/2.5 symbol) as shown in figure 1. For example, figure 2 shows a detailed example when we assume two consecutive preamble occasions are configured. In this figure, when gNB perform FFT to second data symbol, format C0 interferes with data. For the case that gNB performs FFT to 3rd symbol, ICI happened due to format C1. It is because format C0 aligns across 3 symbols and format C1 aligns across 5 symbols while format A aims to align with every symbol. The advantage of format C compared to format A is to enhance coverage, but wide coverage could be provided from other preamble formats. From the smaller supportable number of preamble format perspective, format C is not preferred for preamble formats. 



Figure 2 Format A and C
Proposal 2: Preamble format C is not supported for preamble formats with short sequence length considering symbol boundary alignment. 
In figure 1, when we assume first two symbols are not used for RACH transmission, format A3 might be allocated across slots. And gNB can not allocated consecutive two A3 formats even in 14-symbol slot. When we use format A3, there are three usage case considering 14-symbol slot, as represented in figure 3. Considering UL/DL configuration, the RACH transmission should be done within the first slot or the second slot. Figure 3-(a) shows the PRACH mapping within first slot. Format A3 within the first slot should be allocated at the first symbol as the last OFDM symbol can be used as GT to avoid ISI to following data channel. Figure 3-(b) and (c) show cases when two preamble format occasions are considered during 14-symbol slot. 

 Figure 3 Three different allocations when format A3 is configured
Proposal 3: Preamble format should be aligned with symbol inside the first or the second slot in 14-symbol slot and should avoid cross-slot transmissions.
Figure 4 shows an example for two preamble format transmissions based on format ‘A’ and format ‘B’ 


Figure 4 RACH preamble format according to presence of GT

The usage of format B is to avoid ISI to following data symbol as GT is located at the end of preamble format. When two preamble formats are configured, the GT between two preamble format B may harm to data channel decoding. Therefore, it is preferable to locate format B at the end of slot. For the format A, when gNB scheduled data after RACH occasion, one-symbol guard interval between data and format A should be supported. Meanwhile, for the period that two PRACH formats are received, the last RACH occasion can be allocated for format B or one symbol-length guard interval can be inserted. Figure 5 shows and example for the usage scenario of both format A and B. From the coverage perspective, the combinations of format A provide wider coverage than other two cases. If format B is allocated at the end of slot, the whole coverage is limited due to relative short GT length.
Figure 5 Usage scenarios for format A and B
Proposal 4: It is preferred that a preamble based on format B is located at the end of the slot and avoid any resource wastage due to GT insertion. 
Next, we discuss the mapping of multiple PRACH preamble formats depending on the number of PDCCH symbols
· 1 symbol duration preamble format, A0/B0
· Format A0 and B0 are exactly same. So we propose to remove format B0. Format A0 can be sent anywhere inside slot and there will be no issues whether a slot is 7/14 symbols kwhile avoiding symbols needed for PDCCH scheduling. For 1 symbol preamble format, using format A0 is sufficient. 
· 2 symbol duration preamble format, A1/B1 
· As we discussed earlier, allocating format B at the end of slot is preferred to avoid resource wastage, we don’t see the usage scenario for using format B1. For 2 symbol preamble format, using format A1 is sufficient.
· 4 symbol duration preamble format,A2/ B2
· Format A2 is already agreed. Below table shows the candidate PRACH symbol mapping in a slot
	Slot type 
	Possible symbol mappings

	
	No PDCCH
	1 symbol PDCCH
	2 symbol PDCCH
	3 symbol PDCCH

	7 symbol slot
	No issue
	{2,3,4,5}, {3,4,5,6}* {9,10,11,12}, {10,11,12,13}*
	{3,4,5,6}*
{10,11,12,13}*
	No room

	14 symbol slot
	No issue
	No issue
	No issue
	No issue


*Note ‘*’denotes the mapping for only format B
· In 14 symbol slot, format A and B can be supported while avoiding symbols need for PDCCH scheduling or guard interval. In 7 symbol slot, format A can support only the case that 1 symbol PDCCH is scheduling. When we use format B, 1 or 2 symbol PDCCH scheduling can be supported. Although using format B2 may provide more TRP scheduling flexibility, the advantage seems not significant. When format A2 is allocated at the beginning of slot, it can act like B2 with more GT.
· 6 symbol duration preamble format, A3/B3
· As we described in figure 3, format A is allocated at the beginning of a slot when 7-symbol slot is configured. In 14-symbol slot, format A can be allocated at the first/second symbol index. Similar to t-symbol duration preamble format case, format A can act like format B according to its allocation.
Proposal 5: Confirm WA for remaining format A.  
Discussion on RACH preamble formats for long sequence length
The remaining discussion on RACH preamble formats for long sequence length is focused on the design of restricted sets for format 0 (1.25 kHz SCS) and format 3 (5 kHz SCS) below 6 GHz.
In LTE, two types of restricted sets have been designed for 1.25 kHz SCS, where type A restricted set is designed for maximum frequency offset as large as SCS (120~300 km/h UE speed), while type B restricted set is designed for maximum frequency offset as large as two times of SCS (>300 km/h UE speed). For format 0 in NR, the application scenarios are similar to those of LTE, and format 3 with larger SCS has been proposed to support the high-speed case (>300 km/h) instead of type B restricted set. In this case, type A restricted set is sufficient for 1.25 kHz SCS.
Observation 1:  For PRACH preamble format 0 (1.25 kHz SCS), type A restricted set is sufficient.
In NR, extreme high-speed case (e.g., 500 km/h UE speed) is supported. For the current evaluation assumptions of 0.05 ppm and 0.1 ppm CFO at TRP and UE respectively, the total frequency offset with 500 km/h UE speed would be 6.46 kHz at 6 GHz carrier frequency. Even if format 3 is adopted, the total frequency offset is still more than 1.2 times of the SCS. In addition, simulation results show that the miss detection performance of type B restricted outperforms that of type A restricted set under such conditions (refer to [2] for more detailed analysis and simulation results). Thus type B restricted set might be considered for format 3 in NR.
Observation 2:  For PRACH preamble format 3 (5 kHz SCS) under high-mobility scenario up to 500 km/h, type B restricted set might be considered.
Conclusions
In this contribution, Samsung’s view on remaining details on PRACH preamble formats are presented. The following proposals are made:
[bookmark: _GoBack]Proposal 1: Considering good correlation properties and low PAPR characteristic, NR supports only Zadoff-chu sequence as a RACH preamble sequence. 
Proposal 2: Preamble format C is not supported for preamble formats with short sequence length 
Proposal 3: Preamble format should be aligned with symbol inside the first or the second slot and should avoid cross-slot transmissions.
Proposal 4: It is preferred that a preamble based on format B is located at the end of slot and avoid any resource wastage due to GT insertion. Proposal 5: Confirm WA for remaining format A. 
Observation 1:  For PRACH preamble format 0 (1.25 kHz SCS), type A restricted set is sufficient.
Observation 2:  For PRACH preamble format 3 (5 kHz SCS) under high-mobility scenario up to 500 km/h, type B restricted set might be considered.
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