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Introduction
During RAN1 #90, RACH Preamble format for long/short sequence are agreed[1]. 
Agreements:
· For NR PRACH preamble L=839 with SCS = 1.25 kHz, Ncs restricted set type B is supported in addition to restricted set type A
· For NR PRACH preamble L=839 with SCS 5kHz, Ncs restricted set type A and type B are supported
· Preamble formats for PRACH with short sequence length support preamble formats A0, C0 and C2 in addition to the agreed formats A1, A2, A3, B1, B2, B3 and B4

This contribution discusses remaining details on PRACH formats. A discussion about RACH preamble format for capacity enhancement is included in [2].
Remaining details on PRACH formats
It was agreed that sequence length of 127 and 139 will be downselected as short sequence length. Following are well known features of pure ZC sequence.
· 
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. The reason why considering sequence length of 127 is to use ZC sequence with M-sequence covering. ZC sequence with M-sequence covering was proposed for capacity enhancements and high speed. However, for capacity enhancement, we need to discuss more whether or not RACH capacity enhancement is necessary first. Also, Doppler effect can be mitigate to adopt relative larger SCS in preamble format. One drawback of ZC sequence with M-sequence covering is PAPR issue. Thus it is unnecessary to adopt another sequence as a RACH preamble sequence considering complexity and feasibility.
Proposal 1: For PRACH formats for short sequence, ZC sequence with length of 139 can be reused 
Table 1 shows multiple preamble formats captured in [1].	
 Table 1 RACH preamble format for short sequence
	Preamble
Format
	# of seq.
	TCP
	TSEQ
	TGP
	Max cell(m)

	A
	0
	1
	144
	2048
	0
	469

	
	1
	2
	288
	4096
	0
	938

	
	2
	4
	576
	8192
	0
	2109

	
	3
	6
	864
	12288
	0
	3516

	B
	1
	2
	216
	4096
	72
	351

	
	2
	4
	360
	8192
	216
	1055

	
	3
	6
	504
	12288
	360
	1758

	
	4
	12
	936
	24576
	792
	3867

	C
	0
	1
	1240
	2048
	1096
	5300

	
	2
	4
	2048
	8192
	2916
	9200



Based on above table, 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 1. Considering UL/DL configuration, the RACH transmission should be done within the first slot or the second slot. Figure 1-(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 1-(b) and (c) show cases when two preamble format occasions are considered during 14-symbol slot. 

 Figure 1 Three different allocations when format A3 is configured
Proposal 2: Preamble format should be aligned with symbol inside the first or the second slot in 14-symbol slot and should avoid cross-slot transmissions.
As we can see in figure 1, format A3 can be transmitted at the beginning of slot and it can be transmitted after guard interval. It provides more flexibility to gNB scheduling when gNB configured the timing of a RACH preamble  format in a slot. Note that timing of a RACH preamble format in a slot also can be provided through association rule between SS blocks and RACH resources. 
Proposal 3: gNB can configure the symbol index for RACH preamble format transmission by RACH configuration.
Figure 2 shows an example for two preamble format transmissions based on format ‘A’ and format ‘B’ 


Figure 2 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 3 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 3 Usage scenarios for format A and B
Proposal 4: When supporting time multiplexing of preamble format A and B from different UEs, format B should be located at the end of the slot and avoid any resource wastage due to GT insertion. 


In RAN1 #90, Ncs set for long preamble format was discussed. Preambles are generated from root sequence and its cyclic shift where the number of cyclic shift values depends on the Ncs. Ncs is mainly decided by Cell radius,  where denote PRACH sample period, round trip delay, and maximum channel delay spread, respectively. From table 1, PRACH preamble format for short sequence length can provide up to around 1km when it uses SCS of 15kHz. If gNB want to provide wider cell coverage, one or multiple RACH symbols can be handled as additional CP to enhance coverage. However in this situation, the CP length can be larger than the actual preamble length, Ncs should be set to 0. Supporting Ncs=0 for preamble format with short sequence provides more flexible gNB scheduling. 
Proposal 5: Due to limited coverage of preamble format for short sequence, at least Ncs=0 for preamble formats with short sequence should be supported to provide flexible gNB scheduling. 
It was agreed that at least 64 preamble IDs are supported in NR. RACH capacity enhancement has been discussed since #87 meeting, we couldn’t conclude whether or not RACH capacity is necessary. That is, we are not sure how many RACH preamble IDs are needed in NR so far. Thus, same number of preamble IDs as LTE can supported if RACH capacity enhancement is unnecessary.
Proposal 6: 64 preamble IDs are supported in NR if RACH capacity enhancement is unnecessary. 
Conclusions
In this contribution, Samsung’s view on remaining details on PRACH preamble formats are presented. The following proposals are made:
Proposal 1: For PRACH formats for short sequence, ZC sequence with length of 139 can be reused.
Proposal 2: Preamble format should be aligned with symbol inside the first or the second slot in 14-symbol slot and should avoid cross-slot transmissions. 
Proposal 3: gNB can configure the symbol index for RACH preamble format transmission by RACH configuration.
Proposal 4: When supporting time multiplexing of preamble format A and B from different UEs, format B should be located at the end of the slot and avoid any resource wastage due to GT insertion. 
Proposal 5: Due to limited coverage of preamble format for short sequence, at least Ncs=0 for preamble length with short sequence should be supported to provide flexible gNB scheduling. 
Proposal 6: 64 preamble IDs are supported in NR if RACH capacity enhancement is unnecessary. 
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