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1. Introduction

In RAN1 NRAH#2, some specific details of PRACH preamble designs for NR were agreed as follows.
	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

· Number of symbols can be adjusted if problems are identified
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


In this document, we will discuss remaining preamble formats (A0, A1, B0, B1, B2, B3, C0, C1) for short preamble sequence. Next, we analyse whether the restricted set A and B are required or not respectively for short / long preamble sequence. Then, we analyse a problem caused by using short preamble sequence.

2. PRACH preamble 
2.1. Preamble format
RACH resources, especially within a slot can be reserved consecutively in time domain in NR. GT of a PRACH preamble format, which is located right before the CP of the following PRACH preamble format is not necessary since the CP of the following PRACH preamble format can be used as GT for the precedent PRACH preamble format. On the other hand, if other channels but PRACH are transmitted next to PRACH preamble transmission, the GT is necessary to protect the channels since length of CP of data channel is not long enough, in general. 
If the format B is used solely in spite of the continuous PRACH transmission, the time resources for GT are inefficiently consumed because next CP of RACH preamble is able to perform the role of GT. In addition, format B is originally proposed to save resources in order not to nullify symbol if other channels are transmitted. Therefore, NR should support using format A solely or combination with format B. When the combination of format A and B is used, the format B should be located at the end of format A. Based on the above mentioned, details on alignment within a slot are elaborated in Figure 1.
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Figure 1. PRACH preamble format and corresponding PRACH resource allocation

Observation 1: Using the Format B solely leads to inefficient usage of resources.

Proposal 1: NR should support using format A solely or combination with format B. when the combination of format A and B is used, the format B should be located at the end of format A.
In that case of format C, it is currently being discussed to cover larger areas than the maximum cell radius supported by formats A and B. Most drawback of the Format C is that RACH resources are not aligned with symbol boundary. In our view, RACH resources should be reserved with the symbol alignment with other channels, such as PUCCH and PUSCH, otherwise it causes UL scheduling restrictions. 

Proposal 2: RACH resources should be aligned with symbol boundaries of UL data/control. 
2.2. Restricted set
In the presence of the frequency offset
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, ZC sequences lose their zero auto-correlation property and it creates false alarm peaks or side peaks. As the frequency offset is closer to the PRACH SCS, the side peak increases as shown in Figure 2. 
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Figure 2. The ratio of the side peak to the desired peak with various frequency offset
Figure 2 shows the ratio of the side peak to the desired peak when the frequency offset is increased for a fixed root index. In LTE system, the restricted set of cyclic shifts for PRACH in Rel-8 (denoted by Set A) is defined to cover all preambles supporting target Doppler offsets of [-1.25 KHz, 1.25 KHz] i.e.,
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. In addition, the additional cyclic shift restriction (denoted by Set B) is presented for uplink Doppler frequency offset up to twice of the PRACH Subcarrier Spacing [-2.5KHz, +2.5KHz], i.e., 
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 [1]. In the following, we discuss the necessity for these cyclic shift restrictions for high-speed cell with short / long preamble sequences.
Large sequence length: 839 with SCS 1.25 kHz and 5 kHz
Table 1 provides the Doppler spread under different carrier frequency and speed of UE. Based on Table 1, the doppler spread changes from 5.56 Hz to 2.78 kHz according to carrier frequency and UE speed. As mentioned above, Unlike LTE system, NR system supports multiple SCSs simultaneously like a 1.25 kHz and 5 kHz. In case of the maximum doppler spread of 2.78 kHz, this amount of doffer spread approximately accounts for 55.6% of the SCS 5 kHz. In other words, Doppler frequency shift doesn’t exceed the range of 
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 so that the issue of detection ambiguity in [2] caused by using Set A no longer occurs. That is, for 5kHz SCS, having the restricted set A is enough to guarantee the performance without restricted set B configured. Additionally, since 1.25 kHz SCS with restricted set A is also enough to cover the doppler spread of 500km/h (2GHz), 1.25 / 5 kHz SCS with restricted set A are enough to cover from low speed to maximum high speed. Furthermore, in terms of efficiency and complexity of system, using set A only is also benefit. As a result, the restricted set B is not needed for high speed case.
Table 1. Doppler spread according to carrier frequency and UE speed

	
	Carrier frequency: 2GHz
	Carrier frequency: 4GHz
	Carrier frequency: 6GHz

	Velocity (km/h)
	Doppler spread (Hz)
	Coherence

Time(us)
	Doppler spread (Hz)
	Coherence

Time (us)
	Doppler spread (Hz)
	Coherence

Time (us)

	3
	5.56
	45542.08
	11.11
	22791.54
	16.67
	15189.8

	120
	222.22
	1139.47
	444.44
	569.73
	666.67
	379.81

	500
	925.93
	273.46
	1850
	136.87
	2780
	91.084


Observation 2: To maintain a high detection performance even for very high-speed UEs, the restricted set A is enough.
Proposal 3: PRACH preamble format with 1.25 / 5 kHz SCS, restricted set A is enough to cover from low speed to maximum high speed.
Short sequence length: 139 with SCS 15 kHz
Referring to Table 1 and Figure 2, in the situation of 6GHz (carrier frequency) and 500km/h, the maximum doppler spread size accounts for 18.5% of the 15 kHz SCS of PRACH. The side peak size is only 1/5 of the desired peak. It looks that the additional restricted set is not required for large SCS such as over 15 kHz. Therefore, restricted set is not required for preamble format with large SCS (i.e. 15kHz, 30kHz, 60kHz, and 120kHz).
Proposal 4: Restricted set is not required for PRACH preamble format with large SCS (i.e. 15kHz, 30kHz, 60kHz, and 120kHz).

2.3. Cyclic shift value
Long sequence based NR PRACH preamble format 0 and 1

In this chapter, we will discuss about cyclic shift set for preamble format which is agreed on previous meeting [3]. For preamble formats 0 and 1, since the length of the sequence and the SCS are the same as those of LTE, the previous cyclic shift set as in LTE (as shown in Table A1) can be reused identically.
Proposal 5: The cyclic shift set defined for LTE PRACH preamble can be applied for NR PRACH format 0 and 1.
Long sequence based NR PRACH preamble format 3
In case of format 3, since the cyclic shift set described in above cannot be reused due to different SCS, reconfiguration of cyclic shift set is need for format 3. The preamble format 3 is composed of CP (3168*Ts), Sequence (4*6144*Ts) and GP (2976*Ts) duration respectively, where the Ts represents sampling period. 
In case of format 3, since there is no change in sequence length, the way to simplify design the cyclic shift set might be using the reformed version of existing set which is configured in LTE. So, if we consider reciprocity for format 1 and 2, using a reformed version of previous cyclic shift set in LTE is the one way to design for the set of format 3. 

Observation 3: In case of format 3, since there is no change in sequence length, the one to simplify design the cyclic shift set might be using the reformed version of existing set which is configured in LTE.

Proposal 6: Using a reformed version of previous cyclic shift set in LTE is the one way to design for the set of format 3.
If designing with reformed version of the previous cyclic shift set for format 3, there are some issues as described below and further studies considering those are needed. Prior to investigate issues, as shown in below Table 2, configuration set for format 1&2 must be renewed according to changed sequence length related with maximum supported cell coverage. 
Table 2. Ncs for preamble generation in format3
	Zerocorrelation
ZoneConfig
	Sequence length: 839 / SCS: 5kHz

	
	Unrestricted
	Max.cell (km)
	Restricted
	Max.cell (km)

	0
	0
	-
	15
	0.27

	1
	13
	0.2
	18
	0.38

	2
	15
	0.27
	22
	0.52

	3
	18
	0.38
	26
	0.66

	4
	22
	0.52
	32
	0.88

	5
	26
	0.66
	38
	1.09

	6
	32
	0.88
	46
	1.38

	7
	38
	1.09
	55
	1.7

	8
	46
	1.38
	68
	2.16

	9
	59
	1.84
	82
	2.67

	10
	76
	2.45
	100
	3.31

	11
	93
	3.06
	128
	4.31

	12
	119
	3.99
	158
	5.38

	13
	167
	5.7
	202
	6.96

	14
	279
	9.71
	237
	8.21

	15
	419
	14.72
	
	


And then, the first issue to consider is how many configuration bits are needed. For example, if we use bits same as format 1&2 to represent zero-configuration zone (ZCZ), 4 configuration bits are needed. 
However, it seems that supporting maximum cell radius is too small when cyclic shift value is from 13(0.2km) to 46(1.38km). Thus, 3 configuration bits are might be needed to support cyclic shift value from 59(1.84km) to 419(14.72). 
That is, FFS is needed on how to quantize the cyclic shift set efficiently. Next, if the cyclic shift set and value are reused for restricted set, the largest cell coverage 8.21km (from 237 Ncs) of sequence itself is not enough to cover maximum cell coverage of CP (3168*Ts≈14.6 km). Further studies on whether additional set is necessary or not and how to configure the additional set are needed.
Proposal 7: If designing with reformed version of the previous cyclic shift set for format 3, there are some issues as described above and further studies considering those are needed.
Short sequence based NR PRACH preamble formats
For short sequence based NR PRACH preamble formats, it is necessary to further study on the design of the cyclic shift set considering the above problems as well as the relationship between multiple SCSs such as 30 / 60 / 120 / 240 kHz and removing unnecessary set.
Proposal 8: For short sequence based NR PRACH preamble formats, it is necessary to further study on the design of the cyclic shift set considering the above problems as well as the relationship between multiple SCSs such as 30 / 60 / 120 / 240 kHz and removing unnecessary set.
3. PRACH Orthogonal Code Sequence 

The larger SCS (i.e. 5 kHz), the greater the number of cyclic shifts is needed to cover the same cell radius. For example, in order to cover 3km in NR cell, CS would be set to 26 with 1.25kHz SCS, and 26x4=84 with 5kHz SCS. Therefore, 8 root sequences should be allocated in order to provide 64 preamble sequences per RACH resource like LTE system. It means that RACH preamble format 3 might experience higher inter-sequence interference due to high cross correlation than before. There are various methods to enhance RACH performance with improving capacity (number of available preamble). We discuss OCS to improve capacity enhancement as one example and it is described in our companion document [4] in detail. Figure 3 shows the detection performance with or without OCS / coherent detection respectively. The simulation crucial environment is described in Table A2. 
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Figure 3. Missed PRACH performance with or without OCC and coherent detection
As shown in figure 3, the detection performance does not increase beyond a certain level after a certain point due to the number of root codes selected from each user and it makes cross-correlation high. From this result, we know the false alarm probability also increases. Therefore, the threshold for detection error probability needs to be adjusted to false alarm probability for without OCS. On the other hand, in the presence of OCS, there is no need to be changed in threshold. As a result, detection performance with OCS is better than performance without OCS. That is, an additional method such as OCS should be considered to solve the problem of reduction of detection performance caused by using short PRACH. 
Observation 4: In high SNR scenario, the detection performance does not increase beyond a certain level after a certain point due to the number of root codes selected from each user and it makes cross-correlation high.
Proposal 9: An additional method such as OCS should be considered to solve the problem of reduction of detection performance caused by using short PRACH.
4. Conclusion
In this contribution, we discussed on remaining preamble formats for short preamble sequence, restricted set A&B. Also, we observed the detection performance of long sequence based PRACH preamble format 3. As a conclusion, we summary our observations and proposals as follow:

Observation 1: Using the Format B solely leads to inefficient usage of resources.
Observation 2: To maintain a high detection performance even for very high-speed UEs, the restricted set A is enough.
Observation 3: In case of format 3, since there is no change in sequence length, the one to simplify design the cyclic shift set might be using the reformed version of existing set which is configured in LTE.

Observation 4: In high SNR scenario, the detection performance does not increase beyond a certain level after a certain point due to the number of root codes selected from each user and it makes cross-correlation high.
Proposal 1: NR should support using format A solely or combination with format B. when the combination of format A and B is used, the format B should be located at the end of format A.

Proposal 2: RACH resources should be aligned with symbol boundaries of UL data/control.
Proposal 3: PRACH preamble format with 1.25 / 5 kHz SCS, restricted set A is enough to cover from low speed to maximum high speed.
Proposal 4: Restricted set is not required for PRACH preamble format with large SCS (i.e. 15kHz, 30kHz, 60kHz, and 120kHz).

Proposal 5: The cyclic shift set defined for LTE PRACH preamble can be applied for NR PRACH format 0 and 1.

Proposal 6: Using a reformed version of previous cyclic shift set in LTE is the one way to design for the set of format 3.
Proposal 7: If designing with reformed version of the previous cyclic shift set for format 3, there are some issues as described above and further studies considering those are needed.
Proposal 8: For short sequence based NR PRACH preamble formats, it is necessary to further study on the design of the cyclic shift set considering the above problems as well as the relationship between multiple SCSs such as 30 / 60 / 120 / 240 kHz and removing unnecessary set.
Proposal 9: An additional method such as OCS should be considered to solve the problem of reduction of detection performance caused by using short PRACH.
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Table A1. Ncs for preamble generation in LTE (Length 839 and SCS 1.25 kHz)
	Zerocorrelation
ZoneConfig
	Sequence length: 839 / SCS: 1.25kHz

	
	Unrestricted
	Max.cell (km)
	Restricted
	Max.cell (km)

	0
	0
	0
	15
	1.08

	1
	13
	0.79
	18
	1.51

	2
	15
	1.08
	22
	2.08

	3
	18
	1.51
	26
	2.65

	4
	22
	2.08
	32
	3.51

	5
	26
	2.65
	38
	4.37

	6
	32
	3.51
	46
	5.51

	7
	38
	4.37
	55
	6.8

	8
	46
	5.51
	68
	8.66

	9
	59
	7.37
	82
	10.66

	10
	76
	9.8
	100
	13.24

	11
	93
	12.24
	128
	17.24

	12
	119
	15.95
	158
	21.53

	13
	167
	22.82
	202
	27.83

	14
	279
	38.84
	237
	32.83

	15
	419
	58.86
	
	


Table A2. Evaluation Assumptions
	Parameters
	Details

	Sequence
	Zadoff-Chu / 839 length / 5kHz SCS

	Repetition factor
	4

	Unit of CS
	26 x 4
(# of cyclic shift version per a root code : 8)

(restricted set is not used)

	Root index
	8 root sequences are used

[129, 710, 140, 699, 120, 719, 210, 629]

	Orthogonal cover sequence index
	[0 1 2 3 0 1 2 3]

	Detection method
	Non-coherent / coherent / partial coherent (detect two groups separately)

	Channel
	EVA

	Frequency offset / Doppler spread
	500Hz
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