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1 Introduction

TS38.321 has specified DELTA_PREAMBLE as follows [1]: 
	5.1.3
Random Access Preamble transmission

The MAC entity shall, for each preamble:

1>
if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and

1>
if the notification of suspending power ramping counter has not been received from lower layers; and

1>
if SS block selected is not changed (i.e. same as the previous random access preamble transmission): 
2>
increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1>
set PREAMBLE_RECEIVED_TARGET_POWER to ra-PreambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep;

1>
except for contention free preamble for beam failure recovery request, compute the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted;
1>
instruct the physical layer to transmit the preamble using the selected PRACH, corresponding RA-RNTI (if available), PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.



RAN1 has not discussed whether or not DELTA_PREAMBLE needs to be introduced in NR and if introduced, what DELTA_PREAMBLE values for various preamble formats should be. So, this contribution discusses the necessity of DELTA_PREAMBLE in NR PRACH power control and their values for various NR preamble formats.
2 Discussion on DELTA_PREAMBLE
DELTA_PREAMBLE in LTE
In LTE, DELTA_PREAMBLE is a configurable power offset reflecting that different preamble formats have different transmission duration as shown in Table 1. For example, format 0 has the same sequence length (TSEQ) as format 1 and format 1 can provide the same link budget as format 0. So, assuming that format 0 is the baseline preamble sequence, transmission of format 1 does not require any power offset and it is reflected in DELTA_PREAMBLE = 0 dB as shown in Table 2. On the other hand, formats 2 and 3 can provide up to 3 dB link budget improvement as compared formats 0 and 1 because formats 2 and 3 are implemented by repeating the baseline format 0. So, DELTA_PREAMBLE values for formats 2 and 3 are – 3dB as shown in Table 2. Finally, TSEQ of format 4 is 6 times shorter than TSEQ of format 0 in Table 1 which means that transmission of format 4 requires 8 dB power-boosting as compared to transmission of format 0 in Table 2.
Table 1: Random access preamble parameters in LTE [2]
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	4 (see Note)
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	NOTE:
Frame structure type 2 and special subframe configurations with UpPTS lengths 
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Table 2: DELTA_PREAMBLE values in LTE [3]

	Preamble Format
	DELTA_PREAMBLE value

	0
	0 dB

	1
	0 dB

	2
	-3 dB

	3
	-3 dB

	4
	8 dB


DELTA_PREAMBLE in NR
NR supports the following PRACH formats:
Table 3: NR preamble formats [4]

	Format
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	Support for restricted sets

	0
	839
	1.25 kHz
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	Type A, Type B

	1
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	1.25 kHz
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	Type A, Type B
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	Type A, Type B

	3
	839
	5 kHz
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	Type A, Type B

	A1
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	C0
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NR supports much wider range of PreambleInitialReceivedTargetPower than LTE and the offset (DELTA_ PREAMBLE) may be naturally reflected into PreambleInitialReceivedTargetPower. Also, even if multiple numerologies can be supported for transmission of data/control channels within a cell, only single numerology should be used for preamble transmission within the cell, which means that single preamble format per cell is supported. So, it can be argued that motivation to introduce DELTA_PREAMBLE in NR is not clear.

However, DELTA_PREAMBLE seems be needed in NR as well from the following reasons; i) currently the granularity (i.e., step size) of PreambleInitialReceivedTargetPower may not appropriately reflect different power offset for various NR preamble formats, i.e., thermal noise power at the gNB receiver is varying depending on the preamble bandwidth (e.g., -114 dBm for NR preamble format 0 using 15 kHz SCS) and IoT may be in the range of 0 – 20 dB as in LTE or even more dynamic. So, it is questionable that 6-bit range of PreambleInitialReceivedTargetPower can accommodate DELTA_PREAMBLE well, and ii) The target required average SINR of NR new preamble formats have not been carefully evaluated. LTE approach is already well-proven and following the same philosophy as LTE would be safer. 
So, it is necessary to introduce DELTA_PREAMBLE in NR and likewise LTE, preamble format 0 can be the baseline preamble sequence and corresponding DELTA_PREAMBLE values for NR preamble formats are proposed as the following:

Table 4: DELTA_PREAMBLE values in NR where μ ∈{0,1,2,3}
	Preamble Format
	DELTA_PREAMBLE value

	0
	0 dB

	1
	-3 dB

	2
	-6 dB

	3
	0 dB

	A1
	8 + 3∙μ dB

	A2
	5 + 3∙μ dB

	A3
	3 + 3∙μ dB

	B1
	8 + 3∙μ dB

	B2
	5 + 3∙μ dB

	B3
	3 + 3∙μ dB

	B4
	3∙μ dB

	C0
	11 + 3∙μ dB

	C2
	5 + 3∙μ dB


3 Conclusion
In this contribution, we have discussed DELTA_PREAMBLE for NR PRACH power control and the following have been proposed:
Proposal: It is necessary to introduce DELTA_PREAMBLE in NR and NR adopts the following DELTA_PREAMBLE values where μ ∈{0,1,2,3}:

	Preamble Format
	DELTA_PREAMBLE value

	0
	0 dB

	1
	-3 dB

	2
	-6 dB

	3
	0 dB

	A1
	8 + 3∙μ dB

	A2
	5 + 3∙μ dB

	A3
	3 + 3∙μ dB

	B1
	8 + 3∙μ dB

	B2
	5 + 3∙μ dB

	B3
	3 + 3∙μ dB

	B4
	3∙μ dB

	C0
	11 + 3∙μ dB

	C2
	5 + 3∙μ dB
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