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1. Introduction
In this contribution, we discuss consideration points on PRACH preamble design for NR system considering requirements on C-plane latency, coverage, and target MCL. 

Discussion
1.1. Target requirements
According to TR38.913[1], scenarios and requirements for NR is introduced. One of the key performance indicators (KPI) is control plane latency. Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE). The target for control plane latency should be 10ms. Compared with existing LTE system, the target for control plane latency for NR is considerably reduced (from 100ms to 10ms). In this case, it would be necessary to design PRACH transmission and RACH procedure efficiently in terms of latency. Considering other numerologies or services, it is needed to clarify whether the target for control-plane latency is the same or different across numerologies or services. 
Proposal 1: It is necessary to study how to design PRACH preamble and RACH procedure considering (C-plane) latency requirements. 

According to the target MCL, for a basic MBB service characterized by a downlink data rate of 2Mbps and an uplink data rate of 60kbps for stationary users, the target on maximum coupling loss is 140dB. For mobile users a downlink data rate of 384kbps is acceptable. For a basic MBB service characterized by a downlink data rate of 1Mbps and an uplink data rate of 30kbps for stationary users, the target on maximum coupling loss is 143dB. At this coupling loss relevant downlink and uplink control channels should also perform adequately. For mMTC, UE battery life in extreme coverage shall be based on the activity of mobile originated data transfer consisting of 200bytes UL per day followed by 20bytes DL from MCL of 164dB. From our perspective, it seems necessary to clarify that the target MCL is common for all the carrier frequencies or it can be different depending on the carrier frequency. In our companion contribution [3], it is observed that when the same ISD (inter-side distance) is assumed to be used for various carrier frequencies, the overall coupling loss for higher carrier frequency could be larger than that of lower carrier frequency. In other words, if we consider that the target MCL is the same across different carrier frequencies, the cell coverage or PRACH coverage will be reduced as the carrier frequency increases. In this contribution, for simplicity, we assume that the target MCL for PRACH transmission is set to 143dB. 
Proposal 2: It is necessary to clarify that the target MCL is common or different across carrier frequencies. 

Regarding evaluation assumptions, the extreme rural case targeting 100km cell radius is assumed that the carrier frequency is below 3GHz bands (below 1GHz (e.g. 700MHz) can be prioritized). In other words, it may not need to support 100km cell radius for all the carrier frequency candidates (especially for above 6GHz cases). Meanwhile, relatively small cell radius/coverage (e.g. 20m, 200m, or 500m) such as indoor hotspot, or urban macro/micro would support carrier frequency above 6GHz. 

1.2. Considerations for PRACH preamble design
In this contribution, we provide MCL analysis for PRACH preamble design. In this stage, for simplicity, it is assumed that the required preamble sequence energy to thermal noise ratio Ep/No is 18dB to meet missed detection and false alarm probabilities [2]. The detailed value of Ep/No can be updated later considering the link-level simulation results. The remaining assumptions for MCL computation are shown in Appendix A. Figure 1 shows the MCL value depending on the sequence duration of PRACH preamble. According to the MCL analysis, the sequence duration for PRACH transmission needs to be at least 0.8ms to meet the MCL of 143dB. 
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Figure 1. MCL versus sequence duration of PRACH preamble 
Coupling loss for higher carrier frequency (e.g. above 6GHz) would not be closed to the target MCL since the pathloss is not fully compensated, in this case, it can be considered to use (analog) beam-forming to enhance the coupling loss to achieve the target MCL (e.g. 143dB). However, in this case, it is necessary to consider time duration for beam sweeping procedure to find adequate beam direction between eNB and UE. Considering the sequence duration and the number of beam direction to be supported for beam sweeping procedure, the overall time duration for PRACH preamble transmission could be considerably large especially when the data symbol size is small due to the large subcarrier spacing for higher carrier frequency. In order to mitigate this PRACH overhead problem, it can be considered to reduce sequence duration for PRACH preamble. However, according to the MCL analysis, the MCL value would be reduced. For instance, if the sequence duration is reduced to 0.2ms, then the MCL value is changed into 137dB. In other words, the PRACH coverage can be reduced. 

1.2.1. Shortened PRACH preamble design 
To meet the requirements on C-plane latency, it would be necessary to reduce overall time duration for RACH procedure including PRACH preamble transmission and the subsequent transmissions (e.g. RAR, Msg3, Msg4). First of all, it can be considered to design PRACH preamble to have short sequence duration. Since the MCL with reduced short sequence duration will be smaller than target MCL (e.g. 143 dB), it is necessary to investigate how to enhance MCL coverage for PRACH preamble with shortened sequence duration. Considering digital processing enhancement such as diversity gain or Rx combining gain, Ep/No can be further improved. For instance, if digital processing chain can be improved by 6dB, the required sequence duration for PRACH preamble to meet the target MCL is changed into 0.2ms as shown in Figure 1. It may need to increase eNB complexity and the detailed enhancement level can be further discussed. 
Alternatively, requirement relaxation on C-plane latency or target MCL can be considered. More specifically, PRACH preamble to meet the target MCL requirements may not need to meet the requirements on C-plane latency. In a similar manner, all the UEs needed to meet the C-plane latency requirements may not be necessary to follow the target MCL requirements. 
Proposal 3: It is necessary to investigate whether or how all the PRACH preamble meets the requirements on MCL and/or latency considering eNB complexity/flexibility. 

1.2.2. PRACH preamble design for extreme long distance coverage
In NR, it is necessary to design a special PRACH preamble for 100km cell range, in which it is assumed that the carrier frequency of below 3GHz is applied. So, we can think that it is desirable to design the PRACH preamble for the special purpose and environment such as extreme long coverage and low frequency band. Also, the special PRACH preamble could be distinguished from short PRACH preamble for the general purpose used in a various environments including deployment scenarios and carrier frequency. 
For design simplicity, we can consider to follow the existing PRACH preamble format 3 in LTE as a design guide for NR PRACH preamble. At the same time, if we introduce the long PRACH preamble (i.e. 3ms) for extreme long distance, it may be necessity to verify whether the requirement for C-plane latency is satisfied. 
Proposal 4: It can be considered to study whether or how to design PRACH preamble format separately to cover extreme rural case. 

2. Conclusions
In this contribution, we discussed several aspects for PRACH design for NR system. Followings are our proposals and observation:  
Proposal 1: It is necessary to study how to design PRACH preamble and RACH procedure considering (C-plane) latency requirements. 
Proposal 2: It is necessary to clarify that the target MCL is common or different across carrier frequencies. 
Proposal 3: It is necessary to investigate whether or how all the PRACH preamble meets the requirements on MCL and/or latency considering eNB complexity/flexibility. 
Proposal 4: It can be considered to study whether or how to design PRACH preamble format separately to cover extreme rural case. 
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Appendix A
Regarding TR36.824[4], the coupling loss is defined as follows: 
	The coupling loss is defined as the total long-term channel loss over the link between the UE antenna ports and the eNodeB antenna ports, and includes in practice antenna gains, path loss, shadowing, body loss, etc. The maximum coupling loss (MCL) is the limit value of the coupling loss at which the service can be delivered, and therefore defines the coverage of the service. The MCL is independent of the carrier frequency.



For MCL calculations, it is necessary to compute required SINR in terms of energy per RE and noise spectral density. Considering Ep/No = 18dB and sequence duration = Tseq, the required SINR can be defined by 

In case of below 6GHz, it is assumed that the transmission bandwidth is 1,080kHz which is equivalent to 6PRB when the subcarrier spacing is 15kHz (for data transmission). For above 6GHz, the transmission bandwidth is assumed to be 5,400kHz which is equivalent to 6PRB when the subcarrier spacing is 75kHz (for data transmission). Remaining parameters are shown in Table A.1. 
Table A.1: MCL calculation
	Physical channel name
	PRACH for below 6GHz

	Data rate(kbps)
	

	Transmitter
	

	Max Tx power (dBm)
	23

	(1) Actual Tx power (dBm)
	23

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	1080000

	"(6) Effective noise power
=(2)+(3)+(4)+10log((5)) (dBm)
	-108.67

	(7) Required SINR (dB)
	Depending on Tseq

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-108.67 + (7)

	(9) MCL = (1) - (8) (dB)
	131.67 – (7)



As the sequence duration for PRACH preamble increases, the MCL value would increases. In other words, to support large target MCL or large coverage, the sequence duration for PRACH preamble needs to be large. It may affect the subcarrier spacing for PRACH transmission. Alternatively, repetition of preamble can be considered to support longer sequence duration as in PRACH preamble format 2 or 3 in LTE system. 
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