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1	Introduction
During the NR Study Item, RAN1 has established requirements and scenarios for NR ‎[1] and has identified technology components that are needed to standardize the NR system ‎[2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
In this contribution, we discuss the NR physical random access channel design, specifically we focus on the following points:
· For the long sequence, the need to support RACH restricted sets
· For the short sequence, we discuss the RACH preamble formats.
· The need to support new sequence for high speed cells with a large cell radius.
2	PRACH preamble long sequence
In RAN#89‎[3], the following RACH preamble formats for the long sequence were agreed:
[bookmark: _Ref484777864]Table 1: RACH preamble formats for long sequence.
	Format
	L
	SCS(kHz)
	BW (MHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	Use case

	0
	839
	1.25
	1.08
	1
	1
	24576
	3168
	2976
	LTE refarming

	1
	839
	1.25
	1.08
	2
	1
	2*24576
	21024
	21904
	Large cell, up to 100 Km

	3 WA
	839
	5
	4.32
	4
	1
	4*6144
	3168
	2976
	High speed case

	4
	839
	1.25
	1.08
	4
	1
	4*24576
	4688
	4528
	Coverage enhancement 



Format 3, with the 5 KHz SCS is a working assumption. Format 3 is used for the high speed case. We would to confirm that format 3 is supported.
Proposal 1: NR supports format 3 of the long sequence, with SCS=5 KHz, N_OS=4, and N_RP=1. The other parameters are as shown in Table 1.

2.1	RACH Restricted Sets
In RAN#89 ‎[3], the following working assumption was made:

In this section, we discuss the FFS point on restricted sets.Working assumption:
· NR supports PRACH preamble format indicated in the table below for the sequence length of 839
· FFS on restricted set
· FFS other sequence(s) for large cell radius

For cells with high speed users and/or cells operating at high carrier frequencies, the RACH preamble design should be able to combat high Doppler frequencies. For Zadoff-Chu sequence, if the Doppler frequency is a significant fraction of the sub-carrier spacing, additional correlation peaks start to appear, this requires the use of restricted RACH sets ‎[4]. As the Doppler frequency gets even larger and exceeds the sub-carrier spacing frequency more correlation peaks start to appear, leading to further restrictions being imposed on the selection of the correlation windows ‎[5].
The target frequency range of the long sequence is below 6 GHz. For a UE moving at 500 Km/hr, the round trip Doppler frequency offset is 5.6 KHz. The clock accuracy of the gNB (about 0.05 ppm), and UE (about 0.1 ppm), introduces additional carrier frequency offset error at the gNB receiver. The total carrier frequency offset at the gNB receiver due to Doppler and clock inaccuracies is about 6.5 KHz. This is about 30% higher than the SCS (5 KHz) of long sequence format 3 introduced for high speed use cases. This necessitates the use of RACH restricted sets.
Proposal 2: NR supports RACH restricted sets for the Zadoff Chu long sequence.
3	PRACH preamble short sequence
3.1		RACH Restricted Sets
Table 2 shows the carrier frequency offset at the gNB receiver of the PRACH preamble detector. In this table, we assume that the clock accuracy of the gNB is 0.05 ppm, and that of the UE is 0.1 ppm. Under the most extreme condition considered (carrier frequency 52.6 GHz, with a speed of 30 Km/hr), the maximum frequency offset is 10.2 KHz. It is possible to select a sub-carrier spacing for the PRACH preamble that is much larger than the carrier frequency offset to avoid the need to use RACH restricted sets. For example, with a PRACH subcarrier spacing of 60 KHz, a carrier frequency offset of 10.2 KHz is less than 20% of the sub-carrier spacing, and there is no need to use the PRACH restricted sets in this case. 
[bookmark: _Ref485049271]Table 2: Impact of carrier frequency and speed on the total carrier frequency offset at the gNB receiver of the PRACH preamble detector.
	Carrier Frequency (GHz)
	Speed (Km/hr)
	Round trip Doppler Frequency (KHz)
	Total Frequency Offset at gNB receiver (KHz)

	30
	3
	0.167
	4.67

	30
	30
	1.667
	6.17

	40
	3
	0.222
	6.22

	40
	30
	2.222
	8.22

	52.6
	3
	0.292
	8.18

	52.6
	30
	2.922
	10.18



Observation 1: It possible to select a sub-carrier spacing for the Zadoff Chu short sequence that is much larger than the carrier frequency offset to avoid the need to use RACH restricted sets with the Zadoff Chu short sequence.
Proposal 3: NR will not support restricted sets with the Zadoff Chu short sequence.
3.2	RACH preamble formats
Sub-carrier spacing 15 KHz with long CP/GP. Scenario:
· Cell radius: up to 4.2 Km (9.2 Km for S15-13L) 
· Delay spread: 5.2 usec
· Carrier frequency: Below 6 GHz
· MCL is given by Table 3.
· Use case: Repeated RACH OFDM symbols can be used for coverage extension and, if needed, Rx beam sweeping at the gNB and capacity enhancement by multiple time domain allocations of PRACH occasions. 

[bookmark: _Ref485050273]Table 3: MCL for Long CP/GP with SCS=15KHz.
	Format
	MCL (dB) for 3 Km/hr

	S15-1L
	128.8

	S15-2L
	131.2

	S15-4L
	133.2

	S15-6L
	134.8

	S15-13L
	136.8

	S15-14L
	136.8



Table 4 shows the RACH preamble formats of the short sequence with long CP/GT and SCS=15KHz.
[bookmark: _Ref485050409]Table 4: RACH preamble formats of short sequence with long CP/GT and SCS=15KHz.
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S15-1L
	15 
	1 
	1 
	2048
	1024
	864
	9
	2

	S15-2L
	15 
	2 
	1 
	2 x 2048
	1024
	864
	5
	2

	S15-4L
	15 
	4 
	1 
	4 x 2048
	1024
	864
	3
	2

	S15-6L 
	15 
	6 
	1 
	6 x 2048
	1024
	864
	2
	2

	S15-13L 
	15 
	13 
	1 
	13 x 2048
	2048
	1888
	1
	1

	S15-14L 
	15 
	14 
	1 
	14 x 2048
	1024
	864
	1
	2


Ts = 1/(30720) ms;
Figure 1 shows the packing the of short sequence RACH preamble formats with long CP/CT into one RACH slot. In this example, the RACH slot is an uplink slot. It is also possible to have an uplink centric bi-directional slot with a shorter duration and pack the PRACH preamble formats in the uplink portion of the uplink centric bi-direction slot as shown in Figure 2.



[bookmark: _Ref485050597]Figure 1: Packing of short sequence RACH preamble formats with long CP/GT into one RACH slot.



[bookmark: _Ref485374575]Figure 2: Packing of short sequence RACH preamble formats with long CP/GT into UL centric bi-directional RACH slot.

Sub-carrier spacing 15 KHz with short CP/GP. Scenario:
· Cell radius up to 1.7 Km (4.2 Km for S15-13S). Higher multiplexing capacity compared to the Long CP/GP. 
· Delay spread: 5.2 usec
· Carrier frequency: Below 6 GHz.
· MCL is given by Table 5.
· Use case: Repeated RACH OFDM symbols can be used for coverage extension and, if needed, Rx beam sweeping at the gNB and capacity enhancement by multiple time domain allocations of PRACH occasions. The short CP formats provide higher multiplexing capacity than the long CP formats.

[bookmark: _Ref485050775]Table 5: MCL for short CP/GP with SCS=15KHz.
	Format
	MCL (dB) for 3 Km/hr

	S15-1S
	129.2

	S15-2S
	131.8

	S15-4S
	133.4

	S15-6S
	134.6

	S15-13S
	136.7

	S15-14S
	136.8



Table 6 shows the RACH preamble formats of the short sequence with short CP/GT and SCS=15KHz.
[bookmark: _Ref485050866]Table 6: RACH preamble formats of short sequence with short CP/GT and SCS=15KHz.
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S15-1S
	15 
	1 
	1 
	2048
	512
	352
	11
	4

	S15-2S
	15 
	2 
	1 
	2 x 2048
	512
	352
	6
	4

	S15-4S
	15 
	4 
	1 
	4 x 2048
	512
	352
	3
	4

	S15-6S 
	15 
	6 
	1 
	6 x 2048
	512
	352
	2
	4

	S15-13S 
	15 
	13 
	1 
	13 x 2048
	1024
	864
	1
	2

	S15-14S 
	15 
	14 
	1 
	14 x 2048
	512
	352
	1
	4


Ts = 1/(30720) ms;
Figure 3 shows the packing of the short sequence RACH preamble formats with short CP/CT into one RACH slot.


[bookmark: _Ref485050977]Figure 3: Packing of short sequence RACH preamble formats with short CP/GT into one RACH slot.

Sub-carrier spacing 30 KHz with long CP/GP. Scenario:
· Cell radius up to 2.1 Km (4.6 Km for S30-13L) 
· Delay spread: 2.6 usec
· Carrier frequency: Below 6 GHz
· MCL is given by Table 7.
· Use case: Repeated RACH OFDM symbols can be used for coverage extension and, if needed, Rx beam sweeping at the gNB.

[bookmark: _Ref485052071]Table 7: MCL for long CP/GP with SCS=30KHz.
	Format
	MCL (dB) for 3 Km/hr

	S30-1L
	125.9

	S30-2L
	128.2

	S30-4L
	130.4

	S30-6L
	131.8

	S30-13L
	133.6

	S30-14L
	134.2



Table 8 shows the RACH preamble formats of the long sequence with short CP/GT and SCS=30KHz.
[bookmark: _Ref485051538]Table 8: RACH preamble formats of short sequence with long CP/GT and SCS=30KHz.
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S30-1L
	30 
	1 
	1 
	1024
	512
	432
	9
	2

	S30-2 L
	30 
	2 
	1 
	2 x 1024
	512
	432
	5
	2

	S30-4L
	30 
	4 
	1 
	4 x 1024
	512
	432
	3
	2

	S30-6L 
	30 
	6 
	1 
	6 x 1024
	512
	432
	2
	2

	S30-13L 
	30 
	13 
	1 
	13 x 1024
	1024
	944
	1
	1

	S30-14L 
	30 
	14 
	1 
	14 x 1024
	512
	432
	1
	2


Ts = 1/(30720) ms;

Sub-carrier spacing 30 KHz with short CP/GP. Scenario:
· Cell radius up to 0.86 Km (2.1 Km for S30-13S). Higher multiplexing capacity compared to the Long CP/GP. 
· Delay spread: 2.6 usec
· Carrier frequency: Below 6 GHz
· MCL is given by Table 9.
· Use case: Repeated RACH OFDM symbols can be used for coverage extension and, if needed, Rx beam sweeping at the gNB. The short CP formats provide higher multiplexing capacity than the long CP formats.

[bookmark: _Ref485052086]Table 9: MCL for short CP/GP with SCS=30KHz.
	Format
	MCL (dB) for 3 Km/hr

	S30-1S
	126.5

	S30-2S
	128.3

	S30-4S
	130.4

	S30-6S
	131.6

	S30-13S
	133.9

	S30-14S
	133.8



Table 10 shows the RACH preamble formats of the short sequence with short CP/GT and SCS=30KHz.
[bookmark: _Ref485051565]Table 10: RACH preamble formats of short sequence with short CP/GT and SCS=30KHz.
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S30-1S
	30 
	1 
	1 
	1024
	256
	176
	11
	4

	S30-2S
	30
	2 
	1 
	2 x 1024
	256
	176
	6
	4

	S30-4S
	30
	4 
	1 
	4 x 1024
	256
	176
	3
	4

	S30-6S 
	30
	6 
	1 
	6 x 1024
	256
	176
	2
	4

	S30-13S 
	30
	13 
	1 
	13 x 1024
	512
	432
	1
	2

	S30-14S 
	30
	14 
	1 
	14 x 1024
	256
	176
	1
	4


Ts = 1/(30720) ms;

Sub-carrier spacing 60 KHz. Scenario:
· Cell radius up to 1.05 Km (2.3 Km for S60-13) 
· Delay spread: 1.3 usec
· Carrier frequency: Above 6 GHz
· MCL is given by Table 11.
· Use case: Repeated RACH OFDM symbols can be used for RX beam sweeping at the gNB and coverage extension. In multi-beam configuration when TX/RX beam correspondence is applied at gNB formats with low number repeated symbols are used while when TX/RX beam correspondence is not applied at gNB for PRACH reception formats S60-13 and S60-14 are used.

[bookmark: _Ref485052097]Table 11: MCL for SCS=60KHz.
	Format
	MCL (dB) for 3 Km/hr

	S60-1
	120.2

	S60-2
	122.5

	S60-4
	124.6

	S60-6
	125.9

	S60-13
	TBD

	S60-14
	TBD



Table 12 shows the RACH preamble formats of the short sequence with SCS=60KHz.
[bookmark: _Ref485051607]Table 12: RACH preamble formats of short sequence with SCS=60KHz
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S60-1
	60 
	1 
	1 
	512
	256
	216
	9
	2

	S60-2
	60 
	2 
	1 
	2 x 512
	256
	216
	5
	2

	S60-4
	60 
	4 
	1 
	4 x 512
	256
	216
	3
	2

	S60-6 
	60 
	6 
	1 
	6 x 512
	256
	216
	2
	2

	S60-13 
	60 
	13 
	1 
	13 x 512
	512
	472
	1
	1

	S60-14 
	60 
	14 
	1 
	14 x 512
	256
	216
	1
	2


Ts = 1/(30720) ms;

Sub-carrier spacing 120 KHz. Scenario:
· Cell radius up to 500 m (1.15 Km for S120-13) 
· Delay spread: 0.65 usec
· Carrier frequency: Above 6 GHz
· MCL is given by Table 11.
· Use case: Repeated RACH OFDM symbols can be used for RX beam sweeping at the gNB and coverage extension. In multi-beam configuration when TX/RX beam correspondence is applied at gNB formats with low number repeated symbols are used while when TX/RX beam correspondence is not applied at gNB for PRACH reception formats S60-13 and S60-14 are used.

Table 13: MCL for SCS=120KHz.
	Format
	MCL (dB) for 3 Km/hr

	S120-1
	117.1

	S120-2
	119.6

	S120-4
	122.0

	S120-6
	123.2

	S120-13
	TBD

	S120-14
	TBD



Table 14 shows the RACH preamble formats of the short sequence with SCS=120KHz.
[bookmark: _Ref485051642]Table 14: RACH preamble formats of short sequence with SCS=120KHz
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 
	Roots per slot
	Sig per root

	S120-1
	120 
	1 
	1 
	256
	128
	108
	9
	2

	S120-2
	120 
	2 
	1 
	2 x 256
	128
	108
	5
	2

	S120-4
	120 
	4 
	1 
	4 x 256
	128
	108
	3
	2

	S120-6 
	120 
	6 
	1 
	6 x 256
	128
	108
	2
	2

	S120-13 
	120 
	13 
	1 
	13 x 256
	256
	436
	1
	1

	S120-14 
	120 
	14 
	1 
	14 x 256
	128
	108
	1
	2


Ts = 1/(30720) ms;
Proposal 4: NR shall support PRACH preamble formats for the short sequence given by Table 4, Table 6, Table 8, Table 10, Table 12, and Table 14.
NR shall support the consecutive packing of PRACH preamble formats with no gaps (GP) between consecutive preambles as shown in Figure 1, Figure 2, and Figure 3.
Proposal 5: NR shall support the consecutive packing of PRACH preamble formats with no gaps (GP) between consecutive PRACH preamble formats.
[bookmark: _GoBack]3.3	Support of 7.5 kHz SCS
Based on RAN1#89 agreements for shorter sequence lengths it was left open whether or not to support 7.5 kHz SCS:
	Agreements:
· For the shorter sequence length than L=839, NR supports sequence length of L = 127 or 139 with subcarrier spacing of {15, 30, 60, 120}kHz
· Note: this is based on the assumption that 240 kHz subcarrier spacing is not available for data/control
· FFS: 7.5 kHz subcarrier spacing



7.5 kHz SCS based PRACH preamble format provides higher capacity and longer coverage than e.g. 15-1L/S format but would have different SCS than UL control and UL data channels. On the other hand, coverage can be improved for 15-1L/S by having 15 kHz SCS based preamble having multiple symbols as in formats 15-13 L/S and 15-14 L/S formats. Capacity can be increased by allocating multiple PRACH resources both in frequency and time domain. In both cases, having the same SCS for PRACH as for UL control and data would make PRACH capacity adjustment way less complex than with 7.5 kHz SCS. Furthermore, there are under discussion e.g. option 4 like for capacity improvement schemes. Thus, we conclude that there is no need to support 7.5 kHz SCS.
Proposal 6: 7.5 kHz SCS is not supported for PRACH preambles.
3.4	Link budget analysis
In this section we calculate maximum path loss and cell radius assuming Urban Macro NLoS for illustration. Table 15 provides calculations for 15 kHz and 30 kHz SCS, velocity 120 km/h and 4 GHz carrier frequency are assumed. 
Observation 2: Maximum cell radius range in Urban Macro using 15 kHz SCS and 4 GHz carrier frequency ranges from 1100 m up to 2100 m. 
Observation 3: Maximum cell radius range in Urban Macro using 30kHz SCS and 4 GHz carrier frequency ranges from 1000 m up to 1700 m. 

Table 16 illustrates correspondingly maximum path loss and cell radius assuming 60 and 120 kHz SCS, velocity 3 km/h and 30 GHz carrier frequency. 
[bookmark: _Ref485128788]Table 15 Maximum path loss and cell radius in UMa NLoS using 15 and 30 kHz SCS, velocity 120 km/h
[image: ]
[bookmark: _Ref485128798]Observation 2: Maximum cell radius range in Urban Macro using 15 kHz SCS and 4 GHz carrier frequency ranges from 1100 m up to 2100 m. 
Observation 3: Maximum cell radius range in Urban Macro using 30kHz SCS and 4 GHz carrier frequency ranges from 1000 m up to 1700 m. 

Table 16 Maximum path loss and cell radius in UMa NLoS using 60 and 120 kHz SCS, velocity 3 km/h
[image: ]
Observation 4: Maximum cell radius range in Urban Macro using 60 kHz SCS and 30 GHz carrier frequency ranges from 350 m up to above 500 m. 
Observation 5: Maximum cell radius range in Urban Macro using 120kHz SCS and 30 GHz carrier frequency ranges from 300 m up to above 400 m. 

4	M-seq for high speed large cell-radius cells
At high Doppler frequencies, the Zadoff-Chu sequence suffers from correlation peaks that start to appear at positions other than the expected position at low Doppler. As described in section 2, this leads to use of restricted sets which limits the signatures per root sequence and the cyclic shifts that can be used for Zadoff Chu sequence with high Doppler. Consequently, limiting the available cyclic shifts limits the maximum radius. 
In this section, we present the m-seq as a solution for high-speed high-cell radius cells.
4.1	Sequence Construction
m-sequences are generated using maximal linear feedback shift registers (LFSRs) as the one shown in Figure 4.
[image: ]
[bookmark: _Ref485229509][bookmark: _Ref485229504]Figure 4: 9-bit linear feedback shift register used for generating m-sequences.






The m-sequences  generated with an LFSR have length given by , where  is the number of bits (i.e., memory) of the LFSR. For the example of Figure 4, note that  and . Moreover, for each  there may be more than one generator LFSR.

An important property is that orthogonal m-sequences can be obtained by initializing the LFSR with different bit sequences or, alternatively, by cyclically shifting one of the m-sequences obtained from the LFSR. On the other hand, the cross correlation between sequences generated from different generator LFSRs is at most .

For PRACH capacity enhancement purposes, a larger number of orthogonal m-sequences can be generated by a combination of circular delay-Doppler shifts of a base m-sequence  as follows:

	,











where  is the minimum delay shift,  is the minimum Doppler shift, and  and  are the parameters determining the delay and Doppler shifts, respectively, of the sequence  with respect to the base  m-sequence . Note that as long as  and  signals generated with orthogonal sequences generated with different pairs  are completely separable in a time-frequency selective channel with maximum channel delay  and maximum Doppler spread  ‎[6]. 



Figure 5 exemplifies the sequence assignment in the delay-Doppler plane. Note that, by construction, the total number of available orthogonal sequences   is given by , which is typically a large number. At this point is worth mentioning that the Doppler plane expansion of the orthogonal sequences  does not requires additional bandwidth for the PRACH resources because the frequency shift is performed on the digital domain signature samples instead of on the preamble signal. 


[image: ]
[bookmark: _Ref485229749]Figure 5: Orthogonal sequence assignment in the delay-Doppler plane.
The total number of sequences that can be supported depends on the duration of the RACH signal and its bandwidth as well as the maximum delay spread and the maximum Doppler frequency.
4.2	Performance Evaluation
In Figure 6 we show the results obtained at very high speed (500 km/h). We observe from the missed detection graph that RACH access with ZC-Sequences often fails, because of the large number of missed detections due to timing estimation errors. In contrast, M-Sequences of length 511 and 1023 achieve a missed detection below the 1 % threshold figure.
[image: ]
[bookmark: _Ref481685905]Figure 6: Key performance metrics for CDL-C channel at 500 km/h. Solid lines are for M-sequences and dashed lines for ZC-sequences.

Observation 6: Cyclic delay-Doppler shifted M-Sequences are more robust to frequency offsets for large cells.
Proposal 7: NR adopts Cyclic delay-Doppler shifted M-Sequences for high speed, large cell-radius cells.
5	Conclusions
In this contribution, we discussed the PRACH preamble long sequence, the following proposal were made:
Proposal 1: NR supports format 3 of the long sequence, with SCS=5 KHz, N_OS=4, and N_RP=1. The other parameters are as shown in Table 1.
Proposal 2: NR supports RACH restricted sets for the Zadoff Chu long sequence.
We also discussed the PRACH preamble short sequence, and the following proposals and observations were made:
Observation 1: It possible to select a sub-carrier spacing for the Zadoff Chu short sequence that is much larger than the carrier frequency offset to avoid the need to use RACH restricted sets with the Zadoff Chu short sequence.
Proposal 3: NR will not support restricted sets with the Zadoff Chu short sequence.
Proposal 4: NR shall support PRACH preamble formats for the short sequence given by Table 4, Table 6, Table 8, Table 10, Table 12, and Table 14.
Proposal 5: NR shall support the consecutive packing of PRACH preamble formats with no gaps (GP) between consecutive PRACH preamble formats.
Proposal 6: 7.5 kHz SCS is not supported for PRACH preambles.
Observation 2: Maximum cell radius range in Urban Macro using 15 kHz SCS and 4 GHz carrier frequency ranges from 1100 m up to 2100 m. 
Observation 3: Maximum cell radius range in Urban Macro using 30kHz SCS and 4 GHz carrier frequency ranges from 1000 m up to 1700 m. 
Observation 4: Maximum cell radius range in Urban Macro using 60 kHz SCS and 30 GHz carrier frequency ranges from 350 m up to above 500 m. 
Observation 5: Maximum cell radius range in Urban Macro using 120kHz SCS and 30 GHz carrier frequency ranges from 300 m up to above 400 m. 
Finally, we consider the case of high speed and large cell-radius cells, and the following proposal and observation were made:
Observation 6: Cyclic delay-Doppler shifted M-Sequences are more robust to frequency offsets for large cells.
Proposal 7: NR adopts Cyclic delay-Doppler shifted M-Sequences for high speed, large cell-radius cells.
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SCS [kHz]

Format 15-1L 15-2L 15-4L 15-6L 15-13L 15-14L 30-1L 30-2L 30-4L 30-6L 30-13L 30-14L

System

Carrier frequency [GHz] 4 4 4 4 4 4 4 4 4 4 4 4

Sequence length 139 139 139 139 139 139 139 139 139 139 139 139

Signal bandwidth [Hz] 2085000 2085000 2085000 2085000 2085000 2085000417000041700004170000417000041700004170000

Transmitter UE

Max tx power (dBm) 23 23 23 23 23 23 23 23 23 23 23 23

Tx antenna gain (dBi) 0 0 0 0 0 0 0 0 0 0 0 0

Body loss (dB) 0 0 0 0 0 0 0 0 0 0 0 0

EIRP (dBm) 23 23 23 23 23 23 23 23 23 23 23 23

Receiver BS

BS noise figure (dB) 7 7 7 7 7 7 7 7 7 7 7 7

Thermal noise (dBm) -110,81 -110,81 -110,81 -110,81 -110,81 -110,81 -107,80 -107,80 -107,80 -107,80 -107,80 -107,80

Receiver noise (dBm) -103,81 -103,81 -103,81 -103,81 -103,81 -103,81 -100,80 -100,80 -100,80 -100,80 -100,80 -100,80

SNR (dB) -1,00 -3,00 -5,80 -7,80 -11,40 -11,80 -2,40 -4,60 -6,60 -7,80 -10,70 -10,90

Receiver sensitivity -104,81 -106,81 -109,61 -111,61 -115,21 -115,61 -103,20 -105,40 -107,40 -108,60 -111,50 -111,70

Interference margin (dB) 0 0 0 0 0 0 0 0 0 0 0 0

Cable loss (dB) 0 0 0 0 0 0 0 0 0 0 0 0

RX antenna gain (dBi) 17 17 17 17 17 17 17 17 17 17 17 17

Maximum path loss 144,81 146,81 149,61 151,61 155,21 155,61 143,20 145,40 147,40 148,60 151,50 151,70

Cell radius

UMa NLoS 1122,65 1263,03 1489,53 1675,79 2071,68 2121,07 1021,05 1162,34 1307,68 1403,47 1664,93 1684,66

15 30
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SCS [kHz]

Format 60-1 60-2 60-4 60-6 60-13 60-14 120-1 120-2 120-4 120-6 120-13 120-14

System

Carrier frequency [GHz] 30 30 30 30 30 30 30 30 30 30 30 30

Sequence length 139 139 139 139 139 139 139 139 139 139 139 139

Signal bandwidth 8340000 8340000 8340000 8340000 8340000 8340000166800001668000016680000166800001668000016680000

Transmitter UE

Max tx power (dBm) 23 23 23 23 23 23 23 23 23 23 23 23

Tx antenna gain (dBi) 0 0 0 0 0 0 0 0 0 0 0 0

Body loss (dB) 0 0 0 0 0 0 0 0 0 0 0 0

EIRP (dBm) 23 23 23 23 23 23 23 23 23 23 23 23

Receiver BS

BS noise figure (dB) 10 10 10 10 10 10 10 10 10 10 10 10

Thermal noise (dBm) -104,79 -104,79 -104,79 -104,79 -104,79 -104,79 -101,78 -101,78 -101,78 -101,78 -101,78 -101,78

Receiver noise (dBm) -94,79 -94,79 -94,79 -94,79 -94,79 -94,79 -91,78 -91,78 -91,78 -91,78 -91,78 -91,78

SNR (dB) -2,40 -4,70 -6,80 -8,10 N/A N/A -2,30 -4,80 -7,20 -8,40 N/A N/A

Receiver sensitivity -97,19 -99,49 -101,59 -102,89 N/A N/A -94,08 -96,58 -98,98 -100,18 N/A N/A

Interference margin (dB) 0 0 0 0 0 0 0 0 0 0 0 0

Cable loss (dB) 0 0 0 0 0 0 0 0 0 0 0 0

RX antenna gain (dBi) 23 23 23 23 23 23 23 23 23 23 23 23

Maximum path loss 143,19 145,49 147,59 148,89 N/A N/A 140,08 142,58 144,98 146,18 N/A N/A

Cell radius

UMa NLoS 363,94 416,74 471,62 509,16 N/A N/A 303,01 351,08 404,40 434,02 N/A N/A

60 120
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