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Introduction
During RAN1#88 bis, RAN1 captured the following agreements regarding RACH preamble design
R1-1706818	Work Plan for RACH and Mobility	NTT DOCOMO
Conclusions:
· For Random Access,
· following remaining issues need to be finalized in the next meeting
· RACH preamble sequence length and subcarrier spacing
· Selection of L between L = 63/71 and L = 127/139
· Further down-selection of subcarrier spacing  if needed
· RACH format design
· Supported preamble formats of option 1 and detailed design of each
· Whether/how to support option 2 and option 4
· CP/GT length
· Followings remaining issues need to be finalized by Nov. meeting
· RACH configuration
· RACH procedure
· Power control/power ramping 
· Note that all RRC related aspects need to be finalized by Oct. meeting

Agreements:
· NR RACH capacity shall be at least as high as in LTE
· Such capacity is achieved by time/code/frequency multiplexing for a given total amount of time/frequency resources
· Zadoff-Chu sequence is adopted in NR
· FFS other sequence type and / or other methods in addition to Zadoff-Chu sequence for the scenario, e.g., high speed and large cells
· FFS definition of large cell and high speed
· FFS other sequence type and / or other methods for capacity enhancements, e.g.:
· At least in multi-beam and low speed scenario, regarding multiple/repeated PRACH preamble formats, option 2 with OCC across preambles 
· FFS: Option 2 with OCC across multiple/repeated preambles in high speed scenarios
· PRACH preamble design composed with multiple different ZC sequences
· Sinusoidal modulation on top of option 1

R1-1706781	WF on PRACH sequence length	Ericsson, ZTE, ZTE Microelectronics, Nokia, Alcatel-Lucent Shanghai-Bell, Qualcomm, Huawei, HiSilicon, LGE, NTT DOCOMO, Intel, CATT 
Agreements:
· For Zadoff-Chu sequence type, the RAN1 specifications will support two NR-PRACH sequence lengths (L) 
· L = 839: SCS = {1.25, 2.5, 5} KHz
· Select one of
· L = 63/71: SCS = {15, 30, 60, 120, 240} KHz
· L = 127/139: SCS = {7.5, 15, 30, 60, 120} KHz
· FFS: Supported sub-carrier spacings for each sequence length
· FFS for other sequence types

Based on agreements, this contribution considers NR PRACH design. 

RACH preamble format 
When beam correspondence holds at TRP side, UE transmits RACH preamble(s) with RACH preamble format assigned by gNB carrying the selected RACH preamble index on single RACH resource associated with the specified DL SS/BCH/TRS while TRP determines its RX beam for that RACH resource and the TRP should be able to identify which Tx/Rx beam pair for the RACH reception is appropriate and make a decision on a TRP Tx beam for RAR transmission corresponding to the TRP Rx beam. If TRP doesn’t have beam correspondence, a UE also transmits RACH preamble(s) with RACH preamble format assigned by gNB on multiple RACH resources associated with DL SS/BCH/TRS while TRP sweeps its Rx beams and identify the strong Tx/Rx beam pair for the RACH reception. TRP Tx beam for RAR transmission should be estimated during RACH detection. Note that all UEs in a cell follow only one RACH configuration indicated via broadcast channel. In NR RAN1#88, Option 1 has been agreed for the consecutive multiple/repeated RACH preamble transmissions. 


Figure 1 Three options for RACH preamble format
· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH symbols, CP/GT between RACH symbols is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Option 2: The same RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH preambles
· Option 4: Different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH preambles
In Option 1, more opportunities for Rx beam sweeping are expected compared to other Options. Basically, Option 2 and 4 need at least two RACH OFDM symbols per Rx beam, but Option 1 needs single RACH OFDM symbol per Rx beam considering the fact that at least length 2 OCC is needed to improve the RACH capacity in Option 2 and at least 2 different sequences (sequence ID A and sequence ID B) is needed for Option 4. Moreover, the guard interval for beam switching between consecutive RACH symbols in Option 1 is much shorter than Option 2 and 4. In figure 2, as an example, beam sweeping operation based on one RACH symbol is described. According to the preamble format on top of option 1, a part of the first RACH symbol is considered CP for round trip delay and remaining part of CP is considered as guard interval for beam switching. In our view, the required time for beam switching is much less than 100ns. Required time for beam switching can be fully handled at gNB without performance degradation within defined CP length in preamble format. 


Figure 2 Example on Rx beam sweeping in Option 1

Observation 1 :  More opportunities for beam sweeping can be supported for Option 1 as compared to Option 2 and 4

Although Option 1 is good at providing beam sweeping opportunities reducing RA latency, the number of available RACH preambles with this preamble format is constrained. Compared with long PRACH sequence, the short PRACH sequence with larger subcarrier spacing and shorter symbol duration has less number of orthogonal sequences for UE selection. So, for the sake of increasing RACH capacity with short PRACH sequence with larger subcarrier spacing, Option 2 and 4 can be considered. 
During RAN1#88bis, some options for enhancing the capacity of the RACh were discussed a) Option 1 with sinusoidal cover code [3] and b) Option 4 with –stage detection [4]. For (a), a comb type operation is suggested in order to increase the RACH capacity. However it is trivial to see that this option needs larger BW for supporting the same length of RACH sequence and furthermore this method is prone for ICI due to Doppler at high mobility. This ICI will cause losses in orthogonality obtained due to the sinusoidal cover code. 
In Option 4, RACH capacity enhancement can be expected the combinations of independent root sequence IDs across consecutive RACH OFDM symbols. If one UE choose multiple independent short PRACH sequences or their combinations, it may reduce the collision probability by providing a larger pool of the sequence selection. For example, if there totally M root sequence ID are available, (M2) combinations can be generated for two consecutive RACH OFDM symbols in Option 4. Table 1 shows an example on the supportable set of root sequence ID for two options. 

[bookmark: _Ref473124547]Table 1. Example on supportable sets of root sequence ID in Option 2 and 4
	Index
	Option 2 with Time domain OCC
	Option 4 

	1
	(A A) with Time domain OCC index 0
	(A A)

	2
	(A A) with Time domain OCC index 1
	(A B)

	3
	(B B) with Time domain OCC index 1
	(A C)

	4
	(B B) with Time domain OCC index 0
	(B A)

	5
	(C C) with Time domain OCC index 1
	(B B)

	6
	(C C) with Time domain OCC index 0
	(B C)

	7
	-
	(C A)

	8
	-
	(C B)

	9
	-
	(C C)



As represented in Table 1, from the supportable number of set perspective, Option 4 provides more set with limited number of root sequence ID. However, it is not clear that whether gNB can distinguish the actual sequence ID from UE. Some possible ways to distinguish the actual UEs were proposed. But ambiguity may be still happened when two UEs experience similar propagation delay. And for Option 4, a 2-step detection mechanism is proposed for the RACH capacity enhancement. It is well known that any 2-step detection mechanism will perform worse than one-step detection mechanism. This is because the scrambling sequence to use in 2nd step in [4] is dependent on the success of the detection of the 1st step. In fact, we show in results below that when the number of symbols used is >1, independent detection of the RACH preamble enhances the detection performance. Hence, the proposed techniques may only aggravate the problem of RACH detection while claiming to enhance the RACH capacity.
In Option 2, time domain OCC can provide capacity enhancements. It is obvious that RACH capacity can be increased N times compared to Option 1 in case of Option 2 with Time domain OCC, where N is Time domain OCC length. Besides, time domain OCC can indicate the UE capability of Tx/Rx beam correspondence, or indicate the Tx beam for Msg. 2 transmission. In particular, the preambles could be divided into groups based on different cover codes. In this case, the gNB will obtain the information of whether the UE has Tx/Rx beam correspondence or which Tx beam to be used for Msg. 2 transmission through the detection of preamble with time domain OCC.


The length of Time domain OCC should be carefully determined considering time varying channel characteristic. Phase noise for above 6GHz does harm to time-invariant characteristic even the channel is constant across multiple RACH preambles. Constant channel characteristic across multiple RACH preambles will not be maintained due to residual carrier frequency offset as well. So, short sequence duration can be beneficial to apply time domain OCC in Option 2 so that larger subcarrier spacing should be considered to combine coherently across multiple OFDM symbols. In our view, Option 2 with time domain OCC works well with larger subcarrier spacing and low mobility. The performance of Option 2 with time domain OCC degraded according to mobility in addition to residual carrier frequency of 0.1 ppm/0.05 ppm at UE and TRP, respectively. Figure 9 shows the Miss Detection performance in Samsung_6 according to mobility with residual carrier frequency of 0.1/0.05 ppm at UE and TRP. Figure x-1 shows the timing error with v=3kmh. From this figure, option 2 with time domain OCC works well with low mobility, however, the performance degraded according to increase mobility. Doppler shift  is proportional to the carrier frequency  of the electromagnetic wave, and is given by 







Where is the relative speed between the transmitter and the receiver, is the speed of light (3 x 108m/s), and  is the angle of the velocity vector. The maximum happens when 


As mobility increases in addition to total frequency offset with 0.15ppm of carrier frequency(Fc = 30GHz), unexpected peak happened from time domain OCC. It is because the initial phase of the second symbol would be inversed due to relative high frequency offset to subcarrier spacing. The received baseband symbols under presence of CFO as follows : 




where is the normalized frequency offset, the ratio of frequency offset to the subcarrier spacing. If two identical RACH OFDM symbols are transmitted consecutively like option 2 with time domain OCC set 0, the corresponding signals with CFO of are related with each other as follows: 


Figure 3. An example on phase distortion due to residual CFO and mobility in option 2
As can be seen Figure 3, the phase distortion due to residual CFO and mobility can be represented as linear phase in time domain. The phase difference between two consecutive RACH OFDM symbols can be represented as follow:





 where denotes the element of time domain OCC (). The initial phase term of second symbol may change its sign value according to  increases. 
Observation 2:. Unexpected time domain OCC index is detected when residual carrier frequency to subcarrier spacing is high and high mobility case. 
Observation 3: Option 2 with time domain OCC for RACH capacity enhancements could be used in scenarios that support larger subcarrier spacing and low mobility. 
Table 2 shows the relative comparison among three options. 

Table 2. Comparisons between among three options for preamble format
	
	Option 1
	Option 2 with Time domain OCC
	Option 4

	The number of supportable Beams under constant time interval
	Option 1 > Option 2 = Option 4

	RA latency
	Option 1 < Option 2 = Option 4

	Coverage
	From small cell to wide cell
	Wide cell
	Wide cell

	RACH capacity
	M
	M x N
(N : OCC length)
	M2

	False alarm prob.
	Option 1 = Option 2 < Option 4



From Table 2, the features between Option 2 and 4 seem like similar. However, since beamforming with large number of beams may operate at high frequency to overcome path-loss, it seems reasonable to assume relatively small cell so that it doesn’t have to be considered very large number of UEs. Thus, Option 2 is preferred to enhance RACH capacity enhancement for multiple/repeated RACH preamble transmission with multiple beam operation. 
Proposal 1 :  Support Option-2 with time-domain OCC in case that there is a request to enhance the number of available preamble IDs in a RACH Tx occasions, e.g. multiple DL Tx beams are associated with one RACH Tx occasion, which requires preamble grouping to indicate each DL Tx beam. 
While striving for the purpose of increasing the available preambles within one cell, another issue need to be considered is the inter-cell interference. In the legacy LTE system, the DMRS sequence generation will be according to the cell specific sequence hopping, more precisely, the cyclic shift hopping. By borrowing the similar idea, e.g., the cyclic shift value is related to the cell ID, the cyclic shift hopping could be utilized in the preamble sequence generation to alleviate the inter-cell interference.
Proposal 2: NR could consider cyclic shift hopping to alleviate the inter-cell interference.
Discussion on RACH preamble design 
The features of Zadoff-chu sequence are well-known, especially it has two important properties: 
· 
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. For capacity enhancement, we can consider other options such as supporting option 2/2 or allocating different time/frequency resource. Also, Doppler effect can be mitigate to adopt relative larger SCS in preamble format. Thus it is unnecessary to adopt another sequence as a RACH preamble sequence considering complexity and feasibility.
Proposal 3: Considering good correlation properties and low PAPR characteristic, NR supports only Zadoff-chu sequence as a RACH preamble sequence. 
Figure 4 and 5 show the performance of baseline as discussed in #88 meeting. Detailed parameters for baselines are represented in Table 3.  
Table 3. LTE format 0 and 4 for baseline
	 
	Sequence Type
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts (ms)
	CP(Ts)
	GT(Ts)

	Format 0
	Zadoff-Chu
	839
	1.25
	1.08
	1
	1
	1/(30720)
	3168
	x

	Format 1
	Zadoff-Chu
	139
	7.5
	1.08
	1
	1
	1/(30720)
	448
	x



[image: ]
Figure 4. Miss detection performance for baseline – Format 0

[image: ]
Figure 5. Miss detection performance for baseline – Format 1

The performances of above two baselines are similar in SNR perspective since two baselines occupy the same bandwidth for RACH transmission with fixed transmit power. Detailed simulation assumption is represented in appendix. 
The RACH sequence length of 839 was agreed at #88 bis meeting to support the same coverage in LTE. Table 4 shows the proposed PRACH format based on RACH sequence length of 839 with SCS of 1.25. Formats that are defined in LTE for supporting various coverage can be reused. 
Table 4. Proposed PRACH format with the length-839 for below 6GHz
	 PRACH format
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts
(ms)
	Tseq
(Ts) 
	Tcp
(Ts)
	GT
(Ts)
	Max.Cell coverage

	0
	839
	1.25
	1.08
	1
	1
	1/(30720)
	24576
	3168
	x
	14.5km

	1
	839
	1.25
	1.08
	1
	1
	1/(30720)
	2x24576
	6240
	x
	29.5km

	2
	839
	1.25
	1.08
	2
	1
	1/(30720)
	2x24576
	21024
	x
	100km



Formats in table 4 are suitable for below 6GHz, Formats represented in table 4 can support relative small, medium and wide cell. So supporting other values of SCS seems to be redundant. 
Proposal 4: Support subcarrier spacing of 1.25 with RACH sequence length of 839 for below 6GHz.
The long preamble sequence with smaller SCS is not adequate for above 6GHz, especially when beamforming to overcome path-loss is considered. When both TRP and UE use beamforming, the beam between transmitter and receiver need to be aligned in the right direction to obtain maximum beam gain. The time required for achieving this TX-RX beam alignment could be different depending on the number of combinations of TRP beams and UE beams. It would be desirable to have short beam training period for the initial access and/or handover from the latency reduction perspective. For the purpose of beam sweeping in RACH procedure, relative short preamble sequence duration is desirable. That is relative larger SCS as compared to SCS for below 6GHz should be considered. However, considering maximum occupied bandwidth, relative short preamble sequence compared with the sequence length for below 6GHz is desired. There are four alternatives for preamble sequence are discussed at #88 bis meeting, such as 63, 71, 127, and 139. Figure 6 shows the miss detection performance of different sequence lengths. 
As is observed in Figure 6, the length of 139 shows the best performance among all of the 4 sequence lengths. In addition, the longest sequence length can provide the largest number of supportable cyclic shifts value. The length of 127 and 139 can provide the same number of the cyclic shift value, and they occupy the same number of PRBs, i.e 12 PRBs. So remaining subcarriers, 17 and 5 respectively, can act as guard band between RACH and data channel. In LTE, one subcarrier in data channel point of view can act guard band between RACH and data channel. Thus, 5 subcarriers are enough to act as guard band when the length of 139 is adopted. Furthermore, longer preamble sequence provide better cross correlation property as the cross correlation falls off as 1/sqrt(NZC). Hence, it is preferred that 139 be chosen as the PRACH sequence length. 
Proposal 5: Support sequence length of 139 with relative larger SCS for beam sweeping 

[image: ]
Figure 6. Miss detection performance of different sequence lengths, with beam sweeping

In [2], it had been discussed that same subcarrier spacing for uplink data, control channel, and PRACH preamble is beneficial to avoid inter-band interference when gNB performs FFT on data channel and control channel. Even for below 6Ghz, preamble format for beam sweeping should be supported since beamforming can be adopted as well. Figure 7 shows the case that subcarrier spacing for RACH preamble is the same as the subcarrier spacing for uplink data and control channel. 



Figure 7. An example of RACH subcarrier spacing is same as subcarrier spacing for data channel

Proposal 6: Support same subcarrier spacing for PUSCH, PUCCH and PRACH preambles 

Table 5. Proposed PRACH format with the length-139 for below 6GHz
	 PRACH format
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts
(ms)
	Tseq
(Ts) 
	Tcp
(Ts)
	GT
(Ts)
	Max.Cell coverage

	3
	139
	15
	2.085
	13
	1
	1/(30720)
	2048
	2048
	2048
	10km



Figure 8 and figure 9 show the performance with subcarrier spacing, 30kHz, 60kHz, and 120kHz for above 6GHz with and without beam sweeping, respectively. In figure 8, in order to focus on the impact of frequency offset, it is assumed that gNB doesn’t perform beam sweeping. As we discussed, frequency offset of 0.15ppm are considered. Thus, frequency offset increases as carrier frequency increases. This frequency offset can be represented as linear phase distortion in time domain, which harms orthogonal property of RACH sequence within an OFDM symbol. If we consider total frequency offset of 0.15 ppm at 30GHz, normalized frequency offset to subcarrier spacing of 30, 60 and 120kHz can be represented as 0.15, 0.075 and 0.0375, respectively. In the presence of frequency offset introduced from oscillator and Doppler shift resulting from the UE motion in a LOS radio propagation condition, side peaks in PDP can be observed [5]. That is, cyclic shift distortion can be happened due to frequency offset. Relative larger SCS is beneficial to mitigate this impact.

[image: ]
Figure 8. Miss detection performance of different subcarrier spacings, without beam sweeping

[image: ]
Figure 9. Miss detection performance of different subcarrier spacings and mobilities, with beam sweeping
In figure 9, it is assumed that the RACH detection succeeds when the gNB detects at least one RACH symbol during the period that RACH preamble format is transmitted. Using such a RACH receiver, it is observed that the performance improves as mobility increases because time-domain diversity is expected as mobility increases.
Table 6. Proposed PRACH format with the length-139 for above 6GHz
	 PRACH format
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts
(ms)
	Tseq
(Ts) 
	Tcp
(Ts)
	GT
(Ts)
	Max.Cell coverage

	4
	139
	60
	8.64
	13
	1
	1/(4*30720)
	2048
	2048
	2048
	2.5km

	5
	139
	120
	17.28
	13
	1
	1/(4*30720)
	1024
	1024
	1024
	1.25km



[bookmark: _GoBack]Proposal 7: Support subcarrier spacing of 60 and 120 kHz with sequence length of 139 for above 6GHz in NR.
Table 7 : MCL of proposed preamble format 4 to 5
	SCS
	Preamble format 4
	Preamble format 5

	(1) Max. Tx power (dBm)
	23
	12

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

	(3) Receiver noise figure (dB)
	5
	5

	(4) Interference margin (dB)
	0
	0

	(5) Occupied RACH bandwidth (Hz)
	8640000
	17280000

	(6) Effective noise power 
   (2) + (3) +(4)+10log((5)) (dBm)
	-99.96
	-96.6246

	(7) Required SINR (dB)
	-5
	-5

	(8) Receiver sensitivity
  ( (6) + (7) ) (dBm)
	-104.96
	-101.96

	(9) MCL 
   ( (1) – (8) ) (dB)
	127.96
	124.96


Based on the evaluation results and discussions, we propose PRACH format as follows:

Table 8 : Proposed PRACH format
	 PRACH format
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts
(ms)
	Tseq
(Ts) 
	Tcp
(Ts)
	GT
(Ts)
	Max.Cell coverage

	0
	839
	1.25
	1.08
	1
	1
	1/(30720)
	24576
	3168
	x
	14.5km

	1
	839
	1.25
	1.08
	1
	1
	1/(30720)
	2x24576
	6240
	x
	29.5km

	2
	839
	1.25
	1.08
	2
	1
	1/(30720)
	2x24576
	21024
	x
	100km

	3
	139
	15
	2.085
	13
	1
	1/(30720)
	2048
	2048
	2048
	10km

	4
	139
	60
	8.64
	13
	1
	1/(4*30720)
	2048
	2048
	2048
	2.5km

	5
	139
	120
	17.28
	13
	1
	1/(4*30720)
	1024
	1024
	1024
	1.25km


Conclusions
This contribution discusses the RACH preamble design. The observations and proposals are as follows:
Observation 1 :  More opportunities for beam sweeping can be supported for Option 1 as compared to Option 2 and 4
Observation 2:. Unexpected time domain OCC index is detected when residual carrier frequency to subcarrier spacing is high and high mobility case. 
Observation 3: Option 2 with time domain OCC for RACH capacity enhancements could be used in scenarios that support larger subcarrier spacing and low mobility
Proposal 1 :  Support Option-2 with time-domain OCC in case that there is a request to enhance the number of available preamble IDs in a RACH Tx occasions, e.g. multiple DL Tx beams are associated with one RACH Tx occasion, which requires preamble grouping to indicate each DL Tx beam
Proposal 2: NR could consider cyclic shift hopping to alleviate the inter-cell interference.
Proposal 3: Considering good correlation properties and low PAPR characteristic, NR supports only Zadoff-chu sequence as a RACH preamble sequence 
Proposal 4: Support subcarrier spacing of 1.25 with RACH sequence length of 839 for below 6GHz.
Proposal 5: Support sequence length of 139 with relative larger SCS for beam sweeping.  
Proposal 6: Support same subcarrier spacing for PUSCH, PUCCH and PRACH preambles 
Proposal 7: Support subcarrier spacing of 60 and 120 kHz with sequence length of 139 for above 6GHz in NR
Table 8 : Proposed PRACH format
	 PRACH format
	Sequence Length
	Subcarrier spacing [KHz]
	Transmission BW [MHz]
	N_OS
	N_RP
	Ts
(ms)
	Tseq
(Ts) 
	Tcp
(Ts)
	GT
(Ts)
	Max.Cell coverage

	0
	839
	1.25
	1.08
	1
	1
	1/(30720)
	24576
	3168
	x
	14.5km

	1
	839
	1.25
	1.08
	1
	1
	1/(30720)
	2x24576
	6240
	x
	29.5km

	2
	839
	1.25
	1.08
	2
	1
	1/(30720)
	2x24576
	21024
	x
	100km

	3
	139
	15
	2.085
	13
	1
	1/(30720)
	2048
	2048
	2048
	10km

	4
	139
	60
	8.64
	13
	1
	1/(4*30720)
	2048
	2048
	2048
	2.5km

	5
	139
	120
	17.28
	13
	1
	1/(4*30720)
	1024
	1024
	1024
	1.25km
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Appendix
Table 6-1. Simulation assumption 
	Parameter
	Value

	Carrier frequency
	4GHz, 30 GHz

	Subcarrier spacing
	1.25, 7.5, 30, 60, 120 kHz

	CFO 
	0.15 ppm at TRP

	Channel model
	CDL-C with 30 ns delay spread

	Mobility
	3, 60, 120 km/h

	RACH sequence
	ZC-sequence with length 839, 139

	Number of RACH preamble ID 
	64

	Antenna Configuration at TRP
	(M,N,P,Mg,Ng) = (1,1,2,1,1) for sub-6GHz and (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	Antenna Configuration at UE
	(1,1,2) for sub-6GHz and (4,8,2) for above-6GHz




oleObject1.bin
CP


RACH symbol 



image2.emf
CP

2048 Ts

RACH symbol RACH symbol RACH symbol RACH symbol RACH symbol RACH symbol GT

30720 Ts

Effective CP

N

2048-N

One RACH 

symbol

A

One RACH 

symbol

Effective CP for beam 

switching

A

One RACH 

symbol

A

One RACH 

symbol

A

One RACH 

symbol

2048-N = A x m(m = the number of effective CP for 

＇

A'

N : CP length


oleObject2.bin
CP


2048 Ts


RACH symbol


RACH symbol


RACH symbol


RACH symbol


RACH symbol


RACH symbol


GT


30720 Ts


Effective CP


2048-N = A x m (m = the number of effective CP for ＇A'
          N : CP length


N


2048-N


One RACH symbol


A


One RACH symbol


Effective CP for beam switching


A


One RACH symbol


A


One RACH symbol


A


One RACH symbol



image3.wmf
d

f


oleObject3.bin

image4.wmf
c

f


oleObject4.bin

image5.wmf
cos

c

d

vf

f

c

a

=


oleObject5.bin

image6.wmf
v


oleObject6.bin

image7.wmf
c


oleObject7.bin

image8.wmf
[

]

0,

ap

Î


oleObject8.bin

oleObject9.bin

image9.wmf
0

a

=


oleObject10.bin

image10.wmf
(

)

max

c

d

vf

f

c

=


oleObject11.bin

image11.wmf
[

]

[

]

[

]

(

)

[

]

1

2/

0

N

jknN

llll

k

ynHkSkeWk

pe

-

+

=

=+

å


oleObject12.bin

image12.wmf
e


oleObject13.bin

oleObject14.bin

image13.emf
CP SEQ CP SEQ

 

2/

CP

jNNN

e

 



Ncp N

1

1

1

-1

OCC


oleObject15.bin
CP


SEQ


CP


SEQ


Ncp


N


1
1


1
-1


OCC



image14.wmf
[

]

[

]

(

)

2/

2211

CP

jNNN

ynPyneP

pe

+

×=×


oleObject16.bin

image15.wmf
l

P


oleObject17.bin

image16.wmf
[

]

[

]

11,11,1,2

l

Porl

=-=


oleObject18.bin

image17.wmf
(

)

21.6

j

e

pe

×


oleObject19.bin

image18.wmf
(

)

/

offset

ff

D


oleObject20.bin

image19.wmf
j

e

q

-


oleObject21.bin

image20.emf
-35 -30 -25 -20 -15 -10 -5 0

SNR

10

-3

10

-2

10

-1

10

0

M

i

s

s

 

D

e

t

e

c

t

i

o

n

 

P

r

o

b

.

Baseline - Format 0

Format 0, v = 3km/h

Format 0, v = 60km/h

Format 0, v = 120km/h


image21.emf
-35 -30 -25 -20 -15 -10 -5

SNR

10

-3

10

-2

10

-1

10

0

M

i

s

s

 

D

e

t

e

c

t

i

o

n

 

P

r

o

b

.

Baseline - Format 1

Format 1, v = 3km/h

Format 1, v = 60km/h

Format 1, v = 120km/h


image22.png
Miss Detection Prob.

10°¢-

Option 1

107

—&— 5CS = 60kH,

3kmih, L=63
3kmih, L=71
3kmih, L=127
3kmh, L=139
60kmih,
60kmih,
60kmih,
60kmih,
120kmih, L=63
120kmih, L
120kmih, L=127
120kmih, L=139

10?




image23.emf
RACH 

Sequence

CP

CP

T

SEQ

T

Frequency 

＇

N

＇

RBs

C

P

Data 

C

P

Data 

C

P

Data 

C

P

Data 

C

P

Data 

C

P

Data 

C

P

Data 

C

P

Data 

C

P

Data 

C

P

Data 

C

P

Data 

C

P

Data 

C

P

Data 

C

P

Data 

GP

Frequency

 



RACH 

Sequence

RACH 

Sequence

Rx beam #0 Rx beam #1 Rx beam #2 Rx beam #n-1

RACH occasion

Time

Rx beam #n-2

FFT window for data decoding

RACH 

Sequence

RACH 

Sequence

RACH 

Sequence

RACH 

Sequence

RACH 

Sequence

RACH 

Sequence

RACH 

Sequence

Rx beam #3


oleObject22.bin
RACH Sequence



image24.emf
-35 -30 -25 -20 -15 -10 -5

SNR

10

-2

10

-1

10

0

M

i

s

s

 

D

e

t

e

c

t

i

o

n

 

P

r

o

b

.

Option 1, length : 139, v : 3km/h

SCS = 30kHz

SCS = 60kHz

SCS = 120kHz


image25.png
Miss Detection Prob.

108

Option 1

107

Skriz, 3kmih, L=139
Skiiz, 60Km/h, L=139
Skrz, 120kmih, L=139
Okkz, 3kmih, L=139

Okkz, 60Km/h,

o

20kHz, ki,
= 120kHz, 60kmih, L=138
20kHz, 120kmh, L=139

10?




image1.emf
CP

RACH 

symbol 

RACH 

symbol 

RACH 

symbol 

RACH 

symbol 

GT



CP RACH sequence  CP

RACH 

sequence 

RACH sequence GT



Option 1

Option 2

Option 4

CP

RACH sequence with ID 

A

CP

RACH 

sequence 

with ID B

RACH sequence  GT




