3GPP TSG RAN WG1 Meeting NR#2                        R1-1710268
Qingdao, P.R. China 27th – 30th June 2017

Agenda Item:
5.1.1.4.1
Source: 
LG Electronics

Title: 
Discussion on NR PRACH Preamble format details
Document for:
Discussion and decision
1. Introduction 
In RAN1 #89 [1], the following agreements on PRACH preamble design for NR were made and basic structure of PRACH preamble was determined with the agreements:
	Agreements:

· NR supports PRACH preamble formats 0 and 1 for the sequence length of 839
· NR at least supports subcarrier spacing of:
· 1.25 KHz
· which one of 2.5 kHz or 5kHz will be supported
· 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


In this proposal, we discuss on the necessity of restriction set for long sequence based PRACH preamble. Also, we propose short sequence based PRACH preamble format.
2. PRACH preamble format
Restriction sets for long sequence based PRACH preamble format
NR should be operated in very high speed environment (i.e. 500km/h) at higher frequency range. Therefore, it is required that robust NR-PRACH preamble is designed against the higher Doppler spread. If larger SCS is applied, the Doppler spread effect might be mitigated. For this reason, the 5 kHz SCS was adopted for high speed environment instead of 1.25kHz SCS. However, it is hard to ignore the distortion of cyclic shift generated by very high Doppler spread even if larger SCS is adopted. Table 1 provides the Doppler spread under different frequency and speed. 
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


NR should support up to 500km/h velocity. In this case, it leads to a 2780Hz Doppler spread at 6GHz, and it occupies 55.6 percent of 5 kHz SCS. From this analysis, we can see that the distortion of cyclic shift cannot be ignored. Therefore, NR should support the cyclic shift restriction in order to prevent from side peaks caused by Doppler spread. Also, further study is needed. 
Observation 1: In the case of the ZC sequence, a Doppler spread causes a distortion to the cyclic shift, resulting in a false alarm peak and it can in no way be negligible for supporting 500km/h speed even if larger SCS is adopted.
Proposal 1: NR should support the cyclic shift restriction in order to prevent from side peaks caused by Doppler spread. Also, further studies are needed.
Short sequence based PRACH preamble format
We provide RACH preamble format design for short preamble sequence considering constraints or requirements. In NR, one slot (1ms for 15kHz SCS) is composed of 14 OFDM symbols. For UL only slot of FDD or TDD system, all of these 14 OFDM symbols can be used as RACH resources in a slot as shown in Fig. 1-A. Meanwhile, the maximum number of available OFDM symbols is 12 in TDD system due to considering slot structure as depicted in the Fig. 1-B (one symbol for DL control, and one symbol for UL-DL switching time in gNB if needed).
Observation 2: 12 OFDM symbols and 14 OFDM symbols in a slot could be taken into consideration as the baseline of slot format for RACH resources.
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Figure 1. The maximum available number of RACH symbols within 1 sub-frame
Next we need to discuss cyclic prefix (CP) and guard time (GT) for RACH preamble. When two short preambles are consecutively transmitted in time as shown in Fig. 2-(A), GT between RACH preambles does not need to be defined since the CP of the second RACH preamble can be used as GT of first RACH preamble. However, if the data channel is transmitted after RACH preamble transmission, the GT is necessary to protect them as shown in Fig. 2-(B).
Observation 3: GT between RACH preambles is not needed in case of consecutive allocation of RACH preamble within a slot.
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Figure 2. RACH preamble format according to with / without GT
Next, we can consider timing alignment between RACH and data/control channel. If the RACH preamble reuses the same sub-carrier spacing as SCS for data/control channel and is aligned with symbol boundary of data channel, there might be benefits in some aspects as described in below. 

1. Same FFT can be used for reception of both RACH and PUSCH if receiver does not use some part of RACH preamble

2. Beam can be switched at the OFDM symbol boundary, and PUSCH or PUCCH can be scheduled in frequency resource outside of RACH resources without any loss of OFDM symbol.

Observation 4: Boundary of RACH preamble should be aligned with OFDM symbol boundary for receiving beam alignment with PUSCH or PUCCH and efficient receiving beam sweeping.
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Figure 3. Symbol boundary alignment between RACH and DATA
In addition to above discussion, if we consider that a slot is almost fully used for RACH resources for efficient resource usage, 2/4/6/12/14 can be proposed as the candidate number of sequence repetition. Finally, based on the proposed number of sequence repetition, candidate length of preamble formats and alignment within a slot are elaborated in figure 4 below and details on the formats to be supported for PRACH preambles are given in Table 2.
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Figure 4. RACH preamble format and corresponding RACH resource allocation
Proposal 2: Following table is used as preamble format for short sequence
Table 2. Short preamble sequence format for NR PRACH 
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S15-2A1
	15
	2
	1
	2048*2
	144*2
	0

	S15-2A2
	15
	2
	1
	2048
	2048+144*2
	0

	S15-2B
	15
	2
	1
	2048
	1240
	1096

	S15-4A1
	15
	4
	1
	2048*4
	144*4
	0

	S15-4A2
	15
	4
	1
	2048*3
	2624
	0

	S15-4B
	15
	4
	1
	2048*3
	1384
	1240

	S15-6A1
	15
	6
	1
	2048*6
	144*6
	0

	S15-6A2
	15
	6
	1
	2048*5
	2912
	0

	S15-6B
	15
	6
	1
	2048*5
	1528
	1384

	S15-12
	15
	12
	1
	2048*11
	1960
	1816

	S15-14
	15
	14
	1
	2048*13
	2104
	1960


Ts = 1/(30720) ms;
Note : Preamble format can be scaled according to subcarrier spacing. (Ts =1/(2*30720) ms for 30kHz subcarrier spacing, Ts =1/(4*30720) ms for 60kHz subcarrier spacing, Ts =1/(8*30720) ms for 120kHz subcarrier spacing)
As shown in Table 2, three preamble formats are defined for same number of OFDM symbols, and use case for each format is given as follows.

· Format A : One OFDM symbol after RACH resource set is used as guard time as shown in figure 4-1 (b), (c), (d) and figure 4-2 (c),(d) because CP can be used as GT between RACH preambles.
· Format A-1 : Maximum cell radius depends on the number of OFDM symbol (related to the number of sequence repetition), and all sequences is used for reception of RACH preamble.
· Format A-2 : In terms of receiver complexity, it may be beneficial that FFT processing for reception of RACH preamble is operated in a unit of OFDM symbol aligned with PUSCH or PUCCH. In this case, first OFDM symbol can be used as CP and only last N-1 sequences is used for reception of RACH preamble. Maximum cell radius is fixed as about 8.5km with this format.
· Format B : In some cases (especially large repetition cases), preambles could not be allocated within a slot if guard time is not defined for a preamble format. Guard time needs to be defined for a preamble format as shown in figure 4-1 (a) and figure 4-2 (a), (b).
Based on the discussion, we propose three preamble formats according to different use cases.
3. Conclusion 
In this contribution, we discussed on the necessity of restriction set for long sequence based PRACH preamble and short sequence based PRACH preamble format. As a conclusion of the discussion, we summarized observations and proposals as followings:
Observation 1: In the case of the ZC sequence, a Doppler spread causes a distortion to the cyclic shift, resulting in a false alarm peak and it can in no way be negligible for supporting 500km/h speed even if larger SCS is adopted.
Observation 2: 12 OFDM symbols and 14 OFDM symbols in a slot could be taken into consideration as the baseline of slot format for RACH resources.
Observation 3: GT between RACH preambles is not needed in case of consecutive allocation of RACH preamble within a slot.
Observation 4: Boundary of RACH preamble should be aligned with OFDM symbol boundary for receiving beam alignment with PUSCH or PUCCH and efficient receiving beam sweeping.
Proposal 1: NR should support the cyclic shift restriction in order to prevent from side peaks caused by Doppler spread. Also, further studies are needed.
Proposal 2: Following table is used as preamble format for short sequence
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S15-2A1
	15
	2
	1
	2048*2
	144*2
	0

	S15-2A2
	15
	2
	1
	2048
	2048+144*2
	0

	S15-2B
	15
	2
	1
	2048
	1240
	1096

	S15-4A1
	15
	4
	1
	2048*4
	144*4
	0

	S15-4A2
	15
	4
	1
	2048*3
	2624
	0

	S15-4B
	15
	4
	1
	2048*3
	1384
	1240

	S15-6A1
	15
	6
	1
	2048*6
	144*6
	0

	S15-6A2
	15
	6
	1
	2048*5
	2912
	0

	S15-6B
	15
	6
	1
	2048*5
	1528
	1384

	S15-12
	15
	12
	1
	2048*11
	1960
	1816

	S15-14
	15
	14
	1
	2048*13
	2104
	1960
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