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1. Introduction
At the RAN1#88bis meeting, random access channel and procedure for multi-beam operation were discussed. Regarding the RACH preamble, the following conclusion and agreements were reached [1].

	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

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 subcarrier spacings for each sequence length
· FFS for other sequence types

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



In this contribution, we provide our views on PRACH sequence design based on evaluation results. Finally we give proposal on list of preamble formats and evaluation results for each proposed preamble formats.

2. PRACH preamble Design
2.1. Sequence type and length
·  Sequence type
RAN1 agreed Zadoff-Chu sequence is adopted to NR PRACH, while other sequence types for specific scenario are FFS. However, supporting multiple sequence types would cause complexity of preamble format definition, impact on test spec and implementation/operation complexity. Also, Zadoff-Chu sequence can cover general use cases by different parameters for each of use cases. Therefore, we should initially focus on PRACH format design based on Zadoff-Chu sequence for general use cases unless significant benefit from other sequence type is confirmed.
Proposal 1: PRACH format design based on Zadoff-Chu sequence should be focused unless significant benefit from other sequence type is confirmed.

· Sequence length of Zadoff-Chu sequence
 RAN1 agreed to support NR-PRACH sequence length of 839 and additional one sequence length, and it will be selected from 63, 71, 127 and 139. NR-PRACH with sequence length of 839 and SCS of 1.25*N kHz has transmission bandwidth about 1.08*N MHz. Similar to this, NR-PRACH with sequence length of 71 or 139 and SCS of 7.5*N or 15*N kHz has transmission bandwidth about 1.08*N MHz. On the other hand, NR-PRACH with sequence length of 63 or 127 has slightly different bandwidth. It may cause some complex design for RACH resource/occasion. In addition, there should be no significant performance difference between sequence length 63 and 71 and between 127 and 139 if pure Zadoff-Chu sequence is used for PRACH. Therefore, we can focus on 71 and 139 for further down selection. 
In NR, multiple RACH resources can compensate the lack of capacity even when short sequence length is applied [2]. Especially for above 6GHz frequency bands, large amount of frequency resources would be available thanks to wide bandwidth, and required PRACH capacity would be low because of small cell radius, while for below 6GHz frequency bands, sequence length of 839 can be used for high capacity case. In addition, sequence length of 71 is more flexible to variety of capacity requirement since it requires smaller resource unit size and gNB can configure required number of time/frequency resources aligned with the capacity requirement. Therefore, we propose to support sequence length of 71 for Zadoff-Chu sequence in addition to 839.
Proposal 2: NR should support sequence length of 71.

2.2. Subcarrier spacing
Subcarrier spacing for PRACH can be different from subcarrier spacing for data/control on the same carrier. Narrower subcarrier spacing for PRACH is beneficial in terms of coverage thanks to higher PSD, while PRACH symbol length becomes longer. Due to half duplex constraint, long PRACH symbol length prevents any DL transmission including DL control channel. Therefore, we think NR PRACH format should support some variety of subcarrier spacing for PRACH for each frequency band/range so that NW can choose it based on subcarrier spacing used for data/control, coverage requirements and so on.
Subcarrier spacing for PRACH is also related to robustness against frequency offset e.g., Doppler effect in high speed scenario. In LTE, Ncs restricted set is available for high speed scenario, but it has drawback such as decreased capacity. In NR, wider subcarrier spacing can be used for PRACH to address Doppler effect in high speed scenario instead of restricted set. Therefore, it is beneficial to support relatively wide subcarrier spacing values for PRACH so that NR does not need to support Ncs restricted set. Based on our evaluation results for high speed scenario shown in Figure 1, subcarrier spacing of e.g., 2.5 kHz and 5 kHz seems work well in very high speed scenario.
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Figure 1 – Misdetection probability at carrier frequency of 4 GHz. 
SCS = left: 1.25 kHz, middle: 2.5 kHz, right: 5.0 kHz

Observation 1: For below 6GHz bands, subcarrier spacing of 1.25 kHz for PRACH shows performance degradation in case of over 120km/h, while subcarrier spacing of 2.5 kHz and 5 kHz for PRACH shows good performance in case of up to 500km/h.
Proposal 3: For below 6GHz bands, relatively wider subcarrier spacing values such as 2.5 kHz or 5 kHz should be considered instead of Ncs restricted set for high speed scenario.

2.3. Consecutive multiple/repeated PRACH preamble options
2.3.1. Support of other options for PRACH capacity enhancement
 RAN1 agreed to support PRACH format based on multiple/repeated RACH OFDM symbols with single CP at the beginning (Option 1). For capacity enhancement, following methods have been proposed [1].
· 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

Option 1 can be used for general usage scenarios RAN1 has discussed so far, such as combining reception of multiple/repeated RACH OFDM symbols for coverage expansion and TRxP Rx beam sweeping during multiple/repeated RACH OFDM symbols. Remaining above possible options such as Option 2 with OCC and Option 4 may be beneficial for PRACH capacity enhancement, but multiple RACH resources can also enhance the PRACH capacity with more flexibility [2]. In addition, Option 2 without OCC would be unnecessary since its usage scenario is unclear. Therefore, we should focus on PRACH format design based on Option 1 only unless clear necessity of other options is clarified. Considering the tight schedule of Rel-15 NR standardization, we propose to focus on Option 1 based design in Rel-15.
Proposal 4: PRACH preamble format design should be based on Option 1 (one or multiple/repeated RACH OFDM symbol(s) with single CP at the beginning) at least for Rel-15 NR.

2.3.2. Number of symbol repetitions for Option 1
  In Option 1, symbol repetition can be used for coverage extension by combining reception and for TRxP Rx beam sweeping.

· Coverage extension
 For some cases such as large cell coverage, symbol repetition for combining reception would be needed. We think that at least one of preamble formats should satisfy the same level of MCL with LTE format 2, i.e. about 142dB for both below 6GHz bands and above 6GHz bands. These formats are shown in Section 2.4, i.e. NR format 4 for below 6GHz bands and NR format 2 for above 6GHz bands.

· TRxP Rx beam sweeping
 For above 6GHz, we should consider TRxP Rx beam sweeping for scenario without TRxP beam correspondence. In such case, the number of TRxP Rx beams can be different depending on TRxP implementation/capability, and hence we can consider multiple formats with some variety of number of symbols. However, supporting large number of different formats is not appropriate in terms of test effort and format indication overhead. Thus, the number of formats for TRxP Rx beam sweeping should be minimized. 
 The number of TRxP Rx beams may depend on the number of SS blocks. At the last meeting, following agreements were reached [3].
	Agreements:
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]
· The way the value of L is reflected in specification is FFS
· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact
· Possibility of having unified frequency agnostic signaling design is not precluded



 However, we think that actual number of TRxP Rx beams would not be the same with the number of SS blocks even without TRxP beam correspondence. For example, TRxP Rx beams for certain RACH resources would be generated based on DL Tx beam, i.e. associated SS block beam. Hence, we propose to support at most 14 repetition symbols within one PRACH format for TRxP Rx beam sweeping case. 14 repetition symbols would be reasonable considering slot length for data/control.
Proposal 5: At most 14 repetition symbols within a PRACH format are supported for TRxP Rx beam sweeping scenario.

2.4. PRACH preamble formats and use cases
PRACH preamble formats/configurations should be classified in different groups at least for below 6GHz bands and for above 6GHz bands since some of formats/configurations would clearly target specific frequency range. In other words, PRACH preamble format/configuration index in RACH configuration for different frequency range should correspond to different preamble format design so that format indication overhead can be reduced. For example, separate tables as shown in Table I and Table IV can be defined in specification. 
Proposal 6: PRACH preamble formats/configurations should be classified in different groups at least for below 6GHz bands and for above 6GHz bands.

Our NR preamble format designs with example of use case descriptions are shown below.

· Below 6GHz bands
Table I – NR PRACH preamble formats for below 6 GHz bands 
[image: ]

For below 6 GHz bands, base subcarrier spacing is 2.5 kHz which can cover high speed scenario of 500km/h. NR format 2 allocates long time resources including long CP/GT for very large cell with large delay spread. In such case, wide subcarrier spacing is not preferred since it causes large CP/GP overhead. Thus, we use subcarrier spacing of 1.25 kHz in some formats. NR format 5 can be used for LTE-NR coexistence case.
The table II and III show the results of MCL of LTE PRACH preamble formats and NR PRACH preamble formats for below 6GHz bands based on required SNR derived by our simulation results in Annex.

Table II – MCL of LTE PRACH preamble formats
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			Note: Initial timing offset for LTE format 4 is uniformly distributed [0, 10us]
     		          Initial timing offset for other formats is uniformly distributed [0, 100us].

Table III – MCL of NR PRACH preamble formats for below 6 GHz bands
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			Note: Initial timing offset for NR format 1 is uniformly distributed [0, 10us]
     		          Initial timing offset for other formats is uniformly distributed [0, 100us].

We can consider MCL on NR preamble formats compared with MCL on LTE preamble formats for each use cases. For instance, MCL of LTE format 0, i.e. typical preamble format for macro cell, is 140dB, MCL of LTE format 2, i.e. preamble format with the maximum MCL, is 142dB and MCL of LTE format 4, i.e. preamble format for small cell, is 134dB as table II shows.
In terms of MCL, our proposed NR PRACH preamble formats target to support maximum MCL which is same level MCL of LTE PRACH preamble format 2 e.g., for large loss cases, and also target to support more variety of MCL compared with that in LTE PRACH preamble formats for various use-cases in NR.
For example, NR format 0 for macro cell has a little lower MCL of 138dB than that of LTE, but we can apply NR format 5 in case NR cell cover the same coverage with LTE cell, e.g. LTE refarming. NR format 1 for small cell is more specific for small cell and short preamble length considering variety of slot/symbol length for data/control instead of loss of MCL.

· Above 6GHz bands
Table IV – NR PRACH preamble formats for above 6 GHz bands
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 For above 6 GHz band, base subcarrier spacing is 60 kHz or 120 kHz.  Since long PRACH format prevents any DL transmission including DL control channel during RACH resource, such wide subcarrier spacing even for PRACH would be beneficial. Furthermore, usage for UL data of the other UEs would be limited depending on TRxP Rx beam direction. Also, drawback of wide subcarrier spacing i.e., low PSD due to wide bandwidth would be moderate because of small cell coverage compared with that for below 6GHz bands. Note that two formats, NR format 3 and 4 with different PRACH format duration are supported for beam sweeping scenarios with consideration for different data/control slot lengths.
 The table V shows the results of MCL of NR PRACH preamble formats for above 6GHz bands based on required SNR derived by our simulation results.

Table V – MCL of NR PRACH preamble formats for above 6 GHz bands
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			Note: Initial timing offset for NR format 1 is uniformly distributed [0, 2.5us]
     		          Initial timing offset for other formats is uniformly distributed [0, 5us].
Note: NR format 3 and 4 are virtually evaluated by only first symbol.
	
 For above 6GHz bands, we should also target the same level of MCL with LTE PRACH preamble formats for each use cases to design NR PRACH preamble formats. Proposed NR format 0, 1 and 2 can satisfy LTE level MCL, while other proposed NR formats can provide more variety.

3. [bookmark: _GoBack]Conclusion
In this contribution, we discussed on PRACH sequence design for NR and provided our proposal on the list of preamble formats. We made the following observations and proposals. 
Proposal 1: PRACH format design based on Zadoff-Chu sequence should be focused unless significant benefit from other sequence type is confirmed.
Proposal 2: NR should support sequence length of 71.
Observation 1: For below 6GHz bands, subcarrier spacing of 1.25 kHz for PRACH shows performance degradation in case of over 120km/h, while subcarrier spacing of 2.5 kHz and 5 kHz for PRACH shows good performance in case of up to 500km/h.
Proposal 3: For below 6GHz bands, relatively wider subcarrier spacing values such as 2.5 kHz or 5 kHz should be considered instead of Ncs restricted set for high speed scenario.
Proposal 4: PRACH preamble format design should be based on Option 1 (one or multiple/repeated RACH OFDM symbol(s) with single CP at the beginning) at least for Rel-15 NR.
Proposal 5: At most 14 repetition symbols within a PRACH format are supported for TRxP Rx beam sweeping scenario.
Proposal 6: PRACH preamble formats/configurations should be classified in different groups at least for below 6GHz bands and for above 6GHz bands.
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[Annex]  Detection probability performance
 We show the evaluation results on our proposed PRACH preamble format and LTE PRACH preamble format as a baseline for comparison. Figures A1 - A3 show the misdetection probability as a function of received SINR per receiver antenna with the subcarrier spacing. Also in section 2.4 we show resulting MCL based on the performance evaluation results. The detailed simulation assumptions aligned with Table A1 including some modification based on email discussion [4].
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Figure A1 – Misdetection probability at carrier frequency of 4 GHz
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Figure A2 – Misdetection probability at carrier frequency of 30 GHz
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Figure A3 – Misdetection probability of LTE format at carrier frequency of 4 GHz



Table A1 – Simulation assumptions.
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL-C, AWGN

	Delay Scaling
	100 ns
	30 ns

	Circular Angle Spread at BS after angle scaling (including subrays)
	ASD: values from sec. 7.7.5.1 in 38.900
ZSD: 1°
	ASD: values from sec. 7.7.5.1 in 38.900
ZSD: 1°

	Circular Angle Spread at UE after angle scaling (including subrays)
	ASA: values from sec 7.7.5.1 in 38.900
ZSA: 5°
	ASA: values from sec. 7.7.5.1 in 38.900
ZSA: 5°

	Circular Mean Angle at BS after angle scaling (including subrays)
	Uniformly distributed
AoD: [-30°,30°]


	Circular Mean Angle at UE after angle scaling (including subrays)
	Uniformly distributed
AoA: [-30°,30°]


	Antenna Configuration at BS
	(M,N,P) = (1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW = 65° in elevation and azimuth, directivity gain 8dB), (dV,dH)=(0.5,0.5) λ

	Mechanical downtilt at BS
	0°

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(1,1,2) with omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection
	One 2D beam generated by the Kronecker product of 2 weights, consisting of 4 beams in vertical plane and 8 beams in horizontal plane

	Frequency Offset
	0.05 ppm at TRP , 0.1 ppm at UE

	UE speed
	3 km/h, 120 km/h, 500km/h
	3 km/h

	Initial timing Offset
	NR format 1 and LTE format 4: Uniformly distributed [0, 10s] i.e. assuming a maximum cell radius of 1.4 km.
For other formats: Uniformly distributed [0, 100s] i.e. assuming a maximum cell radius of 14.4 km.
	NR format 1:
Uniformly distributed [0, 2.5s]
For other formats:
Uniformly distributed [0, 5s]

	Preamble Detector
	Each company should provide details on used algorithm

	FFT size
	2048

	Sampling Frequency
	30.72 MHz

	T_SEQ
	24576

	T_CP
	3158
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Sequence

Type

Sequence

Length

SCS [KHz]

BW

[MHz]

N_OSN_RP Ts (ms) CP(Ts)GT(Ts) Usecase

NR format 0

Zadoff-Chu 839 2.5 2.16 1 1 1/30720 1584 1488 macro cell : up to 7km

NR format 1

Zadoff-Chu 71 15 1.08 1 1 1/30720 224 288 small cell : up to 1.4km

NR format 2

Zadoff-Chu 839 1.25 1.08 2 1 1/30720 21024 21984 very large cell : up to 107km

NR format 3

Zadoff-Chu 839 2.5 2.16 2 1 1/30720 21024 15840 large cell : up to 77km/high speed

NR format 4

Zadoff-Chu 839 2.5 2.16 4 1 1/30720 6240 6048 large loss case

NR format 5

Zadoff-Chu 839 1.25 1.08 1 1 1/30720 3168 2976 LTE refarming/coexistence
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LTE format 0 LTE format 1 LTE format 2 LTE format 3 LTE format 4

140.17dB 140.17dB 141.67dB 142.17dB 134.17dB
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NR format 0 NR format 1 NR format 2 NR format 3 NR format 4 NR format 5

138.16dB 131.17dB 142.17dB 140.66dB 142.66dB 140.17dB
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Sequence

Type

Sequence

Length

SCS [KHz]

BW

[MHz]

N_OSN_RP Ts (ms) CP(Ts)GT(Ts) Usecase

NR format 0

Zadoff-Chu 71 60 4.32 1 1 1/(4*30720) 960 832 macro cell : up to 1km

NR format 1

Zadoff-Chu 71 120 8.64 1 1 1/(4*30720) 480 416 small cell : up to 500m

NR format 2

Zadoff-Chu 71 60 4.32 2 1 1/(4*30720) 1920 1664 large cell/large loss case

NR format 3

Zadoff-Chu 71 120 8.64 14 1 1/(4*30720) 520 504 beam sweeping

NR format 4

Zadoff-Chu 71 120 8.64 7 1 1/(4*30720) 260 252 beam sweeping

NR format 5

FFS FFS FFS FFS FFS FFS FFS FFS FFS FFS
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NR format 0 NR format 1 NR format 2 NR format 3 NR format 4 NR format 5

140.15dB 136.63dB 143.15dB 135.13dB 132.63dB FFS
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