3GPP TSG RAN WG1 Meeting #89                          R1-1707593
Hangzhou, China 15th - 19th May 2017
Agenda Item:
7.1.1.4.1
Source: 
LG Electronics

Title: 
Discussion on NR PRACH Preamble
Document for:
Discussion and decision
1. Introduction

In RAN1 #88bis [1], the following agreements on PRACH preamble design for NR were made and basic structure of PRACH preamble was determined with the agreements : (1) Baseline sequence : Pure ZC sequence (2) Two length of ZC sequence (3) More discussion is needed for enhancement of sequences.
	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 sub-carrier spacings for each sequence length

· FFS for other sequence types


In this contribution, we discuss on PRACH preamble design and RACH resource assignment. Also, we provide evaluation results of PRACH preamble.
2. PRACH preamble design & Resource allocation
In this section, considerations of PRACH preamble design for NR are discussed, and finally PRACH preamble format is proposed.
PRACH preamble sequence

In LTE uplink, having low PAPR is one of the key design criteria for UL transmission. Hence, SC-FDMA is used and ZC sequence is used as reference signal and PRACH preamble since it has lower PAPR than binary sequence has and low auto- & cross-correlation property. Based on the property, ZC sequence was decided to be a baseline sequence for PRACH preamble. In addition, other sequence type will be discussed for capacity enhancement, but the contributions in last meeting showed that other sequence type has higher cross correlation property. According to the evaluation results, we propose that only ZC sequence is used as NR preamble sequence in this release unless any clear benefit is provided with other sequence type.

Proposal 1: Unless proposed sequence for capacity enhancement of PRACH preamble could provide clear benefit, only pure ZC sequence should be used as NR preamble sequence.
Sinusoidal modulation on top of option 1
It is well known that ZC sequence provides zero auto-correlation property among cyclic shifted versions of ZC sequence. However, when shorter ZC sequence is used as PRACH preamble, the number of cyclic shift version is reduced, hence the capacity of PRACH preamble is also decreased. Especially, for short ZC sequence based option 1 of PRACH preamble, we need to discuss how to increase the capacity.

In order to increase the number of orthogonal resource, NR can consider FDMA of repeated sequence (in other words, comb-type mapping) as depicted in Figure 1. FDMA of repeated sequence can be interpreted as a kind of Orthogonal Cover Sequence (OCS) of the sinusoidal modulation, which provides additional sequences with zero auto-correlation. 
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(a) Conceptual operation of FDM sequence (Comb-type mapping)
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(b) Frequency mapping of repeated RACH sequence
Figure 1. FDMA of repeated sequence
When the sinusoidal modulation is adopted, the maximum number of orthogonal resource is proportionally increased according to the number of repetition of PRACH sequence. However, in case of high speed, cross talk to other orthogonal covered sequence is occurred due to large frequency offset, hence it is needed to limit the number of OSC of the sinusoidal modulation in order to prevent performance degradation from cross talk. Also, this can be operated by network configuration. In following section, we provide the performance evaluation of the PRACH preamble with OCS of sinusoidal modulation. 
Proposal 2: In order to increase the number of orthogonal resource, NR can consider FDMA of repeated sequence (in other words, comb-type mapping), which can be interpreted as a kind of Orthogonal Cover Sequence (OCS) of the sinusoidal modulation.
PRACH sequence length and sub-carrier spacing
In last meeting, usage of short sequence for PRACH preamble was decided, taking into consideration followings;

· High Doppler frequency offset for high speed requirement (Up to 500km/hour) 
· Unified design with FDD and TDD slot structure 
· Beam scanning operation of PRACH preamble in case beam correspondence does not hold at gNB. 
Remaining items for design of PRACH preamble sequence is the sequence length (it is related to sub-carrier spacing), and it will be chosen between 63/71 and 127/139. When comparing between lengths, shorter length is beneficial in terms of beam scanning flexibility and longer length is so in terms of the number of root code. Considering the scenario of deploying a lot of cells in small region, the shortage problem of the number of root code may be a more important problem, and it is proposed that the sequence length of 139 with {7.5, 15, 30, 60, 120}kHz sub-carrier spacing is adopted as numerology of PRACH preamble.
Proposal 3: The sequence length of 139 with {7.5, 15, 30, 60, 120}kHz sub-carrier spacing is adopted as numerology of PRACH preamble.
Preamble format
CP, preamble and guard duration are considered as the components of the preamble format. Generally, CP duration and guard duration is related to cell radius, and the preamble duration has a relation to link budget. It is proposed that three types of preamble formats should be defined, which has its own CP length per sub-carrier spacing to cover small, medium and large cell coverage. Preamble duration can be increased by sequence repetition for the purpose of beam scanning operation at gNB side in multi-beam scenario, where the repetition factor is dependent on the number of receiving beams at gNB. Therefore, preamble duration is not necessarily fixed as a component of preamble format, but it can be configured by means of preamble repetition factor. Guard duration can be reserved by configured preamble duration, RACH resource allocation and gNB scheduling.
Proposal 4: For the short sequence, three types of preamble formats should be defined, which has its own CP length per sub-carrier spacing to cover small, medium and large cell coverage.
Proposal 5: PRACH preamble format is signalled by means of CP type(length) and preamble repetition factor. 
Preamble format can be reused for all band, with full scalability for default sub-carrier spacing (or scalable parameter can be configured by gNB), and Table 1 is the proposed NR RACH preamble format with default sub-carrier spacing of 15kHz.
Table 1. Preamble format for NR PRACH (Default sub-carrier spacing = 15kHz)
	Preamble format
	Sub-carrier spacing
	Bandwidth
	CP duration
	Preamble duration

	Long #1
	1.25 kHz
	1.08 MHz
	103 us
	800 us

	Long #2
	
	
	690 us
	800 us

	Long #3
	
	
	203 us
	1600 us

	Long #4
	
	
	690 us
	1600 us

	Short #1
	7.5 kHz
	
	22.2 us
	N * 133.3 us

	Short #2
	
	
	66.7 us
	N * 133.3 us

	Short #3
	
	
	133.3 us
	N * 133.3 us


Note. Long sequence is used just for below 6GHz. / N is fully configurable by gNB
RACH resource allocation

NR system may use multiple beams in mmWave environment. In this situation, signals for initial access (e.g. synchronization signal, RACH signal, etc) should be transmitted in each direction of beams, and a subset of RACH resources may be linked with SS block in same beam direction for initial beam acquisition.
Subsets of RACH resources for each beam are multiplexed in time domain considering analogue beam-forming. If the duration of a subset of RACH resource per beam is shorter than normal slot duration, multiple RACH resources can be allocated within a slot for efficiency of resource usage as shown in Figure 2. In this scenario, it is needed that starting point of a subset of RACH resource for each beam is aligned with OFDM symbol boundary of data channel for efficient scheduling with a consideration of beam steering of RACH resources.
Proposal 6: Starting point of a subset of RACH resource for each beam is aligned with OFDM symbol boundary of data channel for efficient scheduling with a consideration of beam steering of RACH resources.
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Figure 2. RACH resource element and RACH resource allocation
3. Evaluation results 
In this section, we provide performance comparison between coherent detection and non-coherent detection. In this evaluation, it is assumed that the repetition factor of sequence for PRACH preamble is 4 and subcarrier spacing is 7.5kHz. Detail assumptions are provided in Annex. 
Coherent with OCS vs Non-coherent detection performance

1) Performance can be improved by coherent combining even with OCS.

Comparing to the long sequence, the additional advantage of using the short preamble sequence is usage of coherent detection as shown in Figure3. It is observed that coherent detection has better performance than non-coherent scheme due to combining gain in low Doppler frequency spread. 
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Figure 3. Detection error probability: Comparison coherent and non-coherent detection.
Due to zero-correlation property, conherent detecion for long sequence is greatly affected by frequency spread. However, using multiples of short sequence wih OCS, Flexible usage of coherent detection can be possible and it will better performance than previous.

Performance in high Doppler freq. (false alarm performance)
As mentioned before, to support short sequence length, the OCS or OCC is required to provide capacity enhancement. However, in High Doppler frequency spread condition, the cross correlation between other orthogonal cover sequences (what is called “cross talk”) will increase, and the false alarm probability would increase. In this section, the cross talk will be discussed and we propose a following solution to resolve them. In this section, we assume 4 multiple of 7.5kHz subcarrier spacing, In all cases, detection threshold is so fixed as to satisfy the false alarm rate requirement at low Doppler frequency environment. The channel model used is EVA with Doppler spread frequency from 100Hz to 600Hz..
1) Cross talk to other OCS or OCC occurs as Doppler freq. increases
The effect of cross talk is illustrated in Figure 5. Considering 139 sequence length with 18 cyclic shift offset, 8 cyclic shift version is generated for each root code. When we 4 orthogonal cover sequences for 4 times sequence repetition, total 32 number of RACH preamble sequences could be used. As shown in Figure 5, in high Doppler frequency spread, the false alarm performance degrades due to larger cross talk for an adjacent orthogonal sequence in frequency domain. while the detection performance is not degraded seriously. 
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(a) Detection Probability
[image: image6.png]False Alarm Probability

o
wu

04 ——100Hz
200Hz
03 ——300Hz
400Hz
02 ——500Hz
600HZ
0.1
0 = - - e ———— T e
-20 -15 -10 -5

SNR [dB]





(b) False Alarm Probability 
Figure 5. Performance effect of Doppler frequency spread according to OCC configuration
2) Cross talk would be removed if OCS configuration is changed 
To resolve the previous effect of cross talk, the number of available OCS needs to be limited. For example, in order to protect orthogonal property in high Doppler spread environment, we can configure just two OCS index {0,2} among 4 possible OCS indices with 4 repetition. In that case, the available number of preamble sequence with one ZC sequences would be decreased so that additional ZC sequence is needed and different OCS index set is used for the additional ZC sequences. In our simulation, OCS index set {0,2} for root code index {15, 128} is used and {1, 3} for {27, 135}. In figure 6, it is shown that the false alarm degradation in high Doppler frequency spread can be resolved by OCS configuration. With gNB configuration depending on the cell deployment environment, we can reduce the effect of cross talk caused by high Doppler frequency.
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 (a) Detection Probability
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(b) False Alarm Probability 
Figure 6. Performance effect of Doppler frequency spread according to enhanced OCC configuration
Performance in case of multi-UE transmission scenario
In this chapter, the effect of usage of lots of root codes is evaluated in case of multi-UE transmission at once. We assume that seven or one preamble sequence which came from each other arrive at receiver at the same time. From Figure 6, Comparing to single-user transmission, the detection performance degraded in multi-user transmission. Lots of root index preamble sequences are selected from each user, and then cross-correlation would increases. To resolve the problem, when additional root index sequence is needed, different configuration value or Cover sequence have to be assigned to maintain the property of zero-auto correlation.    
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Figure 6. Detection Probability in Multi-user Transmission
In summary, in multiples of sequence scenario, OCC or OCS with coherent detection is preferable for than previous long sequence. Furthermore, Cover sequences of weakness properties in high Doppler frequency spread and increased high cross-correlation with other neighbor codes can be complemented by using the FDM (frequency offset of comb-type mapping) for these repeated sequences.
4. Conclusion
For RACH preamble design and resource allocation, our proposals are shown in followings.
Proposal 1: Unless proposed sequence for capacity enhancement of PRACH preamble could provide clear benefit, only pure ZC sequence should be used as NR preamble sequence.
Proposal 2: In order to increase the number of orthogonal resource, NR can consider FDMA of repeated sequence (in other words, comb-type mapping), which can be interpreted as a kind of Orthogonal Cover Sequence (OCS) of the sinusoidal modulation.
Proposal 3: The sequence length of 139 with {7.5, 15, 30, 60, 120}kHz sub-carrier spacing is adopted as numerology of PRACH preamble.
Proposal 4: For the short sequence, three types of preamble formats should be defined, which has its own CP length per sub-carrier spacing to cover small, medium and large cell coverage.
Proposal 5: PRACH preamble format is signalled by means of CP type(length) and preamble repetition factor. 
Proposal 6: Starting point of a subset of RACH resource for each beam is aligned with OFDM symbol boundary of data channel for efficient scheduling with a consideration of beam steering of RACH resources.
5. Annex
Table A1. Simulation assumptions
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL-C

	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

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

	Frequency Offset
	0.05 ppm at TRP , 0.1 ppm at UE


