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1. Introduction

This contribution is a re-submission of R1-1715849 in RAN1 AH#3. 
In last meetings, some enhancement schemes for PRACH preamble capacity were proposed, but following conclusions were reached for continuing discussion in next meetings.
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In this contribution, we discuss about sequence shortage and large interference from other cell or UEs due to short sequence and the PRACH preamble capacity scheme is proposed
2. PRACH preamble design
Necessity of Capacity enhancement
In NR system, it was agreed that the short sequence (L =127 or 139) is adopted for RACH preamble and repetition of the short sequence is used for coverage (or performance) enhancement. With short sequence, the number of cyclic shift version is limited which provides zero cross-correlation between sequences and the number is given in Table 1 according to cell radius and sub-carrier spacing. With an assumption of cell radius of tens to hundreds meters, the number of cyclic shift version of sequence is less than 10.
Table 1. The number of cyclic shift version (L=139)

	SCS
	Cell radius
	Max. channel delay
	Cyclic shift (sample)
	The number of CS

	15kHz
	500 m
	3 usec
	14
	9

	30kHz
	300 m
	 2 usec
	17
	8

	120kHz
	100 m
	0.5 usec
	20
	6

	120kHz
	50 m
	0.5 usec
	14
	9


In order to provide larger number of preamble sequence with small number of cyclic shift, more RACH time/frequency resources should be allocated for RACH preamble transmission. In this case, system throughput is limited by more RACH time/frequency resource, especially for the cell with small system bandwidth. As other method, more root sequences can be used in a RACH time/frequency resource. However, cross correlation between root sequences is larger than cyclic shift version and the receiver performance of RACH preamble would be degraded, which is shown in figure 4 (RACH performance in case of multi-UE transmission).
Regardless of sequence capacity, the different root sequences must be allocated to each cells. Since the cross correlation between different root sequences is not zero as discussed in above, the RACH performance is limited by inter-cell interference similarly to intra-cell environment as mentioned above. In order to improve RACH performance, it is preferable the sequences with as low cross correlation as possible is allocated among neighbour cells. However, different cyclic shift version cannot be used because the fine timing in sample level should be adjusted between cells. Therefore, investigation of sequence in terms of inter-cell interference might be needed, especially for the interference limited scenario, in addition to capacity enhancement.
Proposal 1: Enhancement of RACH preamble sequence is taken into consideration in term of inter-cell interference as well as capacity enhancement. 
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 or the number of low correlation sequence, 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 and/or reduce inter-cell & intra-cell interference between RACH preamble, 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.
3. Performance in high Doppler freq. (false alarm performance)
As mentioned before, to support short sequence length, the OCS or OCC can be 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 2. Considering 139 sequence length with 18 cyclic shift offset, 8 cyclic shift version is generated for each root code. When we use 4 orthogonal cover sequences for 4 times sequence repetition, total 32 number of RACH preamble sequences could be used in a time/frequency resource. 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
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(b) False Alarm Probability 
Figure 2. 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 3, 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 3. Performance effect of Doppler frequency spread according to enhanced OCC configuration
Performance in case of multi-UE transmission scenario
In this section, the effect of usage of lots of root codes is evaluated for the case of multi-UE transmission (which is considered as both intra-cell and inter-cell environment). We assume that seven or one preamble sequence which came from each other arrive at receiver at the similar time. From Figure 4, comparing to single-user transmission, the detection performance is degraded in multi-user transmission because preamble sequence from multiples root sequences are selected by each user and cross-correlation would increases. To resolve the problem, when additional root sequence is needed, different configuration value or orthogonal cover sequence can be assigned in order to maintain the property of zero-auto correlation and keep the performance as low as possible. As shown in figure 4, when different OCS index is assigned to each root sequence (8 root codes without OCS vs 2 root code with 4 OCS in the simulation), we can observe that the RACH performance is not degraded seriously.
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Figure 4. Detection Probability in Multi-user Transmission
4. Conclusion
Proposal 1. Enhancement of RACH preamble sequence is taken into consideration in term of inter-cell interference as well as capacity enhancement. 
Proposal 2. In order to increase the number of orthogonal resource and/or reduce inter-cell interference between RACH preamble, 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.
Conclusions


Continue study on necessity of RACH capacity enhancement and possible solutions (if capacity enhancement is necessary) until next meeting with considering at least following aspects 


Capacity limit due to short sequence length (e.g., which can be applied to beam sweeping)


Capacity due to higher subcarrier spacing


Supported cell radius as function of PRACH preamble reuse distance


Capacity impact due to cell radius impact on Ncs


Possibility to exploit spatial separation


Arrival rate of UEs within a beam/cell








