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1. Introduction
In previous RAN1 meetings, there were some agreements reached on the PRACH design related to capacity enhancement as shown below [1, 2].
	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
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
· UE distribution within cell




This contribution discusses PRACH capacity issues especially for PRACH of short length (L=139)
2. PRACH capacity 
[bookmark: _GoBack]It has been discussed whether there is additional schemes to increase the capacity of PRACH compared to LTE. The basic design target is that NR should be able to provide the same PRACH capacity with LTE. At the last RAN1 meeting, it was agreed that 4 options were used for PRACH of L=839 as shown in table 1.
Table 1: PRACH format of L=839
[image: ]
PRACH format 0 and 1 are exactly the same as the LTE PRACH so we can assume that there is no capacity issue for PRACH of L=839. However, we may need further discussion on the capacity of PRACH of L=139.
The PRACH capacity is highly related to the inter-cell interferences. Since different root sequence is used for each cell, PRACH capacity is limited by the amount of inter-cell interference. The main use case of the PRACH of L=139 is the high frequency band (above 6GHz) with larger number of beams. Therefore, the inter-cell interference characteristics are different from the low band frequency band case (below 6GHz). Therefore, it is required to see the inter-cell interference for the deployment scenarios using high frequency band.
In the following figures 1~5, we have summarized the inter-cell interference characteristics of various deployment scenarios assuming high frequency band (28GHz). Figures are comparing SNR (ratio of signal to noise), SIR (radio of signal to inter-cell interference), and SINR (ratio of signal to sum of noise and inter-cell interference) for determining the deployment is noise-limited or interference-limited. We have assumed that the average number of UEs per cell are 1 and 0.1 considering the typical load. Detailed evaluation assumptions are based on the NR study item TR [3].
Figures are showing that the inter-cell interference is significantly small compared to noise level especially for low density scenario (number of UEs = 0.1 per cell). Even for high UE density scenario (number of UEs = 1 per cell), the interference is still much lower than the single-beam scenario where interference is a dominating factor for SINR. The utilization of the sharp beam is the main reason for achieving this noise-limited situation. So based on the evaluation results, we can simply assume that the PRACH for multi-beam scenario experiences noise-limited situation. Considering that, it is possible to increase the reuse factor of PRACH compared to interference limited situation, which can increase the capacity of PRACH.
Another aspects to be considered for the capacity enhancement is whether it is possible to configure multiple RACH resources. Basically, there are plenty of frequency resources for high frequency band. In [4], it was agreed that for frequency range from 6 GHz to 52.6 GHz, the minimum possible carrier bandwidth for NR is 50 MHz. The PRACH sequence of length 139 occupies less than 10MHz, so it is possible to flexibly configure multiple PRACH resources in frequency domain without any restriction both to UE and gNB in order to increase the PRACH capacity. 
Finally, high frequency band is not likely to be used for very large cell. Small cells, medium cells, or indoor cells are the most typical scenarios for high frequency band. Therefore, it is possible to configure large number of cyclic shifts under the single root sequence, which can also increase the PRACH capacity.

Observation: 
· For high frequency band (above 6GHz), following aspects can increase the PRACH capacity
· PRACH can experience noise-limited situation by utilizing large number of antennas
· It is possible to flexibly configure multiple PRACH resource in frequency domain
· It is possible to configure large number of cyclic shifts under the single root sequence. 

Based on the discussions and observations, we simply reached to the conclusion that currently agreed PRACH format (pure ZC sequence with option 1) is sufficient and no additional enhancement features are required for capacity enhancement.
Proposal: 
· No additional capacity enhancement features for PRACH
· Pure ZC sequence is used (L=139)
· Option 1 is only supported for repeated format.
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Figure 1: Dense Urban Macro scenario (Macro layer Only, ISD=200m)
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Figure 2: Dense Urban Micro scenario (Micro layer only)
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Figure 3: Dense Urban scenario (ISD=500m)
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Figure 4: Indoor Hotspot scenario (UE Tx Power = 23dBm)
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Figure 5: Indoor Hotspot scenario (UE Tx Power = 3dBm)

3. Conclusion
This contribution discusses the remaining details on PRACH preamble with the following proposals
Observation: 
· For the PRACH capacity discussion for high frequency band (above 6GHz), following aspects should be taken into account
· PRACH can be assumed as noise-limited situation by utilizing large number of antennas
· It is possible to flexibly configure multiple PRACH resource in frequency domain
· It is possible to configure large number of cyclic shifts under the single root sequence. 

Proposal:
· No additional capacity enhancement features for PRACH
· Pure ZC sequence is used (L=139)
· Option 1 is only supported for repeated format.
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Format   L   SCS 

(kHz)

  BW 

(MHz)

  N_OS   N_RP   T_SEQ 

(Ts)

  T_CP 

(Ts)

  T_GP 

(Ts)

  Use case  

0   839   1.25   1.08   1   1   24576   3168   2976   LTE  

1   839   1.25   1.08   2   1   2*24576   21024   21904   Up to 100km  

3 (WA)  839   5   4.32   1   1   4*6144   3168   2976   High speed case  

4 (3.5ms)   839   1.25   1.08   4   1   4*24576   4688   4528   Coverage 

enhancement 
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