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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At the last meeting, in the contribution [1] and [2] we discussed the problem that the PRACH resources are unevenly distributed, which leads to load imbalance. In this contribution, we further discuss this problem and give more detailed analysis. 
2. Discussion
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK31]The procedure in the present NR MAC specification [3] is that UE determines the next available PRACH occasion when the RACH is triggered, which means that the UE associated with one SSB index will select the earliest available PRACH occasions in time instance and these PRACH occasions includes at least the ones associated with the same SSB index as the UE, and so the latter PRACH occasions associated with the same SSB index will not be selected by UE. It is the reason that causes uneven distributed PRACH load. The PRACH load distribution also depends on below factors:
· the number of SSBs associated with a PRACH occasion
· the value of msg1-FDM in each time instance
· the PRACH Configuration Index
· the number of SSB indexes
The PRACH configurations are explained in Table 6.3.3.2-2, Table 6.3.3.2-3 and Table 6.3.3.2-4 for FR1 and FR2 spectrum in TS 38.211[4]. There is not load imbalance issue for a PRACH Configuration Index 0~86 in Table 6.3.3.2-2 and PRACH Configuration Index 0~66 in Table 6.3.3.2-3 because there is only one PRACH occasion in one PRACH subframe due to preamble format 0~3 length. However, for the rest of PRACH configurations there may be the load imbalance issue because there are multiple PRACH occasions in one PRACH subframe/slot.
Observation1:  There is not load imbalance issue only for a PRACH Configuration Index 0~86 in Table 6.3.3.2-2 and PRACH Configuration Index 0~70 in Table 6.3.3.2-3 [4].
In below, we will give detailed analysis about what imbalance the possibility of PRACH load for different configurations is, e.g., different number of msg1-FDM in each time instance, the number of SSBs associated with a PRACH occasion and etc. The PRACH Configuration Index 96 in Table 6.3.3.2-2 and PRACH Configuration Index 8 in Table 6.3.3.2-4, both tables are from the latest 38.211 [4] are used as an example. 
· PRACH Configuration Index 96 in Table 6.3.3.2-2
Considering the number of SSBs associated with a PRACH occasion, the number of msg1-FDM in each time instance and the number of SSB indexes, there are 8*4*8 =256 combinations. If the number of SSBs and PRACH occasions just completes a SSB-RO mapping, then imbalance issue doesn’t exist, otherwise, this problem is inevitable.
· The configurations without PRACH load unevenly distribution
1. msg1-FDM=1, the total PRACH occasions are 12, 3 SSB indexes, i.e., SSB1, SSB2 and SSB3, a PRACH occasion associates with 1/4 SSB
2. msg1-FDM=1, the total PRACH occasions are 12, 6 SSB indexes, i.e., SSB1 to SSB6, a PRACH occasion associates with 1/2 SSB
3. msg1-FDM=2, the total PRACH occasions are 24, 3 SSB indexes, i.e., SSB1, SSB2 and SSB3, a PRACH occasion associates with 1/8 SSB
4. msg1-FDM=2, the total PRACH occasions are 24, 6 SSB indexes, i.e., SSB1 to SSB6, a PRACH occasion associates with 1/4 SSB
5. msg1-FDM=4, the total PRACH occasions are 48, 6 SSB indexes, i.e., SSB1 to SSB6, a PRACH occasion associates with 1/8 SSB
The total number of configurations without load unevenly distribution is 5.
· The configurations with PRACH load unevenly distribution
For PRACH Configuration Index 96 in Table 6.3.3.2-2, all other configurations have PRACH load unevenly distribution except for the above 5 configurations, so the total number of configurations with PRACH load unevenly distribution is 256-5=251.
Observation2:  For FR1, a given configuration, the ratio of the configurations with PRACH load unevenly distribution is 251/256=98.05%, only 1.95% is the configuration without PRACH load unevenly distribution. 
For PRACH Configuration Index 96 in Table 6.3.3.2-2, the load evenly distribution configuration and the load unevenly distribution configuration are illustrated with examples in Figure 1 and Figure 2 respectively. 




 
Figure 1. The configuration without load evenly distribution for PRACH Configuration Index 96
Figure 1 shows the RO pattern of PRACH configuration index 96 for FR1 and we assume a time instance 4 ROs are FDMed, 6 SSB indexes, i.e., SSB1 to SSB6, a PRACH occasion associates with 1/8 SSB, this configuration just completes a SSB-RO mapping without load evenly distribution.


Figure 2. The configuration with load unevenly distribution for PRACH Configuration Index 96
Figure 2 shows the RO pattern of PRACH configuration index 96 for FR1 and we assume that on each time instance 4 ROs are FDMed, 8 SSB indexes, i.e., SSB1 to SSB8, a PRACH occasion associates with 1/2 SSB, this configuration needs to repeat thrice for overall the SSB-RO mapping, which leads to load unevenly distribution.
· PRACH Configuration Index 8 in Table 6.3.3.2-4
Similar to the analysis of PRACH Configuration Index 8 in Table 6.6.6.2-4, there are 64*4*8=2048 combinations.
· The configurations without PRACH load unevenly distribution.
1. msg1-FDM=1, the total PRACH occasions are 24
· There are 6 SSB indexes, i.e., SSB1 to SSB6, a PRACH occasion associates with 1/4 SSB（1）
· There are 12 SSB indexes, i.e., SSB1 to SSB12, a PRACH occasion associates with 1/2 SSB（1）
· There are 24 SSB indexes, i.e., SSB1 to SSB12, a PRACH occasion associates with 1 SSB（1）
· There are 48 SSB indexes, i.e., SSB1 to SSB48, a PRACH occasion associates with 2 SSBs（1）
· The number of SSB indexes is greater than 24 but less than or equal to 64, i.e., SSB1 to SSB25, or SSB1 to SSB26, …., or SSB1 to SSB64. a PRACH occasion associates with 1 SSB.（40）
2. msg1-FDM=2, the total PRACH occasions are 48
· There are 6 SSB indexes, i.e., SSB1 toSSB3, a PRACH occasion associates with 1/8 SSB（1）
· There are 12 SSB indexes, i.e., SSB1 to SSB12, a PRACH occasion associates with 1/4 SSB（1）
· There are 24 SSB indexes, i.e., SSB1 to SSB24, a PRACH occasion associates with 1/2 SSB（1）
· There are 48 SSB indexes, i.e., SSB1 to SSB48, a PRACH occasion associates with 1 SSB（1）
· The number of SSB indexes is greater than 48 but less than or equal to 64, i.e., SSB1 to SS 49, or SSB1 to SSB50, …, or SSB1 to SSB64. a PRACH occasion associates with 1 SSB.（16）
3. msg1-FDM=4, the total PRACH occasions are 96
· There are 12 SSB indexes, i.e., SSB1 to SSB12, a PRACH occasion associates with 1/8 SSB（1）
· There are 24 SSB indexes, i.e., SSB1 to SSB24, a PRACH occasion associates with 1/4 SSB（1）
· There are 48 SSB indexes, i.e., SSB1 to SSB48, a PRACH occasion associates with 1/2 SSB（1）
4. msg1-FDM =8, the total PRACH occasions are 192 
· There are 24 SSB indexes, i.e., SSB1 to SSB24, a PRACH occasion associates with 1/8 SSB（1）
· There are 48 SSB indexes, i.e., SSB1 to SSB48, a PRACH occasion associates with 1/4 SSB（1）
*Figures in brackets denote the number of load balance configurations in this subclause.
The total number of configurations without load imbalance is 70.
· The configurations with PRACH load unevenly distribution.
For PRACH Configuration Index 8 in Table 6.3.3.2-4, all other configurations have PRACH load unevenly distribution except for the above 70 configurations, so the total number of configurations with PRACH load unevenly distribution is 2048-70=1978.
Observation3:  For FR2, a given configuration, the ratio of the configurations with PRACH load unevenly distribution is 1978/2048=96.58%, only 3.42% is the configuration without PRACH load unevenly distribution.
For PRACH Configuration Index 8 in Table 6.3.3.2-4, the load evenly distribution configuration and the load unevenly distribution configuration are illustrated with examples in Figure 3 and Figure 4 respectively. 


Figure 3. The configuration without load evenly distribution for PRACH Configuration Index 8
Figure 3 shows the RO pattern of PRACH configuration index 8 for FR2 and we assume a time instance 4 ROs are FDMed, 24 SSB indexes, i.e., SSB1 to SSB24, a PRACH occasion associates with 1/4 SSB, this configuration just completes a SSB-RO mapping without load evenly distribution.


Figure 4. The configuration with load evenly distribution for PRACH Configuration Index 8
Figure 4 shows the RO pattern of PRACH configuration index 96 for FR2 and we assume a time instance 4 ROs are FDMed, 8 SSB indexes, i.e., SSB1 to SSB8, a PRACH occasion associates with 1/2 SSB, this configuration needs to repeat 6 times for overall the SSB-RO mapping, which leads to load unevenly distribution.
[bookmark: _GoBack]Based on the analysis, we find that above 90% configurations have load imbalance issue except for PRACH Configuration Index 0~86 in Table 6.3.3.2-2 and PRACH Configuration Index 0~66 in Table 6.3.3.3.2-3. If the network always uses those configurations without PRACH load unevenly distribution, it would not be able to adapt well to different loads of UE in the cell and other configurations would be even completely useless.
Proposal: The PRACH load shall be balanced in time domain.
3. Conclusion
The present PRACH Occasions design and PRACH resource selection system leads to poor utilization of resources in many PRACH configurations. Some configurations would be even completely useless, so we give the below observation and proposal:
Observation1:  There is not load imbalance issue only for a PRACH Configuration Index 0~86 in Table 6.3.3.2-2 and PRACH Configuration Index 0~70 in Table 6.3.3.2-3 [4].
Observation2:  For FR1, a given configuration, the ratio of the configurations with PRACH load unevenly distribution is 251/256=98.05%, only 1.95% is the configuration without PRACH load unevenly distribution. 
Observation3:  For FR2, a given configuration, the ratio of the configurations with PRACH load unevenly distribution is 1978/2048=96.58%, only 3.42% is the configuration without PRACH load unevenly distribution.
Proposal: The PRACH load shall be balanced in time domain.
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