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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In RAN2#101bis meeting, the following agreements were achieved regarding to PRACH mask table [1].
We confirm that we do have a PRACH mask index
The PRACH table for RRC signalling should be applicable for all the SSBs.
The PRACH mask is 4 bits, and is used for both RRC and PDCCH order. 
The PRACH mask indicates 16 indices in the PRACH table. Within the table: (a) one index for all the RACH-Occasions; (b) 8 indices for 8 RACH-Occasions; (c) 1 index for the even number of RACH-Occasions and 1 index for the odd number of RACH-Occasions; 
Send an LS to RAN 1 and request to extend the number of bits to use 4 bits to indicate the relative RACH occasion index associated with the SSB
In this contribution, we further discuss whether the reserved indices should be used in the PRACH table due to the present specification may lead to inefficient utilization of PRACH resources in PRACH configurations.
2. Discussion
2.1 Association set 
[bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK21][bookmark: OLE_LINK31]In NR, there is an association between RO and SSB, and the number of SSBs associated with a RO can be: {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}. For example, a RO is associated with 1/8 SSB, and on each time instance 4 ROs are FDMed.  The actually transmitted SSBs are SSB1/SSB2/SSB3. Then the pattern SSB-RO mapping is shown as below.
[image: ]
Figure 1. The association between RO and SSB
According to the current lookup tables of RACH resources configuration, the total number of ROs associated with all SSBs may be much less than the ones configured within a PRACH configuration period in some cases, then the SSB-RO mapping could repeat over the rest of RACH resources. E.g., if there are 12 time instances in one PRACH configuration period and a time instance has 4 ROs with FDM, the total of ROs is 48. Therefore, the SSB-RO mapping can repeat twice in one PRACH configuration period, as shown in figure 2. For simplicity, we name RO set required for the completion of a SSB-RO mapping as association set. 
[image: ]
Figure 2. Association set

2.2 Insert two more code points into PRACH mask table 
In NR, PRACH Occasions design is a bit different from RACH resource design in LTE. On the one hand, the RACH Configuration period for present PHY specification can be 10ms, 20ms, 40ms,80ms and 160ms. Regardless of which period is configured, the PRACH resources are always within a consecutive 10ms. On the other hand, there are hundreds of random access configurations for FR1(paired spectrum and unpaired spectrum) and FR2(unpaired spectrum), but for some PRACH Configurations indexes, the PRACH resources are unevenly distributed, which lead to load imbalance. Let us first consider the example, as shown in figure 3.


Figure 3. Load imbalance
It can be seen from Figure 3, the PRACH resources are concentrated in 10ms which belong to PRACH Configuration period. It is assumed that a large number of UEs trigger RACH procedures and do not carry UL grant timing (e.g. handover) before available PRACH resource, then UE will find first the earliest available PRACH resource. All UEs in T1 find the earliest PRACH resources, i.e., the first part PRACH occasions, and the UEs in T2 find the second part PRACH occasions, a more detailed discussion of uneven distribution of PRACH load can be found in [2]. In this case, the system works inadequately because of load imbalance and unnecessary transmission delay. So in order to balance the load and reduce transmission delay, we should find a solution to help in balancing the load and reducing transmission delay.
Observation: A large number of UEs trigger RACH procedures and do not carry UL grant timing (e.g. handover) before available PRACH resources, then UE will find first the earliest available PRACH resource, and this behavior can lead to load imbalance. If the load of  PRACH is uneven  then the PRACH  collsion rate will increase.
 Considering the above analysis, we think two more code points are needed to insert into the present PRACH mask index table. The two code points are defined as follow:
· All ROs for the first half of the association sets
· All ROs for the second half of the association sets
Once the above two code points are configured as part of PRACH mask table, even the PRACH resources are unevenly distributed, the system can work better in load balance and improve transmission delay.
Proposal 1：Two more code points are needed to insert into the present PRACH mask index table, the details are as follows:
· All ROs for the first half of the association sets
· All ROs for the second half of the association sets
3. Conclusion
In this contribution, we further discuss whether the reserved indices should be used in the PRACH table due to the present specification may lead to inefficient utilization of PRACH resources in PRACH configurations, and we give the below observation and proposal:
Observation: A large number of UEs trigger RACH procedures and do not carry UL grant timing (e.g. handover) before available PRACH resources, then UE will find first the earliest available PRACH resource, and this behavior can lead to load imbalance. If the load of  PRACH is uneven  then the PRACH  collsion rate will increase.
[bookmark: _GoBack]Proposal 1：Two more code points are needed to insert into the present PRACH mask index table, the details are as follows:
· All ROs for the first half of the association sets
· All ROs for the second half of the association sets
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