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Discussion and Decision
1 Introduction
In legacy, there is only one set of 4-step RACH and 2-step RACH configuration in a cell for the initial access. 
The new situation in R17 is that multiple R17 features request the RACH enhancement for NW to identify the feature during the initial access (e.g. SDT, RedCap, Slicing, Coverage Enhancement). 
Therefore, the RACH design for R17 system needs a general RACH design across multiple features. This contribution gives our view on this topic from two perspectives:
1) The RACH resource partitioning;
2) The RACH procedure.
2 Discussion

2.1 RACH resource partitioning
For R17 features, if the feature requires initial access enhancement for NW to identify the feature based on the Msg1/MsgA, the feature identification is just based on that feature specific RACH resource. Therefore, to identify different feature via RACH requires NW to allocate the different RACH resource for it. 
Observation 1: To identify the different feature via Msg1/MsgA, it is required to allocate the different RACH resource for the different feature. 

The RACH resource includes the RO (PRACH resource) and preamble, and partitioning could be from the two directions. 
· RO partitioning
RO partitioning can be from time domain and/or frequency domain, and the feature specific RO partitioning can be configured via the following 4 options:
· Option 1: the different PRACH configuration index 
The PRACH configuration index is to indicate the different RO pattern, as specific in TS38.211 section 6.3.3.2. And the different PRACH configuration index is to indicate the different RO timing location.

For example, PRACH configuration index#0 is configured for feature#1, and the PRACH configuration index#1 is configured for feature#2. Therefore, NW can identify feature#1 via the RO in subframe#1 and identify feature#2 via the RO in subframe#4.
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· Option 2: the different RO subset within the same PRACH configuration index
For some PRACH configurations, there are multiple ROs in one period, and NW can configure the different ROs used for different features.

For example, there are 10 ROs in PRACH configuration index#27. With the configuration of the mapping between RO subset and features as follow, NW can identify the feature via the RO subframe.
· The RO in subframe#0,2,4,6,8 is configured for feature#1;
· The RO in subframe#1,3,5,7,9 is configured for feature#2.
· Option 3: the different frequency location
NW can configure the same RO time location for multiple features, but configure the different frequency resources for different features, The frequency domain configuration is similar as the Msg1-FDM and Msg1-FrequencyStart. 
For example, NW can configure the RO-F1 and RO-F2 for feature#1 and feature#2, and NW can identify the features via the different frequency. 
· Option 4: the different RO in different FDM+TDM location

For all the ROs configured within the cell (e.g. configured by prach-ConfigurationIndex and msg1-FDM), each RACH occasion is sequentially numbered across both time domain and frequency domain following the following order: 
1) in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; 
2) in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot; 
3) in increasing order of indexes for PRACH slots.
For example, there are 4 ROs configured in total within the cell (PRACH configuration index#19, and two frequency offsets), and numbered as RO#1,2,3,4. NW can configure RO#1,4 to feature#1, and RO#2,3 to feature#2. 
· Preamble partitioning

If multiple features are configured with the same RO, preamble resources should be partitioned to identify the different features. 
For each feature, the preamble info should include the total preamble number per SSB, and the preamble-offset per SSB. 
Figure-1 provides one example for the preamble partitioning. In this example, two SSBs are mapped into the same RO, and within one RO, the preamble resource is partitioned into three sets: 1) the default/legacy usage; 2) feature-1 usage; and 3) feature-2 usage. 

· The default preamble offset (per SSB ) = 0 is for legacy usage, which is no need to configure;

· The preamble offset (per SSB ) = 10 is configured for feature-1;

· The preamble offset (per SSB ) = 20 is configured for feature-2.
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Figure-1. The feature specific preamble partitioning within the same RO
Proposal 1: Introduce the feature specific PRACH resource configuration, and following options are proposed to be considered:

· Direction 1: feature specific RO configuration via the following options
· Option 1: the different PRACH configuration index

· Option 2: the different RO subset within the same PRACH configuration index

· Option 3: the different frequency location

· Option 4: the different RO in different FDM+TDM location 
· Direction 2: feature specific preamble configuration. 
2.2 RACH procedure

In R17, NW may enable multiple features in one cell, and UE may enable multiple features which require the initial access enhancement. Therefore, we should have the unified RACH procedure to cover all the features. 
Proposal 2: Unified RACH procedure is defined to cover the multiple features with initial access enhancement. 
Since each feature specific RACH resource configuration may include both the 2-step and 4-step RACH, according to current RACH procedure, the feature specific RACH resource selection should be located before the RACH type selection and after the UL carrier selection.  
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Figure-2. RACH procedure
Proposal 3: For the R17 RACH procedure, UE should perform the feature selection before the RACH type selection and after the UL carrier selection.  

For the feature selection, if NW provides the feature specific RACH configuration, and UE supports that feature, UE should select that feature to trigger RACH only if the criteria is met. If UE meets the criteria of multiple features, the priority rule for the feature selection should be specified and needs further study. 
Proposal 4: For the R17 RACH procedure, when UE performs the feature selection, if UE meets multiple features’ criteria to trigger RACH, RAN2 is proposed to discuss the priority. 
3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: Introduce the feature specific PRACH resource configuration, and following options are proposed to be considered:

· Direction 1: feature specific RO configuration via the following options

· Option 1: the different PRACH configuration index

· Option 2: the different RO subset within the same PRACH configuration index

· Option 3: the different frequency location

· Option 4: the different RO in different FDM+TDM location 
· Direction 2: feature specific preamble configuration. 

Proposal 2: Unified RACH procedure is defined to cover the multiple features with initial access enhancement. 
Proposal 3: For the R17 RACH procedure, UE should perform the feature selection before the RACH type selection and after the UL carrier selection.  

Proposal 4: For the R17 RACH procedure, when UE performs the feature selection, if UE meets multiple features’ criteria to trigger RACH, RAN2 is proposed to discuss the priority. 

