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Discussion and Decision
1 Introduction
The R17 unified RACH design was discussed from last RAN2 meeting. In this contribution, we continue to discuss this it from four aspects: RACH resource partitioning, ASN.1 design, R17 RA-RNTI/MsgB-RNTI design and RACH procedure.
(Note: R17 F/FC = R17 feature/feature combination)
2 Discussion

2.1 RACH resource partitioning
According to the RAN2 agreements on the RACH resource partitioning, R17 F/FC associated preamble can be via two methods: Alt 1) introduce new RO resource, Alt 2) introduce new preamble pool which is shared with legacy RO resources but has no impact to the legacy UE. 
	RAN2#115e Agreements:

1.
Preamble partitioning is defined on a feature and/or feature combination basis.  FFS on signalling.  2step RA and CE is excluded, if RAN1 decided to exclude

2.
Preambles associated with a Rel-17 feature should never be chosen by legacy UEs in the case of RO sharing.  

3.
New feature and/ feature combination specific preambles can be defined in a) Separate time-frequency resources, not defined through legacy RRC signalling, b) Within the Contention free preamble resources (i.e. within the preambles not used for contention based) defined through legacy RRC signalling.  FFS on c) Within the “not available” preambles defined at the end of a RO through the legacy  totalNumberOfRA-Preambles


For Alt 1, New PRACH resources associated with the R17 F/FC combinations could be achieved with the following 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. 
For Alt 2, the R17 F/FC combinations and the legacy usages are separated via the different preamble sets. But for each F/FC, the associated preamble set can includes the following information: 1) the total preamble number per SSB, and 2) 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 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 be configured;

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

· The preamble offset (per SSB ) = 20 is configured for feature-2.
[image: image2.png]preamble ID =1

preamble 1D = 11 Offget = 10 mecmmmmsmmormsmtmsrmemmmn s o=

preamble ID = 21 offset = 20

preamble ID = 31

SSB2 # CB preamble (4-step RACH)

Legacy RACH config
SSB2 # CB preamble (2-step RACH)

preamble ID = 41 offset = 10 pssssms - a
SSB2 # CB preamble (4-step RACH)

Feature-1
$SB2 # CB preamble (2-step RACH)
preamble ID = 51 Offset = 20 [t m—————

SSB2 # CB preamble (4-step RACH)

Feature-2
$SB2 # CB preamble (2-step RACH)

SSB2 # CF preambles

Reserved preamble





Figure-1. The feature specific preamble partitioning within the same RO
Proposal 1: Introduce the feature/feature combination specific PRACH resource configuration, and following options are proposed to be considered:

· Direction 1: feature/feature combination 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/feature combination specific preamble configuration. 

· The preamble set configuration includes two parameters: 1) the total preamble number per SSB, and 2) the preamble-offset per SSB.
2.2 ASN.1 design of R17 RACH configuration

In legacy there is only one set of the RACH configuration in SIB1 which may include 2-step and 4-step RACH. With the R17 F/FC specific RACH configuration introduction, there will be RACH configuration list in SIB, one per feature/feature set.

Proposal 2: Introduce the R17 RACH configuration list, each configuration is associated one feature/feature combination. 
As RAN2 agreed to introduce the F/FC specific RACH configuration, and it’s very difficult to exclude any FC from RRC signaling design perspective, all the possible feature combination should be supported.  
Proposal 3: Support all the possible feature combinations in R17 RACH configuration. 
Two examples of the ASN.1 structure are provided below for reference. 
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Figure-2. Example for the R17 RACH configuration structure 
2.3 R17 RA-RNTI/MsgB-RNTI design 

According to current RA-RNTI formula, the RA-RNTI is calculated based on the PRACH configuration. In legacy, there are at most 2 PRACH configurations, one for 4-step RACH and the other for 2-step PRACH; and the RNTI used for Msg2 and MsgB reception are not overlapped via the offset introduction. There is no RA-RNTI ambiguity issue in legacy.
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Observation 1: In legacy cell, the RNTI used for 2-step RACH and 4-step RACH are non-overlapped via the predefined offset. 
To partition the RACH resource per R17 F/FC and to avoid the impact to legacy, NW may introduce new PRACH configuration for the new R17 F/FCs. And in one cell, there may have more than one PRACH configuration. Since R15/R16 UE and R17 UE calculate the RNTI based on the different PRACH configuration, the RA-RNTI/MsgB-RNTI for R15/R16 and R17 will be overlapped.
Observation 2: The RA-RNTI/Msg2-RNTI used for R15/R16 and R17 can be overlapped due to the multiple PRACH configurations for the same RACH type in one cell.
To avoid the impact to the legacy UE, the RA-RNTI/MsgB-RNTI between legacy and R17 usage should be avoided, and RNTI offset should be avoided. 
Proposal 4: RNTI-offset is introduced for the RA-RNTI/MsgB-RNTI calculation according to the R17 feature/feature combination specific RACH configuration. 
2.4 RACH procedure

RAN2 achieved following agreements on the unified RACH procedure in last meeting, which could be summarized in Figue-3.
	RAN2#115e Agreements:

6.
As a baseline, the RA procedure design for Rel-17 should adhere to the following general principles: 

a: Carrier selection (between NUL/SUL) should happen ahead of the initial RACH resource selection (i.e. feature combination is not considered in carrier selection).   

b: Initial RACH resource should be selected based on the selected carrier for the selected feature combination (i.e., selected slice, SDT or not, REDCAP or not etc). Only the RACH resource matching the feature and/or feature combination of current RACH procedure will be considered as available in the RACH resource selection.

c: As a general rule, all RACH retransmissions (if any are needed, until RACH failure happens) shall be performed over the same RACH resources (and same carrier – NUL/SUL) as the one selected for initial RACH resource.  However, we can discuss fallback on a case by case basis if there is a strong motivation and discuss them together in this AI.
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Figure-3. Unified RACH procedure
There are 2 open issues on the procedure design for further discussion. 

· Issue 1: The priority between the feature/feature combination selection

For the RACH F/FC selection, if NW provides the F/FC specific RACH configuration, and UE supports that feature, UE should select that F/FC to trigger RACH only if the criteria is met. But if UE meets the criteria of multiple F/FCs, the priority rule for the F/FC selection needs to be introduced. For example, if NW provides the different RACH configurations for coverage enhancement and slicing, and UE meets both criteria, which F/FC specific RACH configuration should be selected? There are some options for RAN2 discussion:

Option 1> the priority between different F/FCs can be defined in spec;

Option 2> the priority between different F/FCs can be configured by NW; 
Option 3> the priority is up to UE implementation.  

Proposal 5: For the R17 RACH procedure, if UE meets multiple features’ criteria to trigger RACH, the priority between the different features/feature combinations should be considered.  
· Issue 2: RACH fallback mechanism
With the F/FC specific RACH configuration introduction, there are three types of RACH fallback:
1> Type-1: fallback within the same feature/FC’s PRACH configuration;
2> Type-2: fallback from one F/FC’s RACH configuration to another F/FC’s configuration;
3> Type-3: fallback from the feature/FC’s RACH configuration to the legacy RACH configuration.
Type-1 fallback is applicable when the feature/FC’s RACH configuration includes both 2-step and 4-step RACH. Since 2-step to 4-step RACH fallback mechanism has been supported in R16, and both configurations are to identify the same feature/FC, it should be supported. 
Proposal 6: 2-step to 4-step RACH fallback mechanism is supported within the same feature/feature specific RACH configuration. 

For Type-2 fallback, the assumption is UE can support multiple features/FCs, and the different criteria is met in the different time. But considering there are lots of the combination of the source and target features/FCs, it seems impossible to find a unified way to cover all the possibilities. Therefore, the simple way is for NW to configure the potential fallback feature/FC, or just not allowing such fallback. 
Proposal 7: The RACH fallback from one feature/feature combination to another feature/feature combination is not allowed. 
For Type-3 fallback, according to the agreements in the slicing and SDT discussion, fallback from the slicing specific RACH configuration to the default RACH configuration is supported, but the condition is different. 
Since there have been feature specific type-3 fallback mechanism agreed, it’s proposed to leave the Type-3 type fallback to each WI discussion. 

Proposal 8: The RACH fallback from one feature/feature combination specific RACH to the legacy RACH is discussed in each WI. 
3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: Introduce the feature/feature combination specific PRACH resource configuration, and following options are proposed to be considered:

· Direction 1: feature/feature combination 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/feature combination specific preamble configuration. 

· The preamble set configuration includes two parameters: 1) the total preamble number per SSB, and 2) the preamble-offset per SSB.

Proposal 2: Introduce the R17 RACH configuration list, each configuration is associated one feature/feature combination. 

Proposal 3: Support all the possible feature combinations in R17 RACH configuration. 
Proposal 4: RNTI-offset is introduced for the RA-RNTI/MsgB-RNTI calculation according to the R17 feature/feature combination specific RACH configuration. 

Proposal 5: For the R17 RACH procedure, if UE meets multiple features’ criteria to trigger RACH, the priority between the different features/feature combinations should be considered.  
Proposal 6: 2-step to 4-step RACH fallback mechanism is supported within the same feature/feature combination specificRACH configuration. 

Proposal 7: The RACH fallback from one F/FC to another F/FC is not allowed. 
Proposal 8: The RACH fallback from one F/FC specific RACH to the legacy RACH is discussed in each WI. 
