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1 	Introduction	
In RAN2#115e and RAN2#116 meetings[1-2], a common RA procedure to support feature/feature combination is discussed. Each feature defines separated RACH resource with different objectives: 
· SDT [3]: to request large resource in Msg3/MsgA PUSCH
· Coverage Extension [4]: to request Msg3 PUSCH repetition
· RAN slicing [5]: to guarantee the RACH resource to sensitive slice or slice group
· RedCap [6]: to indicate RedCap UE in Msg1/MsgA
This contribution continues the discussion on common RA procedure for feature/feature combination in detail.
2	Discussion

UE behaviour for RACH partition with partially matching features
In RAN2#116e, it was agreed that the network may not configure all the combinations for multiple features:
	Agreements
1 RAN2 assumes that the network may not provide all possible permutation.  FFS whether the selection in case of missing combination is specified or left to UE implementation



The corresponding UE operation for the case of missing RACH partition for the combination of multiple feature was discussed during the e-mail discussion [Post116-e][515]. In the e-mail [Post116-e][515], three options were discussed when only a subset of features have a matching RACH partition, and the triggered RACH doesn’t fit with any of the configured RACH partitions:
· Option 1: it is up to UE implementation to select the RACH partition
· Option 2: the UE selects legacy RACH resource
· Option 3: The rule of selecting RACH partition with partially matched feature is specified
In the e-mail discussion, some companies commented regarding the case of no matching partition for any subset of features. For this case, it is obvious that the legacy RA procedure should be performed in order to perform RACH operation without any feature-specific handling during the RA procedure. 
However, the main discussion point is about the case when there are one or more matching partitions for subset of features, which is different case for selection of RACH partition.
In order to discuss the UE operation on selecting RA resource when there is no matching partition for feature combination in detail, three cases can be considered:
· Case 1. UE triggered RA procedure with feature combination, but there is no matching partition for any subset of features. 
· E.g., RACH operation is for F1+F2, and there is no resource for F1+F2, F1 only, or F2 only.
· Case 2. UE triggered RA procedure with feature combination and there is no matching partition for the combination of features, but there is one RACH partition for a subset of features.
· E.g., RACH operation is for F1+F2, and there is no resource for F1+F2. However, there is one RACH partition for F1.
· Case 3. UE triggered RA procedure with feature combination and there is no matching partition for the combination of features, but there is two or more RACH partition for a subset of features.
· E.g., RACH operation is for F1+F2, and there is no resource for F1+F2. However, there is one RACH partition for F1 only and another RACH partition for F2 only.
For case 1, as commented by other companies, it is obvious to perform the legacy RA procedure when there is no RACH partition for the subset of features. The underlying principle is that UE should be able to access the cell even though there is no partition for the feature-specific RA procedure. In this case, the RA procedure is performed without special handling defined in the each feature.
Proposal 1. UE uses the legacy RACH if none of the feature matches the RA partition
For case 2, the discussion point is whether to allow the selection of the RACH partition with only a subset of features:
· If the UE is allowed to use only a subset of features, the UE selects the RACH partition and performs the RA procedure using the subset of the features.
· If the UE is not allowed to use a subset of feature, the UE always performs legacy RA procedure when there is no matching partition for feature combination (as in Option 2)
In our view, the RA procedure with multiple features would be inefficient if the UE is restricted to perform legacy RA procedure when there is no perfect matching partition for feature combination. For example, when the UE meets the criteria for RA-SDT procedure and has slice information (i.e., SDT + slicing), the UE would not be able to trigger RA-SDT procedure even though there is an RA resource for SDT procedure without slice information. It is not reasonable to limit the UE operation to exclude other features even though a subset of feature are applicable. Therefore, the UE should be allowed to use RACH partition with a subset of features.
Proposal 2. If one RACH partition matches to a subset of the features, the UE uses that RACH partition.
If proposal 2 is agreed, the next step for the discussion is how to select the RACH partition when there are more than one RACH partitions for a subset of features.
For case 3, the selection criteria can be categorized as follows:
· If there are more than one RACH partition for a subset of feature, it is up to UE implementation to select a subset of features and corresponding RACH partition (i.e., Option 1).
· If there are more than one RACH partition for a subset of feature, the order of selecting a subset of features and corresponding RACH partition is specified (i.e., Option 3).
Regarding Option 3, lots of follow-up discussion is needed if the priority is specified, including:
· whether the priority is configurable or static (as in the e-mail discussion);
· the exact priority of each feature; and
· the priority of RACH partition for more than one features
· E.g., RACH operation is for F1+F2+F3. On the other hand, there is one RACH partition for F1+F2, and another RACH partition for F3.
However, considering the limited number of TUs for common RACH session, the discussion should be focused on basic operation of common RA procedure, rather than defining new operation or signalling for specific cases. In addition, it is not future proof since the additional description is needed whenever the RACH partitioning feature is added in future releases. 
On the other hand, the UE implantation can be applicable to select the proper RACH partition, since the purpose of each feature is clearly defined. Therefore, leaving as a UE implementation is preferable in order to simplify the RA procedure and reserve the discussion time for other aspects. 
Proposal 3. UE may select a subset of the features by UE implementation when the multiple RA partitions matches a subset of features.

RA resource selection procedure for feature/feature combination 
In the previous meetings, RAN2 has agreed to followings on RA resource selection procedure in order to cooperate multiple features:
	5.	A common MAC CR capturing the changes to sections 5.1.1 and section 5.1.1a of the MAC spec can also be considered and if agreeable, this CR should also be maintained as part of the common RACH agenda item.
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.



In order to define the common RA procedure, in e-mail discussion [Post116-e][515], it was discussed whether the RA parameters specific to the selected RACH partition are applied on UL carrier selection, BWP selection, and RA type selection. However, there was no common view on UL carrier selection and BWP selection, as in following observation in [7]:
Observation 8: No common view on this issue. Some companies think that BWP and carrier selection should happen before RACH partition is selected. But others think that this can happen after RACH selection. Companies also think that for some features some exceptions may apply (e.g. SDT). Overall it seems this aspect needs further discussion.
Regarding this issue, the discussion point is in which level the RACH partition for feature/feature combination is selected during RA procedure. After the RACH partition is selected, RACH parameters specific to selected RACH partition should be applied on the remaining procedure for RA resource selection.
First of all, the selection of RACH partition should be performed in common manner, in order to simplify the entire RA procedure. Given that the purpose of each feature is quite different, the optimized step for RA resource selection in each feature may not be aligned, causing exceptions for common RA procedure. However, if the exceptional cases for each feature are allowed, common RA procedure would be complicated, which is not aligned with purpose of common RACH discussion. Since there are coordinated cases of multiple features, the common RA procedure should be defined as simple as possible, rather than considering feature-specific optimization.
Proposal 4. Do not allow any exceptional case for each feature in unified framework of RA resource selection. 

Meanwhile, in legacy design, RA resource selection is processed in following step:
1. Selection of UL carrier between NUL/SUL: If SUL is configured in addition to NUL, the UL carrier selection is done using downlink RSRP.
2. Selection of BWP: as defined in 5.15 (BWP operation)
3. Selection of RA type between 4-step RA and 2-step RA: 
A. If the BWP is only configured with 2-step RA resource, perform 2-step RA procedure
B. If the BWP is only configured with 4-step RA resource, perform 4-step RA procedure
C. If the BWP is configured with 4-step RA resource and 2-step RA resource, RA type selection is done by RSRP threshold
4. Selection of SSB
5. Selection of Preamble group between Group A and Group B
6. Selection of RA preamble and RACH occasion 
Regarding the UL carrier selection during common RA procedure for Rel-17 feature, it is agreed that UL carrier selection is performed without considering Rel-17 features which triggers the RA event. 
Regarding BWP selection, as specified in clause 5.1.1 of TS38.321, legacy RA procedure performs BWP selection as defined in clause 5.15:
1>	perform the BWP operation as specified in clause 5.15;

Similarly, the BWP selection procedure in the common RA procedure can be performed as defined in 5.15, which is separated section. If a feature needs to define feature-specific BWP operation (e.g., separated initial BWP in RedCap), we think that this can be specified in section for BWP operation, i.e., clause 5.15, not in the section for Random Access procedure initialization, i.e., clause 5.1.1. Thus, common RA session does not need to discuss BWP operation and should focus on how to perform the RA resource selection based on selected BWP.
Proposal 5. Even if switching to the separate BWP, e.g., separated initial BWP for RedCap, can be performed during the RA procedure, this can be specified in the section for BWP operation, i.e., 5.15, and no need to specify this in the section for RA initialization, i.e., 5.1.1. 
On the other hand, the following agreement has been made in RAN2#115e:
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.
That is, when the RA resource for feature or feature combination is selected in RA initialization (as in 5.1.1 or 5.1.1a of Common MAC CR), the subsequent RA resource selection is performed within the selected feature or feature combination. Since the SSB selection and preamble group selection are defined in clause 5.1.2 of TS 38.321, after the RA initialization, considering feature or feature combination in these phases may cause unnecessary steps to ensure the same feature for the subsequent RA attempt. Therefore, the feature or feature combination should be considered before the SSB selection.
Then, there are two options to consider the feature or feature combination in RA resource selection. 
· Option 1: feature or feature combination is considered during the RA type selection. That is, UE selects the feature specific RA resource if it is configured when the UE selects the RA type.
· Option 2: feature or feature combination is considered after the RA type selection. That is, UE first selects whether to perform 2-step RA or 4-step RA. Within the selected RA type, the UE selects RA resource for feature or feature combination if it is configured
Option 1 is to prioritize RA resource for feature or feature combination regardless of configured RA type and RSRP threshold. On the other hand, option 2 is to check the RSRP threshold first to select between 2-step RA and 4-step RA. Therefore, when only 2-step feature-specific RA resource is configured without 4-step, the legacy RA procedure is occurred when the RSRP is lower than the threshold.
In the legacy RA procedure, the RA type is selected based on the resource configuration in the BWP. Since each feature is defined within underlying RA procedure defined in Rel-16, the same principle should be applied to the common RACH procedure with feature or feature combination. In addition, given that the RACH configuration is proposed for each feature or feature combination in e-mail discussion [Post116-e][514], the UE operation would be complicated if the UE first select between 2-step RA and 4-step RA. 
Proposal 6. Feature combination is selected ahead of the RA type selection.

In summary, the common RA procedure considering feature or feature combination can be described as below:
1. UL carrier selection between NUL and SUL: without considering the feature or feature combination
2. BWP selection: performed as specified in clause 5.15 of TS 38.321
3. Feature or feature combination is determined 
4. RA type selection: considering the feature related resource availability (i.e., Only the RACH resource matching the feature/feature combination will be considered as available.)
A. If the BWP is only configured with 2-step RA type Random Access resources for selected RACH features/partition, select 2-step RA
B. If the BWP is only configured with 4-step RA type Random Access resources for selected RACH features/partition, select 4-step RA
C. If the BWP is configured with both 2-step and 4-step RA type Random Access Resources for selected RACH features/partition, the RA type is selected based on the RSRP of the downlink pathloss reference (comparing with msgA-RSRP-Threshold for selected RACH features/partition)
5. RA resource selection for further steps within the selected feature/feature combination 
Aspects on fallback mechanism
In the previous meetings, RAN2 has agreed with followings:
	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.
For slicing, unified partitioning framework should take priority



As RAN2 has agreed that common RA procedure takes precedence over the slice-specific operation, we think that this principle can be expanded to other features. Given that the purpose of each feature is quite different, the discussion on fallback operation for each feature may result in different fallback operation. However, different fallback mechanism for each feature may cause too complicated operation for common RA procedure, which is not aligned with the purpose of common RACH discussion. Therefore, fallback mechanism for feature/feature combination should be defined in common manner, considering the limited number of TUs to complete the discussion on common RA procedure.
Proposal 7. Define the same principle of fallback operation for feature or feature combination. 

In Rel-16, fallback operation from 2-step RA to 4-step RA is supported when
· a fallbackRAR is received after transmission of MsgA; or
· 2-step RA procedure has failed for msgA-TransMax times.
On the other hand, each feature is to request special handling RA procedure or guarantee the fast access to the specific service. That is, RA procedure with feature or feature combination is operated based on existing RA procedure. Therefore, the fallback mechanism from 2-step RA to 4-step RA within the same feature/feature combination should be supported, as defined in legacy RA procedure. This principle is also aligned with existing agreements in SDT WI and RAN slicing WI to support legacy fallback mechanism. 
Proposal 8. Fallback from 2-step RA to 4-step RA within the feature or feature combination is supported. 

For other cases, there is no need to allow the fallback operation (i.e., fallback from feature specific RA procedure to common RA procedure), since the gain of the additional fallback has not been identified. On the other hand, if the additional fallback cases are allowed, the details of fallback operation should be defined, including:
· Whether to support fallback using fallbackRAR and/or fallback with MsgA-TransMax;
· Indication of fallback to common RACH in fallbackRAR; and
· Whether to define feature-specific MsgA-TransMax;
However, since there are only limited number of TUs for common RACH discussion, it would be better to focus on the basic operation of common RA procedure, rather than discussing further optimization in specific feature. In addition, considering the coordination cases of multiple features, fallback operation should be defined as simple as possible.
Proposal 9. Do not support fallback cases from feature-specific 2-step to common 4-step RA regardless of configuration of RA resource for feature or feature combination. 


3	Conclusion
In this paper, we discussed the common RA procedure for feature/feature combination. The discussion includes the following proposals:
Proposal 1. UE uses the legacy RACH if none of the feature matches the RA partition
Proposal 2. If one RACH partition matches to a subset of the features, the UE uses that RACH partition.
Proposal 3. UE may select a subset of the features by UE implementation when the multiple RA partitions matches a subset of features.
Proposal 4. Do not allow any exceptional case for each feature in unified framework of RA resource selection.
Proposal 5. Even if switching to the separate BWP, e.g., separated initial BWP for RedCap, can be performed during the RA procedure, this can be specified in the section for BWP operation, i.e., 5.15, and no need to specify this in the section for RA initialization, i.e., 5.1.1. 
Proposal 6. Feature combination is selected ahead of the RA type selection.
Proposal 7. Define the same principle of fallback operation for feature or feature combination.
Proposal 8. Fallback from 2-step RA to 4-step RA within the feature or feature combination is supported. 
Proposal 9. Do not support fallback cases from feature-specific 2-step to common 4-step RA regardless of configuration of RA resource for feature or feature combination. 
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