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1. Introduction
In Rel-17, several features (i.e. SDT, CovEnh, RedCap and RAN slicing) saw the need of RACH partitioning to enable early identification of the feature. Each of the concerned WIs has made some progress. RAN2 made also the following agreements for the common handling of RACH partitioning:
	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/or 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
4.    A common RRC CR capturing the signalling framework for RACH resource configuration across all the WIs should be used and this CR should be maintained as part of the common RACH agenda item.  Each WI is expected to provide the necessary parameters to include in the signalling.
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 this contribution we discuss further details of the common MAC aspects of RACH partitioning, including further details of RACH partition selection, fallback rules, RNTI collision etc.
2. Discussion
2.1 RACH partition selection
RAN2 agreed previously that:
	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.


However, there is a possibility that the UE supports multiple Rel-17 features but the RACH partitions are configured only for individual features rather than for the feature combination. For example:
· A RedCap UE may be configured to use a specific slice, but there is no RedCap+slice RACH partition while there is a separate partition for RedCap UEs and for the slice.
· A UE accessing the network for a specific slice is also SDT capable, but there is no SDT RACH partition for the UE’s slice while there is a non-SDT partition for this slice.
· Etc.
In such cases, the UE needs a selection rule for choosing RACH partitions.
Among all the Rel-17 features, RedCap should be the top priority, otherwise the UE may not be able to access the network at all. For example, if a RedCap UE only supports a narrow bandwidth but cannot indicate it to the network in Msg1, the network may assign improper UL resources in RAR and cause the RACH procedure to fail. Among the remaining features, slicing should be considered with priority as well, because the goal in this case is to provide dedicated slice-specific RACH resources and handle RA procedures for each slice (group) separately. As for the priority between CovEnh and SDT, it is not that crucial and it could be left to UE implementation. 
On the other hand, aiming to improve the flexibility of RACH resource selection, the feature priorities could be configurable. For example, network can configure the order of the feature priorities in system information or dedicated signaling, taking the temporary policies of network or the service requirements of the UE into account. The configurable order of the feature priorities results also in a more predictable UE behaviour and hence would be preferred from the network side. Furthermore, a configurable feature prioritization would be more future-proof, i.e. in case another feature using RACH indication is introduced in future, then there will be no need to redefine the prioritization rule, but rely on proper network configuration instead.  
Proposal 1: Regarding to the feature priorities for RACH resource selection, the following two options can be considered:
Option 1: Predefined rules where RedCap should be the top priority, slicing should be the second priority, while the order of CovEnh and SDT can be left leave to UE implementation. 
Option 2: The order of feature priorities can be configured by the network.

The discussion thus far focused on the UE access from IDLE/INACTIVE state, but it should be noted that most of the features can use the indication also in RRC Connected state where the UE may be configured with multiple BWPs which may also include RACH configuration. Therefore, it has to be decided which BWP the UE should use in such situation. 
The natural thing to assume is that the UE should prioritize its active BWP, as done for legacy RACH. However, in case the UE’s active BWP does not include RACH partition for the UE’s preferred feature (combination), the following options exist:
· Option 1: select a subset of that feature combination supported by the active UL BWP 
· Option 2: perform legacy RA on the active UL BWP if the legacy RA resources are configured
· Option 3: switch active BWP
It should be noted that RACH configurations for dedicated BWPs are provided using dedicated RRC signalling. Therefore, when sending the configuration the network is aware of the UE type, slice it is using etc. and knowing this information the network may provide a RACH configuration which fits the needs of such UE. Based on this, we believe the UE should always use the RACH configuration of its active BWP, if configured, regardless of whether it is feature (combination) specific RACH configuration or legacy RACH configuration. Hence, in case there is no feature specific RACH configuration for the UE’s selected feature combination, the UE can select a subset of the combination which has the corresponding RACH configuration on the active UL BWP. The subset determination can be based on the same rules as described above and proposed within Proposal 1. If there is no RACH configuration for UE’s selected feature combination and any of its subsets, the UE should still utilize legacy RACH configuration and should only switch to initial BWP in case there is no RACH configuration provided in its active BWP at all.
Proposal 2: When triggering RACH while using a BWP that is different from its initial BWP, the UE should select the RACH partition according to the following priority order:
1. Utilize its selected feature (combination) specific RACH configuration, if available. 
2. If 1 is not available, utilize a RACH configuration for a subset of features selected by the UE, if available.
3. If neither 1 nor 2 are available, utilize legacy RACH configuration from its active BWP, if available.
4. If neither 1, 2 nor 3 are available, the UE should switch to initial BWP for RACH.
2.2 Fallback rules
At the last meeting, RAN2 agreed that, at RA initiation, a feature combination selection is performed after UL carrier selection and before RA type selection. For the selected feature or feature combination, all RACH retransmissions shall be performed over the same RACH resources and the same carrier as the one selected for initial RACH resource until RACH failure happens. 
	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.


When it comes to agreement 6c above, it should be noted there were already some agreements in WI-specific discussions which go in another direction. In particular, RAN2 agreed the following for slicing and SDT:
	1. The following fallback case is supported:
a) Fallback case 2: Fallback from 2-step slice specific RACH to 4-step common RACH, if 4-step slice specific RACH is not configured.
2. The following fallback cases are not supported in this release:
a) Fallback case 1: Fallback from 4-step slice specific RACH to 4-step common RACH
b) Fallback case 3: Fallback from 2-step slice specific RACH to 2-step common RACH, if neither 4-step slice specific RACH nor 4-step common RACH is configured.
3. As legacy, UE can be configured to switch from 2-step RA-SDT to 4-step RA-SDT after N times of MsgA transmission


When it comes to the third agreement copied above, this is how legacy RACH procedure works as well and we think this agreement can be extended to all feature combinations in general:
Proposal 3: UE can be configured to switch from 2-step feature (combination) specific RA to 4-step feature (combination) specific RA of the same feature (combination).
In case of the first agreement related to slicing, it is not that straightforward to extend it to other features. For example, if a RedCap UE falls back to legacy RACH resources when msg1 RedCap indication is configured in the network, then RACH procedure will likely fails as the network will not be able to deliver RAR in a RedCap specific way (e.g. with narrower bandwidth). Similarly, falling back from CovEnh specific RACH to legacy RACH would not solve the coverage problem nor increase the chances of successful RACH for the UE. For SDT, falling back from 2-step RA-SDT to 4-step legacy RACH would require TB rebuilding and hence is also non-preferred. Since there is no clear motivation for such fallback case for any of the features, we propose to agree the following: 
Proposal 4: Fallback from 2-step feature (combination) specific RACH to 4-step common RACH is not supported (except for the case agreed for slicing).
2.4 Preamble groups
As mentioned in section 2.1, in order to allow the network to know the potential MSG3 or MSGA size, preambles can be additionally divided into two groups. We think the same benefit holds for Rel-17 features and features combinations 
Proposal 5: Two preamble groups are supported for all Rel-17 feature and feature combination.
2.5 RA-RNTI/MSGB-RNTI collision
RA-RNTI collision happens when separate ROs in the same time but different frequency are provided by different RA configuration (e.g. prach-ConfigurationIndex). This issue can occur already for Rel-15, e.g. in case separate ROs are configured for BFR and on-demand SI request. However, so far there is no standardized solution to address this problem as it was understood that RA-RNTI collision can be addressed by network avoiding RACH configurations which may cause it, i.e. by configuring ROs in different time resources. In Rel-16, RAN2 agreed separate ROs can be configured for 2-step RA and to avoid RNTI collisions between 2-step RA and 4-step RA, RAN2 decided to introduce MSGB-RNTI which has an offset to RA-RNTI as shown below.
· RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
· MSGB-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2
In RAN2#115-e meeting, RAN2 agreed for Rel-17 features:
“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”. 
For configuring separate time-frequency resource, the new RRC signaling will provide separate RO parameters, e.g. “prach-ConfigurationIndex”, “msg1-FDM” and “msg1-FrequencyStart” (and equivalent parameters for 2-step RACH) which may also result in both RA-RNTI and MSGB-RNTI collision since the calculation is based on the above formulas. 
In particular, when two UEs are using two different ROs configured in two different RACH configurations (e.g. one within the legacy RACH configuration and another using a feature specific RACH configuration), but with the same starting symbol index, slot index and frequency index, in such case the calculated RA-RNTI/MSGB-RNTI of these two UEs can be exactly the same. Under these circumstances, if the network replies with RAR/MSGB to both UEs which used the same preambles in msg1, the UEs’ behavior can be different than expected by the network as the UEs are not able to understand which RAR/MSGB was addressed to which UE. This may result, e.g. in the non-CovEnh UEs (e.g. legacy UE) receiving and replying to the unknown RAR format intended for CovEnh with MSG3 repetition indication or in both UEs replying to the same RAR/MSGB (it can even happen twice if the UEs replies to both RAR/MSGB) etc. Such collisions will impact a success rate of RACH procedures and may lead to an unexpected behavior due to receiving unknown RAR format or longer network access time, which would be unacceptable, e.g. to URLLC UEs. 
Observation 1: Legacy UEs are not required to decode RAR/MSGB for Rel-17 feature and feature combination.
This issue was left to network configuration during previous times when it was discussed. Similarly, during RAN2 #114 e-meeting, in the RAN Slicing WI discussion it was agreed “the RA-RNTI collision between slice specific RACH and legacy RACH may happen in separate RO” and that “this (the RA-RNTI collision) can be left to network implementation to resolve it (e.g. network configure RO in different time)”. However, at that time RAN2 did not yet consider the fact that there will be multiple features and feature combinations that can use different RACH configurations, while this will significantly increase the collision probability and the magnitude of this issue. For example, there can be different ROs assigned for early identification of SDT UE, non-SDT UE, redcap UE, non-redcap UE, coverage enhanced UE, non-coverage enhanced UE, several slice groups, UEs with Rel-17 feature combination, potentially together with RA type for each feature and feature combination. In this case, it will be extremely hard, if not impossible, to resolve this issue by network implementation. This issue will also happen in future when separate ROs for any Rel-18 feature are used. Therefore, we believe the RNTI-collision issue should rather be addressed in the standard.
Observation 2: With the introduction of feature and feature combination specific RA configurations, it will be extremely hard, if not impossible, to resolve RNTI collision issue by network implementation (e.g. it may be impossible for the network to configure ROs of different features and feature combinations at different time).
The following approaches are available to resolve the collision issue, all of which were discussed in the past in some form:
· Option 1: Distinguish by different RA-RNTIs or MSGB-RNTIs, i.e. a feature or feature combination specific offset is added in the formula, respectively.  
· Option 2: Distinguish by different search spaces. The separate search space is configured on a RA configuration basis since multiple feature and feature combination can share the same RA configuration.
· Option 3: Flag in DCI or MSG2 indicating the feature or feature combination
For option 1, considering many features require RNTI space but the remaining RNTI space is very limited already after introducing MSGB-RNTI, it is impossible to have respective offset for all features and feature combinations. For option 2, it should be noted that related agreements were already made in WI-specific discussions. In particular, separate SDT CSS has been agreed for subsequent SDT (after contention resolution) and extending it to the initial RA-SDT transmission phase for sending the SDT specific RAR DCI over the separate CSS would be straightforward. In RedCap session, a RedCap specific initial BWP can be used where separate RedCap CSS can be configured. It should be noted that even though multiple search spaces would have to be provided, UE is only required to monitor one of them during an ongoing RA procedure, so this approach would not impose new requirements on the UE. When it comes to option 3, the concern would be with its backwards compatibility, i.e. legacy UEs could read such enhanced DCI or RAR, but would not be able to comprehend it correctly, still leading to an unexpected UE behaviour. 
Based on the analysis above, we propose the following:
Proposal 6: To avoid RA-RNTI/MSGB-RNTI collision issue, the network should be able to (optionally) configure a feature (combination) specific search space for RAR/MSGB monitoring. 
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Observation 1: Legacy UEs are not required to decode RAR/MSGB for Rel-17 feature and feature combination.
Observation 2: With the introduction of feature and feature combination specific RA configurations, it will be extremely hard, if not impossible, to resolve RNTI collision issue by network implementation (e.g. it may be impossible for the network to configure ROs of different features and feature combinations at different time).
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Proposal 1: Regarding to the feature priorities for RACH resource selection, the following two options can be considered:
Option 1: Predefined rules where RedCap should be the top priority, slicing should be the second priority, while the order of CovEnh and SDT can be left leave to UE implementation. 
Option 2: The order of feature priorities can be configured by the network.
Proposal 2: When triggering RACH while using a BWP that is different from its initial BWP, the UE should select the RACH partition according to the following priority order:
1. Utilize its selected feature (combination) specific RACH configuration, if available. 
2. If 1 is not available, utilize a RACH configuration for a subset of features selected by the UE, if available.
3. If neither 1 nor 2 are available, utilize legacy RACH configuration from its active BWP, if available.
4. If neither 1, 2 nor 3 are available, the UE should switch to initial BWP for RACH.
Proposal 3: UE can be configured to switch from 2-step feature (combination) specific RA to 4-step feature (combination) specific RA of the same feature (combination).
Proposal 4: Fallback from 2-step feature (combination) specific RACH to 4-step common RACH is not supported (except for the case agreed for slicing).
Proposal 5: Two preamble groups are supported for all Rel-17 feature and feature combination.
Proposal 6: To avoid RA-RNTI/MSGB-RNTI collision issue, the network should be able to (optionally) configure a feature (combination) specific search space for RAR/MSGB monitoring. 
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