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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 reached the following agreements for the common handling of RACH partitioning:
	Agreements:
1. No new feature and/ feature combination specific preambles are defined within the “not available” preambles defined at the end of a RO through the legacy totalNumberOfRA-Preambles.
1. Specification allows for use of Separate time-frequency resources, not defined through legacy RRC signalling, within Contention free preamble defined through legacy RRC signaling and the combination of these (i.e. using the reserved preamble at the end of SSBs like 2-step RACH)
1. RAN2 baseline is that preambles for a particular feature combination shall be present in all SSBs (e.g., a feature combination cannot only have preambles in SSB0 but not SSB1)
4    As a baseline, a feature combination shall have the same number of preambles in all SSBs
5    Signalling should allow that a particular feature/feature combination can be mapped only to a subset of the RACH occasions of a RACH configuration.
6    The legacy masking index approach is reused in Rel-17 RA partitioning
7    RAN2 adopts Approach A as baseline (an IE contains one field for each of the features) for indicating which feature/feature combination a partition applies to. Details are FFS, e.g. details around slicing.  FFS how to encode and design the signaling in a future compatible way (i.e. naming)
8    As a baseline, multiple "RA partitions" for one RA type which map to the same feature/feature combination is not supported on a given BWP.  FFS if there is any special use case that requires multiple RA partition configuration.   

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 
2    For slicing, unified partitioning framework should take priority



In this contribution we discuss the remaining issues on common MAC aspects of RACH partitioning， including carrier/BWP selection, RACH partition selection, RNTI collision issue, fallback rules etc.
2. Discussion
2.1 Carrier/BWP selection
It is agreed at RAN2 #115-e meeting that carrier selection should happen before RACH partition selection:
	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).  


However, SDT-specific threshold for carrier selection has been agreed, and the CovEnh-specific carrier selection threshold is also required. Considering that RACH parameters is proposed to be configured per RACH partitions in [1], some concerns on the order of carrier selection and RACH partition selection arise, as can also be seen in the discussion in [1]. In the following subsection we consider this issue from the perspective of different features.
Specifically, it has been agreed at RAN2 #116-e meeting in CovEnh WI that Msg3 repetition can be supported on both NUL and SUL. If NUL supports Msg3 repetition, the coverage of NUL can be extended and hence a CovEnh-specific threshold for carrier selection is needed. Besides, it is also confirmed that network can configure different RSRP thresholds for requesting Msg3 repetition on NUL and SUL. On this basis, UE is expected to first select carrier with the CovEnh-specific or legacy threshold depending on its capability of Msg3 repetition. After that, UE determines whether to request Msg3 repetition using the RSRP threshold configured on the selected carrier. 
As for SDT, there are the following agreements concerning the thresholds for carrier selection and SDT/non-SDT selection:
	RAN2 #113bis-e agreement:
1. RSRP threshold is used to select between SDT and non-SDT procedure, if configured (RSRP refers to the same RSRP measured for carrier selection).
4. RSRP threshold for carrier selection is specific to SDT (i.e. separately configured for SDT).  This is optional for the network.



Based on the above agreements, if the SDT or CE specific carrier selection thresholds are to be possible, then we cannot follow the agreement made for common RACH design which says that a carrier is selected before selecting a RACH partition. Also, if the carrier was to be selected before RACH partition selection, it would result in diverging from the current RACH procedure and in the necessity of introducing a new carrier selection procedure. In our opinion this is both unnecessary and overly complex. Therefore, in order to align the RACH procedure regardless of the chosen feature combination, we prefer to allow for RACH partition specific (i.e. feature combination specific) carrier selection threshold which is configured as part of RACH configuration in the same way as legacy carrier selection threshold (i.e. rsrp-ThresholdSSB-SUL).
Proposal 1: The network may configure RACH partition specific (i.e. feature combination specific) value of rsrp-ThresholdSSB-SUL. The UE selects a RACH partition before selecting a carrier for RACH transmission.
It should be noted that for SDT, in the running MAC CR in [4], there is a parameter called sdt-RSRP-ThresholdSSB-SUL. We think this parameter can still be kept for the sake of choosing a carrier for CG-SDT. For CG-SDT carrier selection, it is not possible to use the threshold signalled in RACH configuration as RACH is not used if the conditions for performing CG-SDT are met. In any case, if Proposal 3 above is agreed, it is up to SDT WI discussions how to handle the existing sdt-RSRP-ThresholdSSB-SUL parameter.
Observation 1: sdt-RSRP-ThresholdSSB-SUL used in MAC running CR for SDT is still needed for carrier selection for CG-SDT.

When it comes to BWP selection, the BWP selection rules are specified in section 5.15 in MAC specifications and the rules can be summarized as follows:
1. If RACH is configured on the active BWP -> use active BWP.
2. If there is no RACH on the active BWP -> switch to initial BWP.
In general, this principle should be reused. The main concern is about RedCap since it is agreed that RedCap UE can be configured with a separate initial BWP. From our point of view, if the RedCap-specific initial BWP is configured, then it should be prioritized for RedCap UEs.
Proposal 2: In general, BWP selection is performed before RACH partition selection. But further discussion is needed for the case where RedCap-specific initial BWP is configured.
2.2 Selection of RA resource partition
At the last meeting, RAN2 agreed that the network may not provide RACH partitions for all possible feature combinations, and the selection of RACH partitions in the case of missing combination is raised in the offline e-mail discussion [1]. Three options are provided there as follows:
	Q3: If only a subset of features have a matching RACH partition, and the triggered RACH doesn’t fit with any of the configured RACH partitions, then which option do companies prefer and why?
Option 1: it is up to UE implementation to select the RACH partition that matches UE’s preference based on implementation 
Option 2: the UE selects legacy RACH resource
Option 3: we specify a set of rules based on which the UE shall select another RACH partition


According to the discussion, option 1 has been ruled out while the companies’ views on option 2 and option 3 are divergent. From our point of view, if there are RACH partitions supporting a subset of feature combinations, it is preferable to select one of them rather than performing legacy RACH. First, UE can still benefit from early identification of part of its features. For example, in the case where only the RACH partition for SDT and legacy RACH resource are configured, a slice+SDT UE can utilize the RACH partition for SDT to enjoy the advantage of reduced signalling overhead and power consumption compared to choosing legacy RACH resource. Besides, if all the UEs without perfectly matched RACH partitions select legacy RACH resource, it may cause unbalanced loads on RACH partitions and a high collision rate, thus degrading the access performance and resource utilization. However, if there are no RACH partitions for any subsets of UE’s selected feature combination, selecting legacy RACH resource should come into the picture to at least ensure the opportunity of access attempts.
Proposal 3: When there are no RACH partitions for UE’s feature combination, UE should select RACH resource according to the following order:
1. Select one of the RACH partitions supporting a subset of feature combination based on some pre-set rules.
2. If 1 is not available, select legacy RACH resource.

On this basis, the next question is how to specify the rules of choosing from the RACH partitions for different subsets of UE’s feature combination. After the offline discussion in [1], companies do not reach a consensus on whether to have static rules that defined in the specs or to have configurable ones. Despite that static rules seem to be more straightforward and are free of the overhead of SI, we believe the network configured rules are more future proof and flexible. In addition, if static rules are used, we have to further discuss the priority of all features and feature combinations and conclude it in RAN2 very quickly given the timeline of Rel-17. Besides, we also need to update the rules each time a new feature relying on RACH partition is added in the future. By contrast, configurable rules do not have this problem and are more flexible to adapt to the distinct preference of different operators on setting the priority rules.
Proposal 4: When there are multiple RACH partitions for different subsets of UE’s feature combination, the selection rules should be configurable.
2.3 RNTI collision problem
The RNTI collision issue for RACH partitioning is also discussed in [1] and there are three options as follows:
	Q 10: To solve the RNTI collision issue, which option do companies prefer?
Option 1: Do nothing (i.e. leave to network implementation)
Option 2: A custom offset, signalled through RRC and associated to each PRACH configuration, is added in the formula for RA-RNTI and/or MSGB-RNTI. The legacy PRACH configuration it is assumed to have offset = 0 (see [2])
Option 3: The network should be able to (optionally) configure a specific search space for RAR/MSGB monitoring per RACH resource partition (see [3] – as was already agreed anyway for some features – e.g. SDT)


According to the summary in [1], option 2 has been ruled out considering that the remaining RNTI space is very limited and it is not easy to configure an appropriate offset. However, further discussion is needed on option 1 and option 3. 
For option 1, although NW can try to resolve RNTI collision issue by configuring ROs of different features and feature combinations at different time, it is extremely difficult to realize perfect configuration in practice since the number of features and feature combinations is already large and may continue to increase in the future. For option 3, it should be noted that the 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 is simplest and would not impose new requirements on the UE.
Proposal 5: To avoid RNTI collision issue, the network should be able to (optionally) configure a feature (combination) specific search space for RAR/MSGB monitoring. 
2.4 Fallback rules
At RAN2 #115-e meeting, it is agreed that 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: 
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.


However, it should be noted that there were 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 6: 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).
However, the first agreement related to slicing is not that straightforward to extend to other features. For example, falling back from 2-step RA-SDT to 4-step legacy RACH would require TB rebuilding and hence is also non-preferred. For RedCap, if a RedCap UE falls back to legacy RACH resources when Msg1 RedCap indication is configured in the network, then RACH procedure will likely fail 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 and hence the following agreement is reached in CovEnh WI:
From CE perspective, if CE RA is selected, then the decision doesn’t change during the entire RACH procedure (i.e. until RACH failure). 
Since it has been agreed in the last meeting that for slicing, unified partitioning framework should take priority, and there is no clear motivation for such fallback case for any of other features, we propose to agree the following: 
Proposal 7: Fallback from 2-step feature (combination) specific RACH to 4-step common RACH is not supported.

3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Proposal 1: The network may configure RACH partition specific (i.e. feature combination specific) value of rsrp-ThresholdSSB-SUL. The UE selects a RACH partition before selecting a carrier for RACH transmission.
Proposal 2: In general, BWP selection is performed before RACH partition selection. But further discussion is needed for the case where RedCap-specific initial BWP is configured.
Proposal 3: When there are no RACH partitions for UE’s feature combination, UE should select RACH resource according to the following order:
1. Select one of the RACH partitions supporting a subset of feature combination based on some pre-set rules.
2. If 1 is not available, select legacy RACH resource.
Proposal 4: When there are multiple RACH partitions for different subsets of UE’s feature combination, the selection rules should be configurable.
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