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1 Introduction
Several work items in R17 have introduced PRACH partitioning to indicate the capability or support for the perspective feature. Some device types can also support a combination of these features. Given the PRACH capacity is limited, independent PRACH partitioning for each feature combination can cause run-away PRACH overhead and impact collision probabilities for legacy UEs.

During RAN2 #114-e, 115e, and 116e initial discussions took to figure out how to accommodate PRACH partitioning effectively for all new R17 features. Some preliminary relevant agreements are included in Annex A. In this contribution, remaining open issues for PRACH partitioning and indication of feature combination is discussed.
2 Discussion
PRACH resource partitioning is already used in R15/16 to indicate the best SSB, 2-step vs. 4-step RACH, and message 3 size (group A vs. B). In Rel-17, further PRACH partitioning is introduced by the following features:

· RedCap: to indicate reduced capability device type to the network

· SDT: to distinguish the RA procedure in order to support larger payload sizes for small data transmission

· CovEnh: to indicate need for coverage enhancement for Msg3 repetition

· Slicing: to indicate high priority slice to the network and to achieve slice isolation also for RACH

Some of these features can be support by the same device simultaneously (e.g. an IIoT redcap device supporting small data transmission on a given slice), and thus partitions are needed to indicate combinations of these features, thus squeezing the preamble space capacity.
2.1 Partition Selection
Handling of missing feature premutation

It was agreed that RAN2 assumes that the network may not provide all possible permutation, and FFS whether the selection in case of missing combination is specified or left to UE implementation. The following options are possible for selecting a resource for Msg1, as discussed in the pre-meeting email discussion [2]:
1. Up to UE implementation to select the RACH partition that matches UE’s preference: if there are no suitable Rel-17 RACH partitions satisfying the feature combination, the UE may choose any other RACH partition. 

2. UE selects legacy RACH resource: if there are no suitable Rel-17 RACH partitions satisfying the feature combination,  the UE will not select any other Rel-17 partition (even if that partition may indicate a subset of features that triggered the RACH procedure)

3. A set of rules based on which the UE shall select another RACH partition is specified:
· If the feature combination is not available, the UE prioritizes the selection 
· If the feature combination is not available, the UE can further indicate the missing feature(s) in a subsequent transmission (e.g. in the payload of msg3/msgA)

There was no clear consensus from the discussion. With option 1, then a UE capable of one feature but not another may receive RAR for the other feature which the UE may not be capable of, thus not satisfying the feature. Option 2 is simple and does not require optimizations, but also results in not satisfying the feature as the RA procedure will be treated like a legacy procedure. Option 3 is the best possible option, since it at least satisfies a subset of the feature combination that triggered RA.

With option 3, the pre-meeting discussion [2] also discusses how to provide the prioritization rules to the UE, either by defining them statically in the specifications or by semi-statically configuring them by SI broadcast signalling. it’s simpler to use rules defined based on UE capabilities/features, rather than broadcasting them. SI overhead is unnecessary in this case, as there is no motivation to introduce the dynamic prioritization rule configurations by the network.
Proposal 1: 
if the feature permutation that triggered RACH is missing from the available configured PRACH partitions, a static set of rules is specified, based on which the UE shall select another RACH partition.

If there are no available SDT RA resources configured, legacy RACH will be used -per agreements in the SDT work item. For the remaining features, in case a feature combination is missing from the configured RACH partitions, the UE should prioritize the selection of available partitions per the following order: slicing, redcap, then coverage enhancement.
Observation 1: If there are no available SDT RA resources configured, legacy RACH will be used
Proposal 2: 
if the feature permutation that triggered RACH is missing from the available PRACH combinations, the UE should prioritize the selection of available partitions per the following order: slicing, redcap, then coverage enhancement.
Since not all features were indicated in by the selected msg1 resource, the UE can include a subsequent indication to indicate the missing feature from the selected partition. The subsequent indication can be transmitted on in the payload of Msg3/msgA or on a second preamble.
Proposal 3:
UE indicate the missing feature from the selected partition in a subsequent indication.
BWP selection
There was also an issue not concluded in the email discussion [2] about whether BWP selection happens before RA type selection or visa-versa. Per legacy specs, the UE does not change its BWP upon RACH initiation unless the active UL BWP doesn’t match the index of the active DL BWP, of if the UL BWP does not have available RACH resources. This happens before PRACH type selection (e.g. 2-step or 4-step RA). The same can be kept, i.e. BWP selection is not impacted by the feature combination that triggered RACH, and BWP selection precedes PRACH partition selection. This is also inline with carrier selection, which also precedes RA type selection.

Proposal 4: 
BWP selection precedes PRACH partition selection, as in legacy.
2.2 Fallback between Partitions
In previous RAN2 meetings, the following was agreed:

· 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.

· From CE perspective, if CE RA is selected, then the decision doesn’t change during the entire RACH procedure (i.e. until RACH failure).

· For RACH type selection, UE first selects between slice-specific and common RACH, then selects between 2-step and 4-step.

· The following fallback cases are not supported in this release:

· Fallback from 4-step slice specific RACH to 4-step common RACH

· 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

In general, it is agreed that the UE sticks with the same PRACH partition for a preamble retransmission. Otherwise, there could be complications with regards to Msg3 rebuilding as well as complications to the RA procedure. And yet, there is the following FFS: whether to support fallback from 2-step slice specific RACH to 4-step common RACH, if 4-step slice specific RACH is not configured. 

To keep conformity with the above agreements (i.e. not switching RA types within the procedure, the FFS should not be supported. Unless legacy fallback from 2-step to 4-step RA are triggered (e.g. based on reception of a RAR after N attempts), the UE should not fallback to to 4-step common RACH.

Proposal 5: 
Unless legacy fallback from 2-step to 4-step RA are triggered (e.g. based on reception of a RAR or after N 2-step attempts), the UE should not fallback to to 4-step common RACH.

2.3 RA-RNTI Confusion
If the number of feature combinations is large, separating them on different ROs that have different RA-RNTI values may not be possible. In most cases, NW implementation can handle the issue by separating the feature combinations on different ROs. However, in some cases this can lead to increased RA-RNTI confusion cases when different features share the same ROs (even if they are separated in the frequency domain in some cases), as the PRACH capacity may be limited in some loaded cells. One solution is to partition the features in the preamble space, but this also limits the network configuration. Instead, an offset in the RA-RNTI formula can be used and configured to create separate preamble spaces. This avoids the need to introduce separate search spaces for this purpose.
Proposal 6: 
Network can optionally configure an RA-RNTI offset associated with a PRACH configuration. If configured, the offset is added in the formula for RA-RNTI/MsgB-RNTI for a preamble selected from that PRACH configuration.
3 Conclusion
In this contribution, PRACH partitioning is discussed to accommodate efficient indication of the SDT, RedCap, Slicing, and coverage enhancement R17 work items. The following observations and proposals are made:
Proposal 1: 
if the feature permutation that triggered RACH is missing from the available configured PRACH partitions, a static set of rules is specified, based on which the UE shall select another RACH partition.

Observation 1: If there are no available SDT RA resources configured, legacy RACH will be used
Proposal 2: 
if the feature permutation that triggered RACH is missing from the available PRACH combinations, the UE should prioritize the selection of available partitions per the following order: slicing, redcap, then coverage enhancement.
Proposal 3:
UE indicate the missing feature from the selected partition in a subsequent indication.

Proposal 4: 
BWP selection precedes PRACH partition selection, as in legacy.
Proposal 5: 
Unless legacy fallback from 2-step to 4-step RA are triggered (e.g. based on reception of a RAR or after N 2-step attempts), the UE should not fallback to to 4-step common RACH.

Proposal 6: 
Network can optionally configure an RA-RNTI offset associated with a PRACH configuration. If configured, the offset is added in the formula for RA-RNTI/MsgB-RNTI for a preamble selected from that PRACH configuration.
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5 Annex A: Relevant Agreements
RA partitioning agreements 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

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.


From RAN2#116e:

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

2 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)

3 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.   

Working Assumptions (to be confirmed in the common RACH session):

1.     From CE perspective, carrier selection and BWP selection are performed ahead of CE selection during RACH procedure.

2.     From CE perspective, UE compares the RSRP of DL path-loss reference with the Msg3 repetition threshold [rsrp-Threshold-Msg3Rep] during the RACH initialization procedure and decides whether to use CE or non-CE RA.

3.     From CE perspective, if CE RA is selected, then the decision doesn’t change during the entire RACH procedure (i.e. until RACH failure).

=>
confirm working assumption 

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 

2
For slicing, unified partitioning framework should take priority 

FFS for next meeting – whether RAN2 confirms the following agreements/assumption made in the Slicing WI regarding fallback for slice-specific 2-step RACH


=>
The agreement 9 needs to be aligned to common framework where the UE falls back (switching) to the same RA type it has initially selected and we will update the wording next meeting

6  For RACH type selection, UE first selects between slice-specific and common RACH, then selects between 2-step and 4-step.

9  The following fallback case is supported?:

–
Fallback case 2: Fallback from 2-step slice specific RACH to 4-step common RACH, if 4-step slice specific RACH is not configured. 

10 The following fallback cases are not supported in this release:

–
Fallback case 1: Fallback from 4-step slice specific RACH to 4-step common RACH

–
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
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