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1 Introduction
In the email discussion [Post116-e][514][RACH Partitioning] Signalling design [1], how to signal the PRACH configuration for RACH partitioning with unified signaling has been warmly discussed. In this contribution, we would like to further provide our considerations on RRC signaling design for RACH partitioning.
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
Before going into details for Rel-17 RACH partitioning configuration, we firstly would like to take a look at the already specified RRC configuration structure of the RACH partitioning for 4-step RACH and 2-step RACH. An illustration of the ASN.1 structure is given in the following figure. 


Figure 1: Configuration structure for 4-step RACH and 2-step RACH
According to the output of [1], a similar configuration structure is reused, which is generally shown as below,


Figure 2: Configuration structure for RACH partitioning
Basically, the current structure looks efficient if all the features are deployed based on 4-step RA type. However, in our understanding, the current struct is not so overhead-friendly if the features are deployed based on 2-step RA type. 
For example, assuming both R-15 4-step RA type and Rel-16 2-step RA type are configured in shard RO case. Then [Rel-17 4-step RA type and Rel-17 2-step RA type for feature 1] with [Rel-17 4-step RA type and Rel-17 2-step RA type for feature 2] need to be additionally configured in the same RO. Even though only 1 RO set is used in this case, however, there are 2 entries in the Rel-17 rach-configCommon List. These two entries generally are used for configuring MsgA PUSCH configuration as the current IE MsgA-configCommon cannot be extended (while the legacy IE RACH-ConfigCommon can). If MsgA-configCommon can be extended, then we think there is no need to rach-configCommon List as we only need 1 RO set in this case. 
-- ASN1START
-- TAG-MSGACONFIGCOMMON-START

MsgA-ConfigCommon-r16 ::=           SEQUENCE {
    rach-ConfigCommonTwoStepRA-r16      RACH-ConfigCommonTwoStepRA-r16,
    msgA-PUSCH-Config-r16               MsgA-PUSCH-Config-r16                                      OPTIONAL --Cond InitialBWPConfig
}
-- TAG-MSGACONFIGCOMMON-STOP
-- ASN1STOP
To get rid of this limitation, we think in Rel-17 it is necessary to introduce an extendable MsgA-ConfigCommon, such as 
-- ASN1START
-- TAG-MSGACONFIGCOMMON-START

MsgA-ConfigCommon-r167 ::=           SEQUENCE {
    rach-ConfigCommonTwoStepRA-r176      RACH-ConfigCommonTwoStepRA-r16,     OPTIONAL, -- Need R
    msgA-PUSCH-Config-r176               MsgA-PUSCH-Config-r16                                      OPTIONAL, -- Need R --Cond InitialBWPConfig
featureCombinationMsgA-PUSCH-r17		SEQUENCE (SIZE(1..FFS)) OF MsgA-PUSCH-Config-r16			OPTIONAL			-- Need R

}
-- TAG-MSGACONFIGCOMMON-STOP
-- ASN1STOP
With this modification, only one entry was used in the Rel-17 rach-configCommon List to configure the case mentioned, which seems to be simpler. Thus, we propose 
Proposal 1: Introduce a new extendable IE MsgA-ConfigCommon for Rel-17 RACH partitioning.


Figure 3: Proposed configuration structure for RACH partitioning
Next, we would like to focus on the RACH common configuration for cross WIs when ROs are shared with preamble partitioning. As usual, we would like to first summarize what parameters can be commonly used for both 4-step RACH and 2-step RACH in the case of shared RO. Specifically, 
Common PHY-aspect parameters when ROs are shared:
prach-ConfigurationIndex, msg1-FDM, and msg1-FrequencyStart for RO configuration;
ssb-perRACH-Occasion for the association between RO and SSB; 
msg1-SubcarrierSpacing, restrictedSetConfig, prach-RootSequenceIndex, zeroCorrelationZoneConfig for preamble sequence generation. 
preambleReceivedTargetPower and powerRampingStep for preamble power control. 
Common MAC-aspect parametes:
rsrp-ThresholdSSB-SUL for UL carrier selection;
ra-ContentionResolutionTimer for contention resolution reception
preambleTransMax for declaring a RA failure; 
Then, for the common configuration for multiple Rel-17 features, we generally think the design logic for 2-step RACH can be re-used as the baseline. For example, the above-mentioned PHY-aspect parameters can be commonly configured for those Rel-17 features in the case where shared ROs but preamble partitioning is used. In our understanding, applying this principle helps to relieve potential normative work impacts to R1 WG since no TU is allocated for RAN slicing WI. For the MAC-aspect parameters, we think rsrp-ThresholdSSB-SUL, ra-ContentionResolutionTimer, and preambleTransMax can be commonly configured as well since we cannot observe the additional performance gain brought by separate configuration, taking into account that the fallback back mechanism is supported for RAN slicing and SDT. 
Proposal 2: The following PHY-aspects parametrs can be commonly configured for RAN slicing, SDT, RedCap, and CovEnh WIs: prach-ConfigurationIndex, msg1-FDM, msg1-FrequencyStart, ssb-perRACH-Occasion, msg1-SubcarrierSpacing, restrictedSetConfig, prach-RootSequenceIndex, zeroCorrelationZoneConfig, preambleReceivedTargetPower, and powerRampingStep.
Proposal 3 The following MAC-aspects parameters can be commonly configured for RAN slicing, SDT, RedCap, and CovEnh WIs: rsrp-ThresholdSSB-SUL, ra-ContentionResolutionTimer, and preambleTransMax.
3 Conclusion
The contribution is summarized as follows,
Proposal 1: Introduce a new extendable IE MsgA-ConfigCommon for Rel-17 RACH partitioning.
Proposal 2: The following PHY-aspects parametrs can be commonly configured for RAN slicing, SDT, RedCap, and CovEnh WIs: prach-ConfigurationIndex, msg1-FDM, msg1-FrequencyStart, ssb-perRACH-Occasion, msg1-SubcarrierSpacing, restrictedSetConfig, prach-RootSequenceIndex, zeroCorrelationZoneConfig, preambleReceivedTargetPower, and powerRampingStep.
Proposal 3 The following MAC-aspects parameters can be commonly configured for RAN slicing, SDT, RedCap, and CovEnh WIs: rsrp-ThresholdSSB-SUL, ra-ContentionResolutionTimer, and preambleTransMax.
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5 Annex: Agreements
For Rel-17 small data transmission,
RAN2#112-e meeting agreements:
· As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT
· If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
· If ROs for SDT and non SDT are same, preamble partitioning is needed
· RAN2 continues to progress the work based the separate RACH resources for SDT (i.e. explicit mechanisms to support common resources won’t be pursued unless there is sufficient support for this. However, use of common RACH resources will not be precluded if possible via implementation
· For RA-SDT, up to two preamble groups (corresponding to two different payload sizes for MSGA/MSG3) may be configured by the network.
RAN2#115-e meeting agreements:
· At least the following parameters can be RA-SDT specific. 
· SSB selection related parameters, i.e., rsrp-ThresholdSSB, msgA-RSRP-ThresholdSSB.
· Power control related parameters, i.e., preambleReceivedTargetPower/gA-PreambleReceivedTargetPower, powerRampingStep/msgA-PreamblePowerRampingStep,  msg3-DeltaPreamble/msgA-DeltaPreamble. 
· Preamble group related parameters, i.e., msg3-DeltaPreamble/msgA-DeltaPreamble, messagePowerOffsetGroupB for 2-step RA-SDT and 4-step RA-SDT.
· For shared ROs case, all the following configurations can be allowed:
· 4-step RA-SDT shares ROs with 4-step RA and/or 2-step RA
· 2-step RA-SDT shares ROs with 4-step RA and/or 2-step RA
· 2-step RA-SDT shares ROs with 4-step RA-SDT and/or 4-step RA and/or 2-step RA.
· RA-SDT can be configured on initial BWP.  FFS for non-initial BWP.
· RA prioritization related parameters cannot be configured for RA-SDT, i.e., powerRampingStepHighPriority, scalingFactorBI
RAN1#106-e meeting agreements:
· RA-SDT resource cannot be configured on non-initial BWP.
RAN1#106bis-e meeting agreements:
· For RA-SDT power control parameters preambleReceivedTargetPower and powerRampingStep:
· For separate ROs, the power control parameters can be RA-SDT specific

For Rel-17 RAN slicing,
RAN2-113-e meeting agreements:
· Separated PRACH configuration (e.g. transmission occasions of time-frequency domain and preambles) can be configured for slice or slice group. (Agreement 1 above does not imply RAN1 impacts). FFS how many slice groups we can have and how they are indicated.
· Existing RACH parameters prioritization (i.e. scalingFactorBI and powerRampingStepHighPriority ) can be supported as baseline for slices.
· Solution 1 (RACH isolation) & 2 (RACH prioritization) can work independently in a complementary way.
· Both solution 1 and solution 2 for slice-based RACH configuration are recommended for normative work.
RAN2-113bis-e meeting agreements:
· RAN2 aims to support both RO partition and preambles partition.
· Slice based RACH configuration can be applied to idle/inactive UE (only applied for CBRA but not for CFRA). And CONNECTED mode is down prioritized and can be considered if time allows.
· Network can configure slices with 4-step or 2-step (or both) RA resources.
· Legacy 2-step RA fallback mechanism is supported.
RAN2-114-e meeting agreements:
· RAN2 confirm for a slice group, separated RO and/or separate preamble can be configured within the existing RACH-ConfigCommon and RACH-ConfigCommonTwoStepRA.
· Same as NR Rel-15 conclusion, RAN2 conclude that there is no RA-RNTI collision between slice specific RACH and legacy RACH in shared RO.
· Same as NR Rel-15 conclusion, RAN2 conclude that the RA-RNTI collision between slice specific RACH and legacy RACH may happen in separate RO.
· Working assumption: this can be left to network implementation to resolve it (e.g. network configure RO in different time).
· FFS how many slice groups we can have and how they are indicated.
RAN2#115-e meeting agreements:
· Network based solution is introduced to resolve the issue of prioritization parameter collision with MPS/MCS, i.e., Network indicates whether slice override MPS or MPS override slice.
· For slice based RACH prioritization, RAN2 will stick to the current baseline parameters, i.e., scalingFactorBI and powerRampingStepHighPriority, and no additional parameters for this release.
· Reuse the legacy threshold for the selection between 2-step and 4-step slice initiated RACH.
· A new slice grouping mechanism is introduced for RACH configuration. One slice belongs to one and only one slice group. Slice groups are assumed to be only updated when UE does Registration Update.
· 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.
· 6, 9, 10 will be aligned to the common RACH partitioning discussion decisions

For Reduced capability, 
RAN1#105-e meeting Working assumption:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1. The early indication in Msg1 can be configured to be enabled/disabled (e.g. via SIB). FFS details (e.g. separate initial UL BWP, separate PRACH resource, PRACH preamble partitioning).
RAN2#115-e meeting agreements:
· Msg1 identification which can be configured to be enabled/disabled can be specified from RAN2 point of view.
· Solution for early identification for 2-step RACH will be specified.

For Coverage enhancement:
RAN1#104b-e meeting:
· For UE requested Msg3 PUSCH repetition with gNB indicating the number of repetitions, a UE can request Msg3 PUSCH repetition via separate PRACH resources (FFS details, e.g., separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions after SSB association, etc.)
· Whether a UE would request is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
RAN1#105-e meeting:
· A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold. Whether a UE would request is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· For requesting Msg3 PUSCH repetition, support the following: 
· Use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs. 
· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 
· FFS definition of shared RO (e.g., whether the shared RO can be an RO with preamble(s) for 4-step RACH only or with preambles for both 4-step RACH and 2-step RACH).
· FFS whether or not to additionally support one (& only one) more option. 
· E.g. option 2: Use separate RO configured by a separate PRACH configuration index from legacy UEs
· E.g. option 3: Use separate RO, which indlude 
· the separate RO configured by a separate RACH configuration index from legacy UE, and 
· the remaining RO (if any) configured, by the same PRACH configuration index with legacy UEs, that cannot be used by legacy rules for PRACH transmission).
RAN2#115-e meeting agreements:
· RAN2 should focus on Msg3 repetition for 4-step RACH, unless RAN1 makes solid conclusion to support Msg3 repetition for fallbackRAR.
· A separate RSRP threshold is introduced for requesting Msg3 repetition.
· Extension of ra-ResponseWindow and ra-ContentionResolutionTimer are not needed for Msg3 repetition.
· Send an LS to RAN1, saying that support of msg3 repetition on both NUL and SUL is feasible from RAN2 point of view and asking Q1 and Q2 to RAN1. In the LS also indicate that RAN2 thinks that preamble Group B with Msg3 repetition is feasible and ask RAN1 for confirmation.
RAN2#116-e meeting agreements:
· Confirm Msg3 repetition is supported on both NUL and SUL, and network can configure different RSRP thresholds for requesting Msg3 repetition on NUL and SUL. 
· Group B preambles with Msg3 repetition is supported, it is up to network to decide whether to configure Group B together with Msg3 repetition.
· If Group B preambles with Msg3 repetition is configured, network can configure separate parameters for requesting Msg3 repetition, including ra-Msg3SizeGroupA, messagePowerOffsetGroupB and numberOfRA-PreamblesGroupA (ASN.1 details can be discussed in session on RACH partitioning)
· ra-ContentionResolutionTimer is started or restarted in the first symbol after all Msg3 repetitions.
· In shared RO case, it is not supported to configure a separate set of RACH parameters (preambleReceivedTargetPower, powerRampingStep, preambleTransMax) for requesting Msg3 repetition. 
· In shared RO case, it is not supported to separately configure following parameters for requesting Msg3 repetition: 
· prach-ConfigurationIndex, 
· msg1-FDM, 
· msg1-FrequencyStart,
· zeroCorrelationZoneConfig, 
· totalNumberOfRA-Preambles, 
· ssb-perRACH-OccasionAndCB-PreamblesPerSSB, 
· rsrp-ThresholdSSB-SUL,
· prach-RootSequenceIndex,
· msg1-SubcarrierSpacing,
· restrictedSetConfig,
· msg3-transformPrecoder,
· In shared RO case, it is up to the common RACH session to decide how to configure the number of preamble per SSB per RO, and how to indicate the start of preamble index for requesting Msg3 repetition. 
· A separate rsrp-ThresholdSSB threshold is introduced for requesting Msg3 repetition.
· From CE perspective, carrier selection and BWP selection are performed ahead of CE selection during RACH procedure. 
· 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. 
· 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 partitioning:
RAN2#115-e meeting agreements:
· 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
· Preambles associated with a Rel-17 feature should never be chosen by legacy UEs in the case of RO sharing.  
· 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
· 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.
· 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.
· 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.
RAN2#116-e meeting agreements:
· 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 
· 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) 
· 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) 
· As a baseline, a feature combination shall have the same number of preambles in all SSBs 
· Signalling should allow that a particular feature/feature combination can be mapped only to a subset of the RACH occasions of a RACH configuration. 
· The legacy masking index approach is reused in Rel-17 RA partitioning 
· 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) 
· 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.
· 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 
· For slicing, unified partitioning framework should take priority
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