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Introduction 
There is a post meeting email discussion [1] on this to further progress on the work.
In this contribution, we further discuss the issues related to the RACH resource/configuration selection and also fallback mechanism. 
Discussion
Feature combination selection for PRACH configuration/resources
As agreed in the last RAN2 meeting, the feature combination specific PRACH configuration/resources selection is performed between UL carrier selection (to select between SUL and NUL) and RA Type selection (selection between 2-step RA and 4-step RA). The retransmission shall be performed over the same RACH resources and carrier.
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.  
One issue here is that a serving cell may not support all the feature combinations that the UE needs for RACH differentiation. For example, cell supports PRACH resources/configuration for common RACH for legacy UE, slicing + Redcap and SDT + RedCap but UE can support/require SDT+Slicing+RedCap. In this example, the UE can either use PRACH resources/configuration for common RACH for legacy UE or pick either the PRACH resources/configuration for slicing + RedCap or SDT + RedCap. 
Whether a UE can select a particular PRACH configuration/resources corresponding to a feature combination also depends on whether the UE satisfies the criteria set out by the feature. Examples of such criteria is as follow:
· For CovEnh, it depends on a RSRP threshold configured by network. If measured RSRP is below the threshold, UE can request to perform Msg3 repetition
· For Slicing, it depends on whether upper layer indicates the slice group ID to the access stratum
· For RedCap, it depends on whether the UE is a RedCap type UE.
· For SDT, it also depends on whether the network has configured the UE to perform SDT over RACH and whether UE meets the required requirements to initiate RA-SDT (e.g. detecting traffic only for radio bearers configured for SDT, meeting the RSRP threshold specific to SDT or meeting the data volume threshold specific to SDT).
Based on the above criteria, the UE can determine which features can be combined to form the feature combinations. As explained, the serving cell may support the PRACH configuration/resources for more than one of the feature combinations determined by the UE and the question is on which one should the UE selects for RACH access.  There are several options that the UE picks the PRACH configuration/resources:
Option 0: Leave it to the UE implementation to pick among the PRACH configuration/resources supported by the cell that corresponding to the feature combinations determined by the UE
Option 1: UE picks the legacy common PRACH configuration/resources configured in the BWP if no PRACH configuration/resources signalled by the network correspond to feature combination meeting all the features determined to be expected by the UE
Option 2: UE picks the PRACH configuration/resources corresponding to feature combination based on the maximum number of features matching between the feature combinations supported by the cell and the feature combinations determined by the UE (i.e. UE to select the PRACH configuration/resources corresponding to the feature combination that meet most of the features in the feature combination determined by the UE) 
Option 3: UE picks the PRACH configuration/resources corresponding to the feature combination supported by the cell that matches with the feature combination determined by the UE which has the highest priority assigned by the network. 
In this option, a priority is provided by the network for each PRACH configuration/resources corresponding to feature combination/feature supported by the cell. The UE will select the PRACH configuration/resources corresponding to the feature combination that are valid as identified in Step 2 with the highest priority or corresponding to the feature in the feature combination with the highest priority. If there are still more than one PRACH configuration/resources with equal priority, it can be left to UE implementation which PRACH configuration/resources corresponding to a feature combination that are valid should be selected. 
Alternatively, network can provide priority for each of the feature or the priority for each of the feature can be predefined in the specification. The UE will select the PRACH configuration/resources corresponding to the feature combination that are valid as identified in Step 2 which has the highest aggregated priority. For example, there are 2 feature combinations {Slicing + RedCap} and {Slicing + SDT}. If slicing has priority 1, RedCap has priority 2 and SDT has priority 3, the UE will select {Slicing + SDT} as it provides an aggregated priority of 4 while {Slicing+RedCap} provides an aggregated priority of 3. Alternatively, other rules may be followed as explained above in relation to having multiple feature combinations that meet a given condition.
An example of how this option 3 with priority per feature may work is the following: 
· Cell supports PRACH configuration/resources corresponding to feature combination CovEnh + Slicing and CovEnh + RedCap. Priority is specified or configured for each feature. CovEnh has priority 4, Slicing has priority 1 and RedCap has priority 3. 
· The priority for PRACH configuration/resources corresponding to feature combination CovEnh + Slicing = 5 while to feature combination CovEnh + RedCap = 7. 
· If the feature combination possible by UE is CovEnh+Slicing+RedCap, the UE selects the PRACH configuration/resource corresponding to feature combination CovEnh+RedCap.
Option 4: Combinations of the above options or part of the options.
Unlike Option 1, the UE will select the legacy common PRACH configuration/resources configured in the BWP if the cell does not support feature combination specific RACH (e.g. legacy cell) or does not provide any feature combination that are determined by the UE.
On the other hand, if there are PRACH configuration/resources with feature combinations supported by the cell that matches the feature combination determined by the UE, the UE will select the PRACH configuration/resources that corresponds to the feature combination based on the maximum number of features matching between the feature combination supported by the cell and the feature combination possible by the UE (as in Option 2). If there are multiple feature combinations that are still valid after applying Option 2, the UE can apply Option 3 to select the PRACH configuration/resources corresponding to the feature combination assigned with the highest priority.
A summary of the Options are as follow:
	Options
	Key points

	0 (up to UE)
	It is up to the UE to choose among the PRACH configuration/resources corresponding to feature combinations that are valid to the UE including the legacy common configuration for 4-step RACH and/or 2-step RACH.

	1 (exact match)
	If there is a PRACH configuration/resources corresponding to the feature combination that are possible by the UE, the UE will select that, Otherwise, the UE will select the legacy common configuration for 4-step RACH and/or 2-step RACH. 

	2 (best match)
	The UE will select the PRACH configuration/resources corresponding to the feature combination that matches most of the features in the feature combination that is possible by the UE. Otherwise, the UE will select the legacy common configuration for 4-step RACH and/or 2-step RACH.

	3 (highest priority assigned by network)
	The UE will select the PRACH configuration/resources corresponding to the feature combination supported by the cell that matches the feature combination determined by the UE and if there are more than 1 that matches will select the one that are assigned with the highest priority or with highest aggregated priority.

	4 (mixed of previous options)
	This is a mix of Options 1 and 2 or 3.
If no PRACH configuration/resources corresponding to feature combinations that are determined by the UE, the UE will select the legacy common configuration for 4-step RACH and/or 2-step RACH.

Else if there is only 1 PRACH configuration/resources corresponding to the feature combination that are determined by the UE, the UE will select that,

Otherwise, if there are one or more PRACH configuration/resources corresponding to the feature combination that are valid, UE selects the PRACH configuration/resources corresponding to the feature combination that has the highest priority assigned by the network (like Option 3) or one with feature combination having the most match (like Option 2).



In comparison, Options 0 is the simplest but that will mean that network has no control over the PRACH configuration/resources that the UE will pick. Option 1 and 2 are based on some UE criteria to decide on which PRACH configuration/resources that the UE can select. Option 3 provides some form of network control while Option 4 takes a mixture of Option 1 and 2 or 3 which allows for some UE criteria and/or network control and thus provides the full flexibility. It would be good that there are some network control or at least the selection is specified.
Proposal#1: PRACH configuration/resources selection should not be left to UE implementation.
Some form of Option 1 is needed to decide whether to choose between PRACH configuration/resources of common RACH (if it is available in the BWP) and PRACH configuration/resources specific to feature combinations. Between the need of Option 2 and 3, it may require further discussion.
Proposal#2: When the cell does not support the required feature combination specific RACH or does not provide any feature combination that is suitable to the UE (i.e. cell does not provide the subsets of the feature combination required by the UE), the UE selects the legacy common PRACH configuration/resources configured in the BWP
Proposal#3: RAN2 discuss whether to go with Option 2 (best match) and/or 3 (highest priority assigned by network) when selecting the feature combination specific PRACH configuration/resources.
If only Option 3 is agreed, as discussed in [1], there are the following options to define a set of priority rules:
Option a: Priority rules are static and will be defined in the specs (e.g. the available RACH partition with slice info will be prioritized etc)
Option b: Priority rules are configurable (e.g. rules can be configured in SI)
Each network may have different priority for each feature and this can only be achieved if the priority of each feature or feature combination is configurable. Also as mentioned by some companies, Option b is more future proof since RACH partitioning may include or allow new features in the future releases.  For example, if static priority rules are based on some fixed priority value, it may be difficult to add future feature that may be prioritized between legacy features. 
Proposal#4: Priority rules for selecting the feature combination for the RACH configuration are configurable.
If Proposal#4 is agreed, the next question is how to define these configurable rules.  There are 2 approaches in providing the configurable rules:
Approach A: List the features in priority order
Approach B: Assign a value for each feature (e.g. similar to cell reselection priorities)
There is no difference between the 2 approaches. However we have a slight preference for Approach B.
Proposal#5: If Proposal#4 is agreed: On the priority rules, a configurable priority value is provided for each feature 
A highest priority feature required by the UE may be configured in 2 or more feature combinations of the RACH configuration (e.g. assuming SDT is the highest priority feature and the RACH configurations are provided for feature combinations SDT + Slicing, SDT + RedCap). In this case, one simple approach is to leave it to UE implementation. Another approach is to take the aggregated priorities. For example, SDT has priority value of 8 while RedCap has priority 2 and Slicing has priority 3, the aggregated priorities for feature combination SDT+Slicing is 11 while the aggregated priorities for feature combination SDT+RedCap is 10. In this case the UE should select the feature combination SDT+Slicing. It would be good that this is specified in the specification instead of leaving it to UE implementation.
Proposal#6: If Proposal#4 is agreed: If more than one feature combination contains the highest priority feature, the feature combination selection needs to be defined (e.g. aggregated priorities can be used to determine the feature combination selection). 
If feature combination selected is linked to both the 2-step PRACH configuration/resources and 4-step PRACH configuration/resources, the UE will decide to use the 2-step or 4-step PRACH configuration/resources based on the msgA-RSRP-Threshold-r16 as per legacy. This is also aligned to the rapporteur’s Proposal 9 in [1].
Proposal#7: If feature combination selected is linked to both the 2-step PRACH configuration/resources and 4-step PRACH configuration/resources, the UE will decide to use the 2-step or 4-step PRACH configuration/resources based on the msgA-RSRP-Threshold-r16 as per legacy operation.
PRACH configuration/resources selection for fallback to 4-step RACH selection
In Rel-16, when fallback to Msg1 is configured (i.e. threshold is configured and 4-step RACH configuration is configured for the BWP of the 2-step RACH), the UE fallback to the 4-step RACH configuration. Fallback to Msg1 in 4-step RACH occurs when the number of retransmissions on the 2-step RACH exceeds a certain threshold. For multiple feature combination case, the question is on which 4-step PRACH configuration/resources to fallback to. The most straightforward approach is to fallback to Msg1 to the 4-step PRACH configuration/resources corresponding to the feature combination selected for 2-step RACH (if the 4-step PRACH configuration/resources is configured). If the 4-step PRACH configuration/resources corresponding to the feature combination selected for 2-step RACH is not configured, the UE either does not perform fallback or perform fallback to Msg1 of the common 4-step RACH resources of the BWP (if it is configured). For the latter, it requires some discussion considering how the switch works today between 2-step and 4-step RACH, e.g. the Msg3 size may not be the same as MsgA PUSCH size and MAC PDU rebuilding is required (e.g. for the case of SDT). Hence the most straightforward approach is to just not perform any fallback and continue with the 2-step RACH as per legacy.
Alternatively, if the 4-step PRACH configuration/resources corresponding to the feature combination selected for 2-step RACH is not configured, instead of fallback to common RACH (if configured) or no fallback, the UE can select other 4-step PRACH configuration/resources corresponding to other feature combination. Similar rules as for feature combination selection in Section 2.1 is needed to select a 4-step PRACH configuration/resources. However, we think this should be avoided for fallback since such fallback is infrequent and should just follow a former straightforward approach.
Proposal#8:   The UE follows the following rules for fallback to Msg1:
· If the 4-step PRACH configuration/resources corresponding to the feature combination selected for the 2-step RACH is configured for the same BWP, fallback to Msg1 to the 4-step PRACH configuration/resources 
· Otherwise, the UE performs no fallback.
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Proposal#1: PRACH configuration/resources selection should not be left to UE implementation.
Proposal#2: When the cell does not support the required feature combination specific RACH or does not provide any feature combination that is suitable to the UE (i.e. cell does not provide the subsets of the feature combination required by the UE), the UE selects the legacy common PRACH configuration/resources configured in the BWP
Proposal#3:  RAN2 discuss whether to go with Option 2 (best match) and/or 3 (highest priority assigned by network) when selecting the feature combination specific PRACH configuration/resources.
Proposal#4: Priority rules for selecting the feature combination for the RACH configuration are configurable.
Proposal#5: If Proposal#4 is agreed: On the priority rules, a configurable priority value is provided for each feature 
Proposal#6: If Proposal#4 is agreed: If more than one feature combination contains the highest priority feature, the feature combination selection needs to be defined (e.g. using the aggregated priorities can be used to determine the feature combination selection). 
Proposal#7: If feature combination selected is linked to both the 2-step PRACH configuration/resources and 4-step PRACH configuration/resources, the UE will decide to use the 2-step or 4-step PRACH configuration/resources based on the msgA-RSRP-Threshold-r16 as per legacy operation.
Proposal#8:   The UE follows the following rules for fallback to Msg1:
· If the 4-step PRACH configuration/resources corresponding to the feature combination selected for the 2-step RACH is configured for the same BWP, fallback to Msg1 to the 4-step PRACH configuration/resources 
· Otherwise, the UE performs no fallback.
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