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Introduction
In this contribution we discuss signaling details for configuration of preambles and RACH resources for a feature/feature combination.
Discussion
RAN2 has discussed the RACH indication/partitioning in RAN2 #115e and made the following agreements with respect to configuration of preambles and RACH resources.
RAN2 #115 Agreements [1]
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












Preamble Configuration
In the legacy design, when 2 step RA was introduced in R16 and ROs of 2 step RA was shared with ROs for 4 step RA, a pre-defined rule was introduced and according to this rule preamble per SSB per valid RO for 2 step RA immediately followed the preambles for 4 step RA. 
In R17, there can be several feature/feature combinations (as shown in table 1). Network can configure several RACH configuration (s) where each RACH configuration corresponds to a feature/feature combination in table 1. 
ROs can be shared amongst one or more RACH configurations corresponding to feature/feature combinations listed in table 1. This means ROs of a RACH configuration corresponding to a feature/feature combination can be shared with legacy ROs and/or with ROs of RACH configurations corresponding to another feature/feature combination. The ROs of 2 step RA configuration of a feature/feature combination can be shared with ROs of 2 step RA configuration of another feature/feature combination and/or can be shared with ROs of 4 step RA configuration of another feature/feature combination. Similarly, the ROs of 4 step RA configuration of a feature/feature combination can be shared with ROs of 4 step RA configuration of another feature/feature combination and/or can be shared with ROs of 2 step RA configuration of another feature/feature combination.
The pre-defined rule based approach is not suitable for R17 because of several feature/feature combinations and RO sharing options. A simple approach would be to configure starting preamble index (S) for each RACH configuration corresponding to a feature/feature combination.
Table 1


	Feature/Feature combination
	Redcap
	CE
	SDT
	Slicing

	0
	Yes
	Yes
	Yes
	Yes

	1
	Yes
	Yes
	Yes
	No

	2
	Yes
	Yes
	No
	Yes

	3
	Yes
	Yes
	No
	No

	4
	Yes
	No
	Yes
	Yes

	5
	Yes
	No
	Yes
	No

	6
	Yes
	No
	No
	Yes

	7
	Yes
	No
	No
	No

	8
	No
	Yes
	Yes
	Yes

	9
	No
	Yes
	Yes
	No

	10
	No
	Yes
	No
	Yes

	11
	No
	Yes
	No
	No

	12
	No
	No
	Yes
	Yes

	13
	No
	No
	Yes
	No

	14
	No
	No
	No
	Yes

	15 (legacy)
	No
	No
	No
	No


The starting preamble index is used to determine preambles for a feature/feature combination as follows: 
· S is the starting preamble index for the RACH configuration of a feature/feature combination. RACH configuration is a 2 step RACH configuration or a 4 step RACH configuration.
· 
· X is the contention based preambles per SSB for the RACH configuration of a feature/feature combination

· Y is the number of SSBs per RACH occasion for the RACH configuration of a feature/feature combination

· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index S.
· If Y ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is total number of RA preambles
Starting preamble index can be optionally configured. If not configured UE assumes Starting preamble index as zero.
Instead of indicating starting preamble index for each of RACH configuration sharing ROs with another configuration, the RACH configurations sharing same ROs can be listed sequentially in list of RACH configurations, starting preamble index is indicated only for one of the RACH configurations sharing same ROs and preambles of each of shared ROs follows one another. However, this approach is very restrictive and hence not preferred.
Proposal 1: Starting preamble index is configured in the 2 step/4 step RACH configuration of a          feature/feature combination. If not configured UE assumes starting preamble index as zero.
Proposal 2: The starting preamble index is used to determine preambles for a feature/feature combination as follows: 
· S is the starting preamble index for the RACH configuration of a feature/feature combination.
· 
· X is the contention based preambles per SSB for the RACH configuration of a feature/feature combination

· Y is the number of SSBs per RACH occasion for the RACH configuration of a feature/feature combination

· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index S.
· If Y ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is total number of RA preambles
RO Configuration
In the legacy design, PRACH configuration index (prach-ConfigurationIndex) in the 4 step RACH configuration indicates the ROs of a 4 step RACH configuration. PRACH configuration index in the 2 step RACH configuration indicates the ROs of a 2 step RACH configuration. In case ROs of a 2 step RACH configuration are shared with ROs of 4 step RACH configuration, PRACH configuration index is not signaled in 2 step RACH configuration. In case of shared ROs, msgA-SSB-SharedRO-MaskIndex is optionally signaled which indicates the subset of 4-step type ROs shared with 2-step random access type for each SSB. In case of shared ROs, if msgA-SSB-SharedRO-MaskIndex is not signaled then all ROs are shared.
In R17, network can configure several RACH configuration (s) where each RACH configuration corresponds to a feature/feature combination in table 1. In case ROs of RACH configuration is shared, UE needs to know the RACH configuration for which the ROs is shared. Following options can be considered for the same:
Option 1: PRACH configuration index (prach-ConfigurationIndex) is always signaled in the RACH configuration corresponding to a feature/feature combination. SSB-SharedRO-MaskIndex is optionally signaled which indicates the subset of ROs indicated by PRACH configuration index that are available for this RACH configuration. If SSB-SharedRO-MaskIndex is not signaled, all ROs indicated by PRACH configuration index are available for this RACH configuration. In this option it is assumed that SSB-PerRACH-OccasionAndCB-PreamblesPerSSB is also always signaled in the RACH configuration.
Option 2: PRACH configuration index is not always signaled in the RACH configuration corresponding to a feature/feature combination. It can be skipped in case ROs for the RACH configuration is shared with another RACH configuration. The index of RACH configuration with which the ROs are shared can be included in the RACH configuration. For example, let’s say there are six RACH configurations in the list of RACH configurations. If 6th, 5th and 3rd RACH configuration’s ROs are shared, PRACH configuration index can be included in the 3rd RACH configuration and index (i.e. 2) of 3rd RACH configuration in the list of RACH configuration is included in 5th and 6th RACH configuration as shown in Figure 1, where each entry in the list of RACH configurations is sequentially indexed from zero. Alternately, Index of each RACH configuration can also be explicitly signaled by network in RACH configuration, e.g. network can assign same identity/index to RACH configurations which share ROs as shown in Figure 2. Whether the ROs are shared with 2 step or 4 step RACH configuration can also be indicated. 


Figure 1


Figure 2
In this option, SSB-SharedRO-MaskIndex can also be signaled as in case of option 1. SSB-SharedRO-MaskIndex indicates the subset of shared ROs indicated by PRACH configuration index that are available for this RACH configuration. If SSB-SharedRO-MaskIndex is not signaled, all ROs indicated by PRACH configuration index are available for this RACH configuration.
In this option SSB-PerRACH-OccasionAndCB-PreamblesPerSSB can be skipped and CB-PreamblesPerSSB-PerSharedRO is included in some RACH configurations sharing ROs with other RACH configuration. SSB-PerRACH-OccasionAndCB-PreamblesPerSSB and PRACH configuration index is included in only one of the RACH configuration amongst the RACH configurations sharing ROs.
Option 3: PRACH configuration index is not always signaled in the RACH configuration. It can be skipped in case ROs for the RACH configuration is shared with another RACH configuration. RACH configurations with shared ROs can be included one after another in the list of RACH configurations and PRACH configuration index can be included only for the first RACH configuration amongst the RACH configuration. This is illustrated in Figure 3. 
In this option, SSB-SharedRO-MaskIndex can also be signaled as in case of option 2. 
In this option SSB-PerRACH-OccasionAndCB-PreamblesPerSSB can be skipped and CB-PreamblesPerSSB-PerSharedRO is included in some RACH configurations sharing ROs with other RACH configuration. SSB-PerRACH-OccasionAndCB-PreamblesPerSSB and PRACH configuration index is included in only one of the RACH configuration amongst the RACH configurations sharing ROs.


 Figure 3
In our view, option 2 is simple and flexible. So we propose
Proposal 3: PRACH configuration index is not always signaled in the RACH configuration. It can be skipped in case ROs for the RACH configuration is shared with another RACH configuration. 
Proposal 4: RACH configurations sharing the ROs are assigned an index/identity and signaled by network in RACH configuration.
Proposal 5: SSB-PerRACH-OccasionAndCB-PreamblesPerSSB can be skipped and CB-PreamblesPerSSB-PerSharedRO is included in some RACH configurations sharing ROs with other RACH configuration. SSB-PerRACH-OccasionAndCB-PreamblesPerSSB and PRACH configuration index is included in only one of the RACH configuration amongst the RACH configurations sharing ROs.
For flexible signaling of ROs (e.g. to avoid ROs of different RACH configurations starting in same slot/symbol and hence avoid RA-RNTI ambiguity), following parameters can be configured in RACH configuration. Note that these parameters are currently supported only for IAB RACH configuration.
	prach-ConfigurationPeriodScaling
Scaling factor to extend the periodicity of the baseline configuration indicated by prach-ConfigurationIndex. Value scf1 corresponds to scaling factor of 1 and so on.

	prach-ConfigurationFrameOffset
Scaling factor for ROs defined in the baseline configuration indicated by prach-ConfigurationIndex.

	prach-ConfigurationSOffset
Subframe/Slot offset for ROs defined in the baseline configuration indicated by prach-ConfigurationIndex.



Proposal 6: In addition to prach-ConfigurationIndex, following parameters can be optionally included in RACH configuration: prach-ConfigurationPeriodScaling, prach-ConfigurationFrameOffset, prach-ConfigurationSOffset.

Conclusion
Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: Starting preamble index is configured in the 2 step/4 step RACH configuration of a          feature/feature combination. If not configured UE assumes starting preamble index as zero.
Proposal 2: The starting preamble index is used to determine preambles for a feature/feature combination as follows: 
· S is the starting preamble index for the RACH configuration of a feature/feature combination.
· 
· X is the contention based preambles per SSB for the RACH configuration of a feature/feature combination

· Y is the number of SSBs per RACH occasion for the RACH configuration of a feature/feature combination

· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index S.
· If Y ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is total number of RA preambles
Proposal 3: PRACH configuration index is not always signaled in the RACH configuration. It can be skipped in case ROs for the RACH configuration is shared with another RACH configuration. 
Proposal 4: RACH configurations sharing the ROs are assigned an index/identity and signaled by network in RACH configuration.
Proposal 5: SSB-PerRACH-OccasionAndCB-PreamblesPerSSB can be skipped and CB-PreamblesPerSSB-      PerSharedRO is included in some RACH configurations sharing ROs with other RACH configuration. SSB-PerRACH-OccasionAndCB-PreamblesPerSSB and PRACH configuration index is included in only one of the RACH configuration amongst the RACH configurations sharing ROs.
Proposal 6: In addition to prach-ConfigurationIndex, following parameters can be optionally included in RACH configuration: prach-ConfigurationPeriodScaling, prach-ConfigurationFrameOffset, prach-ConfigurationSOffset.
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