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1. [bookmark: _Toc18403966][bookmark: _Toc18413600][bookmark: _Toc18404533]Introduction
In Rel-17, a number of WIs will likely need RACH resource partitioning. As of now, these WIs are: 
· SDT
· To identify SDT cause and provide larger MSG3/MSGA payload size
· RAN slicing
· For RA resource prioritisation and slice isolation
· REDCAP
· For network to know the REDCAP UE at MSG1 level
· Coverage extension
· To identify the coverage extension UE at MSG1 level and to use coverage extension mechanisms from MSG3 onwards
In this contribution we discuss the cross WI and cross WG aspects of configuring separate RACH resources for the above use cases
2. Feature combinations
Until Rel-16, MSG1/MSGA preamble indicates the following information: 
Rel-16 Info set
1. Selected SSB 
2. CFRA or CBRA cause
3. Payload size (preamble group B configured or not)
4. Random access type (2-step vs 4-step RA)
The above indication can be conveyed by either the selected Random access Occasion (RO) or the selected preamble or a combination of the RO + preamble. 
With Rel-17 the RO or Preamble or RO + Preamble combination will need to indicate the following in addition:
Rel-17 Info set
· SDT cause
· This is a binary indication (i.e. the access is either for SDT or for non-SDT)
· RAN slicing
· The selected RAN slice has be indicated 
· The number of RAN slices available may be configured
· It is not yet clear whether there is a one-to-one mapping between the RAN slices and RACH resource partitioning or not (i.e. can more than one slice use the same RACH partition or does each slice need a different RACH partition)
· In the worst case, if there are N slices, we need N partitions 
· REDCAP
· Assuming there are no sub-categories for the REDCAP UES, this is also likely to be a binary indication (i.e., the UE either is a REDCAP UE or not)
· Coverage extension
· Based the latest status for this WI in RAN1, it seems the UE will either indicate a need for CE or not (i.e. the indication is binary in nature). 
Given the above situation, we need a holistic analysis of RACH resource configuration to accommodate all the above use cases. 
The first question is whether all the ROs should satisfy all the above use cases. The ROs provide random access resources (i.e. preambles) and the ROs are generally evenly spread in time/frequency domain to cater for a required random access latency. Some services may be time critical and may require a more frequent RO opportunity whilst the other services may be tolerant to a sparser resource configuration as these are more delay tolerant. Ideally, if all ROs can accommodate all the above information, then there would be no issue, however, we should keep in mind that there is only a limited preamble space (64 preambles in general) and even in the simplistic example below, it is clear that not all ROs can accommodate all the use cases. 
e.g: Number of SSBs (2) x group B configured (2) x 2-step and 4-step RA (2) x SDT allowed (2) x #Slices (2) x REDCAP (2) x Coverage ext (2) = 128! 
Observation 1: In order to cater for the RA resources, some services will not be available on some of the ROs
Then, we can look into detail on which combination of the services make sense from logical perspective. It can be assumed that the features until Rel-16 are the baseline and are likely needed to be supported possibly on all ROs (note this doesn’t necessarily mean that they will have to be configured on all ROs, but the signalling should support combination of them on all ROs). With respect to Rel-17 features, this is not yet completely clear. The following table shows some possible considerations that need to be discussed: 


	Analysis of feature combinations for Rel-17

	 
	SDT
	Redcap
	coverage ext
	slice indication

	SDT
	X
	Needed
Devices such as wearables will benefit from reduced signalling overhead/power saving for small data packets in INACTIVE
	Not needed
If the device is in coverage limited scenario, SDT is not a useful mechanism
	Needed
Some slices may benefit from SDT whilst others may not. Case by case analysis is needed and final configuration may be left to network implementation

	Redcap
	Needed
Devices such as wearables will benefit from reduced signalling overhead/power saving for small data packets in INACTIVE
	X
	Needed
REDCAP devices need coverage extension to compensate for the coverage loss due to capability reduction
	Needed
Some slices may allow REDCAP whilst others may not. Case by case analysis is needed and final configuration may be left to network implementation

	coverage ext *
	Not needed
If the device is in coverage limited scenario, SDT is not a useful mechanism
	Needed
REDCAP devices need coverage extension to compensate for the coverage loss due to capability reduction
	X
	Needed
Some slices may benefit from coverage extension whilst others may not. Case by case analysis is needed and final configuration may be left to network implementation

	slice indication
	Needed
Some slices may benefit from SDT whilst others may not. Case by case analysis is needed and final configuration may be left to network implementation
	Needed
Some slices may allow REDCAP whilst others may not. Case by case analysis is needed and final configuration may be left to network implementation
	Needed
Some slices may benefit from coverage extension whilst others may not. Case by case analysis is needed and final configuration may be left to network implementation
	X



* Note: In addition to the above, it is not necessary to support extended coverage with 2-step RACH (2-step RACH already has an RSRP threshold to ensure this, but this combination can be precluded regardless of this threshold and according to the latest status in RAN1, CE is not applicable with 2-step RACH). 
Based on the above the following proposals are made: 
Proposal 1: On a given RO, only the following combination of Rel-17 features will be supported (i.e., signalling can support these combinations in addition to the Rel-16 features)
· SDT with: REDCAP and/or Slice Indication (for some slices – up to network implementation)
· REDCAP with: Coverage extension and/or Slice Indication (for some slices – up to network implementation)
· Coverage extension with: Slice indication
Note 1: combination of SDT with coverage extension is not supported
Note 2: combination of coverage extension with 2-step RACH is also not supported
Note 3: All features may be configured with preamble group A/B
Proposal 2: RO-Mask can be defined for Rel-17 features to enable configuring a subset of ROs for a given feature

According to current specs, RACH resource configuration mainly consist of the configuration of RO and Preambles. Based on the analysis above, it can be observed separate CBRA RACH resource configuration can be provided for different feature combination. Therefore, in order to indicate for which feature the RACH resource is allowed, some kind of allowed feature list should be introduced in the RACH resource configuration, and the allowed feature indication may include following information:
· Allowed NSSAI: Indicate the NW slice which is applicable to the RACH resource
· SDT indication: Indicate whether the RACH resource is applicable to SDT.
· REDCAP indication: Indicate whether the RACH resource is applicable to REDCAP UE.
· Coverage Extension indication: Indicate whether the Msg3 repetition will be used for the RACH resource.
Proposal 3: For each RACH resource configuration (i.e. combination of RO and Preambles), allowed feature information (i.e. feature combination) can be configured to restrict the usage of the RACH resource, which may include the following information (detail need to be confirmed by each WI):
· Allowed NSSAI: Indicate the NW slice which is applicable to the RACH resource
· SDT indication: Indicate whether the RACH resource is applicable to SDT.
· REDCAP indication: Indicate whether the RACH resource is applicable to REDCAP UE.
· Coverage Extension indication: Indicate whether the Msg3 repetition will be used for the RACH resource.
3. Resource configuration
Until Rel-16, the signalling framework shown in Figure 1 is used to indicate the preamble partitions within a shared RO. For indicating the allowed combinations of the Rel-17 features, the preamble space should be obtained from the reserved preambles for each SSB (i.e., the green highlighted part in Figure 1). The allowed combinations of Rel-17 features should be configured within this preamble space and the detailed signalling framework to enable this can be further determined in RAN2. 

Proposal 4: Within a given RO, the allowed combination of Rel-17 features (see proposal 31) should be accommodated within the preamble space reserved for other purpose for each SSB.
[image: ]
[bookmark: _Ref71707213]Figure 1: Signalling framework for preamble partitioning in Rel-17

In current specs, for the configuration of RACH resource for SI request, the IE ra-PreambleStartIndex has been introduced to indicate the start position of preamble. For the Rel-17 RACH resource configuration for each feature combinations, it seems the similar approach can be reused. For the feature combination (indicated by allowed services information), the ra-PreambleStartIndex can be configured to indicate the start position of preambles within the RA preambles reserved for the corresponding SSB, ssb-perRACH-Occasion, and CB-PreamblesPerSSB can be reused to indicate the number of preamble reserved for each SSB for the corresponding feature combination. One example for signaling structure can be found as follows:

----------------------------------------------------- Example for the signaling structure start --------------------------------------------------------
RACH resource configuration structure for feature combination
· RO configuration (e.g. prach-ConfigurationIndex, msg1-FDM, msg1-FrequencyStart, etc)
· Common preamble configuration
· totalNumberOfRA-Preambles
· ssb-perRACH-Occasion
· ra-PreambleStartIndex (indicate the start position of CB preambles for the first feature combination in the list. The preambles for the second feature combination will come next)
· Configuration for feature combination
· List of PreamblePerSSBPerFeatureCombination
· FeatureCombinatino (e.g. allowedNSSAI, sdtIndication, redcapIndication, ceIndication, etc)
· RO-mask
· CB-PreamblesPerSSB
----------------------------------------------------- Example for the signaling structure end --------------------------------------------------------

Proposal 5: For Rel-17 feature combination (indicated by allowed feature list), ra-PreambleStartIndex, ssb-perRACH-Occasion and  CB-PreamblesPerSSB will be used to indicate the preambles reserved for each feature combination within the RA preambles of each SSB. The details of the signalling for this should be further worked out in RAN2 as part of the common RACH agenda item.
4. Aspects related to RACH procedure
Until Rel-16 some fallback procedures are allowed during the RACH procedure. For instance, if 2-step RA is initiated, the UE is allowed to fallback to 4-step RA procedure if the 2-step RA procedure fails a configured number of times. It should be noted that the fallbacks are necessary if the RACH resource configured for a certain feature has a lower performance compared to other RACH resources. This mainly depends on the collision probability on a given RACH resource. However, a good network implementation should generally cater for a low and predictable collision probability on RACH resources across all the features. Thus, assuming this can be guaranteed, the fallbacks from one RA resource to another are not really that critical. On the other hand, supporting fallbacks (i.e., switching between features after RACH has been initiated) comes with significant complexity in MAC layer. Thus, in order to simplify the overall design, a general design principle would be to minimise or preferably to avoid fallbacks from one RACH resource to other. Keeping this in mind, the following general principles are proposed: 
Proposal 6: The RA procedure design for Rel-17 should adhere to the following general principles: 
· Proposal 6a: Carrier selection (between NUL/SUL) should happen ahead of the initial RACH resource selection The RSRP threshold for carrier selection may be configured per each feature (decision on this is up to individual WI)
· Proposal 6b: 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 combination of current RACH procedure will be considered as available in the RACH resource selection.
· Proposal 6c: 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 
· The only exception to the above is the already allowed fallbacks until Rel-16 (i.e., fallback from CFRA to CBRA and fallback from 2-step RA to 4-step RA) and network implementation should ensure that the feature is supported on the new RA resources after such fallback

5. Logistics for CRs
Both for RRC and MAC, there will be a need for coordination across the WIs for the above features. In order to avoid the mis-alignment and to avoid substantial harmonisation work late in the release, it is proposed to have at least a common RRC CR for all the WIs for RACH partitioning. 
Then, we should also think carefully about the MAC spec. Specifically, the RACH procedure in sections 5.1.1 to 5.1.6 will have overlapping changes between the WIs for the above work. In particular, the section 5.1.1 (Random Access procedure initialization) and 5.1.1a (Initialization of variables specific to Random Access type) of MAC spec will have overlapping changes and would need significant harmonisation across these work items. Our recommendation is that we also have a common CR for all these WIs at least for the above sections in the MAC spec. 
Proposal 7: 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. 
Proposal 8: 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. Conclusions and proposals
Proposal 1: On a given RO, only the following combination of Rel-17 features will be supported (i.e., signalling can support these combinations in addition to the Rel-16 features)
· SDT with: REDCAP and/or Slice Indication (for some slices – up to network implementation)
· REDCAP with: Coverage extension and/or Slice Indication (for some slices – up to network implementation)
Note 1: combination of SDT with coverage extension is not supported
Note 2: combination of coverage extension with 2-step RACH is also not supported
Proposal 2: RO-Mask can be defined for Rel-17 features to enable configuring a subset of ROs for a given feature
Proposal 3: For each RACH resource configuration (i.e. combination of RO and Preambles), allowed feature information (i.e. feature combination) can be configured to restrict the usage of the RACH resource, which may include the following information (detail need to be confirmed by each WI):
· Allowed NSSAI: Indicate the NW slice which is applicable to the RACH resource
· SDT indication: Indicate whether the RACH resource is applicable to SDT.
· REDCAP indication: Indicate whether the RACH resource is applicable to REDCAP UE.
· Coverage Extension indication: Indicate whether the Msg3 repetition will be used for the RACH resource.

Proposal 4: Within a given RO, the allowed combination of Rel-17 features (see proposal 1) should be accommodated within the preamble space reserved for other purpose for each SSB.
Proposal 5: For Rel-17 feature combination (indicated by allowed feature list), ra-PreambleStartIndex, ssb-perRACH-Occasion and  CB-PreamblesPerSSB will be used to indicate the preambles reserved for each feature combination within the RA preambles of each SSB. The details of the signalling for this should be further worked out in RAN2 as part of the common RACH agenda item. 
One example is given as follow：
----------------------------------------------------- Example for the signaling structure start --------------------------------------------------------
RACH resource configuration structure for feature combination
· RO configuration (e.g. prach-ConfigurationIndex, msg1-FDM, msg1-FrequencyStart, etc)
· Common preamble configuration
· totalNumberOfRA-Preambles
· ssb-perRACH-Occasion
· ra-PreambleStartIndex (indicate the start position of CB preambles for the first feature combination in the list. The preambles for the second feature combination will come next)
· Configuration for feature combination
· List of PreamblePerSSBPerFeatureCombination
· FeatureCombinatino (e.g. allowedNSSAI, sdtIndication, redcapIndication, ceIndication, etc)
· RO-mask
· CB-PreamblesPerSSB
----------------------------------------------------- Example for the signaling structure end --------------------------------------------------------

Proposal 6: The RA procedure design for Rel-17 should adhere to the following general principles: 
· Proposal 6a: Carrier selection (between NUL/SUL) should happen ahead of the initial RACH resource selection The RSRP threshold for carrier selection may be configured per each feature (decision on this is up to individual WI)
· Proposal 6b: 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 combination of current RACH procedure will be considered as available in the RACH resource selection.
· Proposal 6c: 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 
· The only exception to the above is the already allowed fallbacks until Rel-16 (i.e., fallback from CFRA to CBRA and fallback from 2-step RA to 4-step RA) and network implementation should ensure that the feature is supported on the new RA resources after such fallback
Proposal 7: 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. 
Proposal 8: 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. 
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