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[bookmark: _Ref165266342]Introduction
In Rel-17, some WIs works for their own specific RACH resource partitioning, such as SDT, CovEnh, RedCap, RAN slicing, the intention on RACH partitioning of each WI is as follows:
	Rel-17 feature
	Intention of RACH partitioning

	SDT
	To request a larger Msg3 or MsgA size.

	CovEnh
	To indicate requiring coverage enhancement to request Msg3 repetition.

	Redcap
	To indicate Redcap UE to the network in advance for subsequent transmission configuration.

	RAN slicing
	To provide RA resource isolation and slice access prioritization.


As the detailed requirements of each WIs for RACH resource partitioning have not been decided yet, but limited by the RACH resource, to avoid the overuse of RACH resource and the collision of inter-WIs RACH resource configuration, we need to have a RACH common design to provide a guidance for each WIs.
In this contribution we provide our considerations on the RACH common design for above features.
Discussion
General
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]In legacy random access procedure, RACH resource refers to the time/frequency resource for RACH (i.e. RACH occasion, RO) and in each RO there are maximum 64 preamble available for transmission. The RACH partitioning can be achieved by RO partitioning (i.e. mapping different ROs to different features) or preamble partitioning in shared RO (i.e. mapping different preambles in shared RO to different features). 
[bookmark: OLE_LINK6][bookmark: OLE_LINK8]In Rel-15, RACH partitioning is applied to support the establishment of suitable beam pair by associating different SSBs with separate ROs and/or preambles. The mapping among SSB and RO can be 1:N or N:1. If a SSB is mapped to more than one RO, UE randomly selects one RO for preamble transmission. If more than one SSB shared the same RO, maximum 64 preambles within a RO are divided equally among the SSBs sharing the same RO and then are further divided for contention-based random access (CBRA) and contention-free random access (CFRA). For the CBRA preambles, they are further split into group A, and group B which is used to ask for larger Msg3 size. 
In Rel-16, 2-step RA is introduced to accelerate random access, and it also needs to apply RACH partitioning (RO partitioning or preamble partitioning while sharing RO with 4-step) so as to enable network distinguish 2-step RA from 4-step RA to simplify the decoding of MsgA. If a SSB is mapped to more than one RO, 2-step RA may shares RO with some of 4-step RA by configuring a RO mask which indicates the subset of the ROs of 4-step RA shared with 2-step RA. For a given RO, the preamble of 2-step RA can be further split into group A and group B similar to 4-step RA. Thus for a given RO, the SSB-associated CBRA preambles have been split into 4 partitions used for the feature combination of 2-step RA and group B. 
The current total number of RACH partitions for CBRA is K (the number of SSB) * 2^2 (the number of features, i.e. 2-step RA and group B).
Observation 1: In legacy mechanism, RACH partitioning is already supported for SSB, 2-step/4-step RA type and group A/B to distinguish different feature combinations RA.
In Rel-17, there are multiple new features requiring RACH partitioning, including SDT, Redcap, RAN slicing, Coverage Enhancement (CE). Without consideration of feature compatibility, the number of the RACH partitions is at least K (the number of SSB) * 2^N (the number of features) to support the distinguish of different feature combinations RA. 
However, the partitions of some features may need to be further split, which is decided by separate WI, for example, for RAN slicing, the RACH partitioning needs to be configured to different slices or slice group to provide RA resource isolation, therefore, the number of RACH partitions can not be decided yet. 
[bookmark: OLE_LINK11]Proposal 1: In Rel-17, RACH partitioning common design should be supported to distinguish the different RA of at least all possible feature combinations.
Observation 2: RACH partitions for some features(e.g. RAN slicing) may need to be further split.
Proposal 2: The total number of RACH partitions can not be decided yet, up to separate WI conclusion.
[bookmark: OLE_LINK5]To avoid overuse of limited RACH resource and extra unnecessary signalling overhead, the feature combination need to be considered in RACH common design. And for separate WI, it should be requested that the number of required RACH partitions should be as less as possible.
Proposal 3: Feature combinations need to be discussed firstly in RACH common design. 
Proposal 4: For separate WI, it should be requested that the number of its required RACH partitions should be as less as possible.
Rel-17 features combination
SDT
It can be used for any device that has intermittent small data packets in INACTIVE state to reduce signalling overhead and UE battery consuming. There are two schemes in its WID[1], one is RACH-based schemes by using MsgA or Msg3 to enable UL small data transmission that is possible larger than Rel-16 CCCH message size (actual payload size can be up to network configuration), and the other one is reusing the configured grant type 1 to transmit UL small data. 
For the combination of SDT and other feature, our considerations are as follows:
- Group B and 2-step RA: Both features should be supported in SDT according to WID.
[bookmark: OLE_LINK9][bookmark: OLE_LINK3][bookmark: OLE_LINK7]- Redcap: Redcap UE can get benefits from SDT in signalling reduction and power saving.
[bookmark: OLE_LINK10]- CE: Coverage enhancement by Msg3 repetition is helpful for SDT in limited coverage. 
- RAN slicing: Inactive slicing UE can get benefits from SDT.
In conclusion, SDT can be combination with all other features.
Redcap
For the combination of Redcap and other feature, our considerations are as follows:
- Group B and 2-step RA: To support backward compatibility, both features can be supported for Redcap UE and we have not seen there exists incompatibility scenario, Redcap UE can also require for larger Msg3 and can get fast access by 2-step RA.
- CE: According to the Redcap WID[2], CE solution shall be available to RedCap UEs. 
- RAN slicing: Redcap UE can get isolation and guaranteed network resource from slicing.
- SDT: Redcap UE can get benefits from SDT in signalling reduction and power saving.
CE
For the combination of CE and other feature, our considerations are as follows:
- 2-step RA: There is no need to support coverage enhancement in 2-step RA because 2-step RA can only happens when UE is in good coverage. And it is out the scope of WID. 
- Group B: 
For initial random access, UE can select RA preambles group B if Msg3 will be larger. If such UE is in limited coverage scenario, the solutions of CE by Msg3 repetition will be beneficial for UE.
For non-initial random access, only if the Msg3 is larger and the RSRP is above configured threshold, RA preamble group B will be selected. For CE, it can only applied when the RSRP is below a configured RSRP. Therefore, the combination of CE and group B depends on the respective RSRP threshold configured, if RSRP threshold of CE is lower than RSRP threshold of group B, they are incompatibility, otherwise, they can be incompatibility. As the RSRP threshold of CE is not decided yet, the combination of these two feature is pending, up to the conclusion of CE.
- SDT: Coverage enhancement by Msg3 repetition is helpful for SDT in limited coverage scenario.
- Redcap: According to the Redcap WID, CE solution shall be available to RedCap UEs by default. 
- RAN slicing: Slicing UE can get benefits from CE in limited coverage scenario.
RAN slicing
All services or devices can get benefits from slicing to get isolation network resource meeting their specific requirements. And as we analyze above, RAN slicing can be combination with all Rel-17 features. 
- 2-step RA: It has been agreed to support in RAN slicing to get fast access[4]. 
- Group B: It may needs to request larger Msg3 in the random access procedure of some slices. 
Thus, for feature combination, we have following proposal:
Proposal 5: For feature combination, following table can be considered as starting point for further discussion. In Rel-17, all feature combinations can be supported for RACH partitioning except:
-Combination of CE with 2-step RA is not supported.
-Combination of CE with Group B is pending, up to CE conclusion on RSRP threshold.
	Feature
	SDT
	Redcap
	CE
	RAN slicing
	Group B
	2-step RA

	SDT
	N/A
	√
	√
	√
	√
	√

	Redcap
	√
	N/A
	√
	√
	√
	√

	CE
	√
	√
	N/A
	√
	Pending
	×

	RAN slicing
	√
	√
	√
	N/A
	√
	√


Conclusions
During the discussion above, we have the following observations and proposals:
Observation 1: In legacy mechanism, RACH partitioning is already supported for SSB, 2-step/4-step RA type and group A/B to distinguish different feature combinations RA.
Proposal 1: In Rel-17, RACH partitioning common design should be supported to distinguish the different RA of at least all possible feature combinations.
Observation 2: RACH partitions for some features(e.g. RAN slicing) may need to be further split.
Proposal 2: The total number of RACH partitions can not be decided yet, up to separate WI conclusion.
Proposal 3: Feature combination need to be discussed firstly in RACH common design. 
Proposal 4: For separate WI, it should be requested that the number of its required RACH partitions should be as less as possible.
Proposal 5: For feature combination, following table can be considered as starting point for further discussion. In Rel-17, all feature combinations can be supported for RACH partitioning except:
-Combination of CE with 2-step RA is not supported.
-Combination of CE with Group B is pending, up to CE conclusion on RSRP threshold.
	Feature
	SDT
	Redcap
	CE
	RAN slicing
	Group B
	2-step RA

	SDT
	N/A
	√
	√
	√
	√
	√

	Redcap
	√
	N/A
	√
	√
	√
	√

	CE
	√
	√
	N/A
	√
	Pending
	×

	RAN slicing
	√
	√
	√
	N/A
	√
	√
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