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1 Introduction
In this contribution, based on the achieved agreements (listed in the Annex) regarding RACH aspects for Rel-17 RAN slicing, reduced capability (RedCap), small data transmission (SDT), and coverage enhancement (CovEnh) WIs in previous meetings, we would like to provide our considerations on RACH partitioning design for those four mentioned Rel-17 WIs, in terms of use cases, RACH configuration, and RA procedure.
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
2.1 Use cases with RACH partitioning for Rel-17 WIs
Firstly, we would like to have a look at the already specified use cases that require RACH partitioning (e.g. preamble partitioning or separate RO configuration). 
In Rel-15, basically, RACH partitioning (i.e. preamble partitioning) can be used for the distinguishment between preamble Group A/B, contention-based/contention-free preamble, and beam direction associated with a given SSB. An example of Rel-15 NR RACH partitioning for a shared RO is shown in the following figure,


Figure 1: Preamble partitioning in Rel-15 NR
Besides, in Rel-15, for CONNECTED UE, another manner of RACH partitioning (i.e. separate RO configuration) can be configured for handover and BFR with contention-free RACH resources. Furthermore, preamble partitioning is also configured to identify a beam direction associated with a given SSB/CSI-RS.
In Rel-16, RACH partitioning (including preamble partitioning and separate RO configuration) is additionally used for the differentiation of 4-step RA and 2-step RA. An example of Rel-16 NR RACH partitioning for a shared RO is shown in the following figure,


Figure 2: Preamble partitioning in Rel-16 NR with 2-step RA
Also, similarly to Rel-15, for CONNECTED UE, separate RO configuration can be configured for handover with contention-free 2-step RACH resources. Furthermore, preamble partitioning is configured to identify a beam direction associated with a given SSB.
Based on the above, we can know that Rel-16 2-step RACH can co-exist with Rel-15 4-step RACH since the former one is used for access latency reduction and the latter one is used for reliable radio access. And they can be differentiated by the network via RACH partitioning. 
Next, following the design logic for 2-step RACH, it is worthy for us to consider whether and how to make RAN slicing, RedCap, SDT, and CovEnh these four WIs co-exist in perfect harmony. Our view is summarized in the following table, 
[bookmark: _Ref70945928]Table 1. Rel-17 WIs combination
	Rel-17 WIs
combination
	Use cases
	Further potential combinations with existing RACH partitioning manner

	RAN slicing + RedCap
	A RedCap UE can be granted with slice-specific RedCap RACH resources for better access performance. 
	1. Group A/B 
2. SSB association
3. 4-step RA/2-step RA

	RAN slicing + SDT
	A UE triggering SDT can be granted with slice-specific SDT RACH resources.
	1. Group A/B 
2. SSB association
3. 4-step RA/2-step RA

	RAN slicing + CovEnh
	A UE supporting CovEnh can be granted with slice-specific CovEnh RACH resources.
	1. Group A/B (further identify coverage requirement due to different payload size)
2. SSB association
Note: 2-step RACH is not considered for CovEnh according to the RAN1 agreement.

	RedCap +
SDT
	A Redcap UE might further support SDT for power saving. The network can grant this kind of UE with RedCap&SDT-specific RACH resources.
	1. Group A/B 
2. SSB association
3. 4-step RA/2-step RA

	RedCap +
CovEnh
	A Redcap UE might further support CovEnh for access reliability. The network can grant this kind of UE with RedCap&CovEnh-specific RACH resources.
	1. Group A/B 
2. SSB association

	SDT +
CovEnh
	An SDT UE might be located in a not bad coverage range. It might be possible to enable CovEnh for this SDT UE for transmission reliability. In this sense, The network can grant this kind of UE with SDT&CovEnh-specific RACH resources.
	1. Group A/B 
2. SSB association

	RAN slicing + RedCap +
SDT
	The network can grant this kind of UE with slice-specific RedCap&SDT RACH resources.
	1. Group A/B 
2. SSB association
3. 4-step RA/2-step RA

	RAN slicing + RedCap +
CovEnh
	The network can grant this kind of UE with slice-specific RedCap&CovEnh RACH resources.
	1. Group A/B 
2. SSB association

	RAN slicing + SDT +
CovEnh
	The network can grant this kind of UE with slice-specific SDT&CovEnh RACH resources.
	1. Group A/B 
2. SSB association

	RedCap + SDT +
CovEnh
	A RedCap&SDT UE might be located in a not bad coverage range. It might be possible to enable CovEnh for this UE for transmission reliability. In this sense, The network can grant this kind of UE with Redcap&SDT&CovEnh-specific RACH resources.
	1. Group A/B 
2. SSB association

	RAN slicing + RedCap +
SDT+
CovEnh
	Similarly to above, the network can grant this kind of UE with slice-specific RedCap&SDT&CovEnh RACH resources.
	1. Group A/B 
2. SSB association


Based on the above, from the UE access point of view, we think all the potential cross WIs combinations can be supported. Then, we have to evaluate whether it is feasible to support those combinations if only the preamble partitioning manner is used, considering that it is not sure whether separate RO configuration can be supported for RedCap/CovEnh WIs. 
Let’s take the RAN slicing + RedCap + SDT+ CovEnh combination with Group A/B as an example (assuming only 1 SSB is transmitted, which is a typical deployment in the current 5G commercial network). The detailed preamble partitioning associated with SSB1 can be implemented within 64 preambles, as the following Table 2. For the legacy UE, both Rel-15 4-step RACH and Rel-16 2-step RACH with Preamble Group A/B are supported, the UE can choose either type based on DL pathloss reference and capability. For Rel-17 UE with slice access indication, it can use the slice-specific RACH resources or fallback to common RACH resources. Similarly, the other kind of UEs can select a preamble based on the intention of the RA procedure. For example, a UE, supporting RAN slice group 1, RedCap type, SDT, and CovEnh, can use Preamble#25/#26 when the conditions of triggering SDT and requesting MSg3 repetition are fulfilled. 
Table 2. Preamble partitioning in Rel-17 NR
	Preamble Index
	DL beam
	Preamble usage

	1
	SSB 1
	R15 4stepRA Group A
	　
	
	
	

	2
	
	R15 4stepRA Group A
	
	
	
	

	3
	
	R15 4stepRA Group A
	
	
	
	

	4
	
	R15 4stepRA Group B
	
	
	
	

	5
	
	R16 2stepRA Group A
	
	
	
	

	6
	
	R16 2stepRA Group A
	
	
	
	

	7
	
	R16 2stepRA Group A
	
	
	
	

	8
	
	R16 2stepRA Group B
	
	
	
	

	9
	
	R17 Slice 1
	4stepRA Group A
	
	
	

	10
	
	
	4stepRA Group A
	
	
	

	11
	
	
	4stepRA Group A
	
	
	

	12
	
	
	4stepRA Group B
	
	
	

	13
	
	
	2stepRA Group A
	
	
	

	14
	
	
	2stepRA Group A
	
	
	

	15
	
	
	2stepRA Group A
	
	
	

	16
	
	
	2stepRA Group B
	
	
	

	17
	
	
	RedCap
	4stepRA Group A
	
	

	18
	
	
	
	4stepRA Group B
	
	

	19
	
	
	
	2stepRA Group A
	
	

	20
	
	
	
	2stepRA Group B
	
	

	21
	
	
	
	SDT
	4stepRA Group A
	

	22
	
	
	
	
	4stepRA Group B
	

	23
	
	
	
	
	2stepRA Group A
	

	24
	
	
	
	
	2stepRA Group B
	

	25
	
	
	
	
	CovEnh
	4stepRA Group A

	26
	
	
	
	
	
	4stepRA Group B

	27
	
	
	
	CovEnh
	4stepRA Group A
	

	28
	
	
	
	
	4stepRA Group B
	

	29
	
	
	SDT
	4stepRA Group A
	
	

	30
	
	
	
	4stepRA Group B
	
	

	31
	
	
	
	2stepRA Group A
	
	

	32
	
	
	
	2stepRA Group B
	
	

	33
	
	
	
	CovEnh
	4stepRA Group A
	

	34
	
	
	
	
	4stepRA Group B
	

	35
	
	
	CovEnh
	4stepRA Group A
	
	

	36
	
	
	
	4stepRA Group B
	
	

	37
	
	RedCap
	4stepRA Group A
	
	
	

	38
	
	
	4stepRA Group B
	
	
	

	39
	
	
	2stepRA Group A
	
	
	

	40
	
	
	2stepRA Group B
	
	
	

	41
	
	
	SDT
	4stepRA Group A
	
	

	42
	
	
	
	4stepRA Group B
	
	

	43
	
	
	
	2stepRA Group A
	
	

	44
	
	
	
	2stepRA Group B
	
	

	45
	
	
	
	CovEnh
	4stepRA Group A
	

	46
	
	
	
	
	4stepRA Group B
	

	47
	
	SDT
	4stepRA Group A
	
	
	

	48
	
	
	4stepRA Group B
	
	
	

	49
	
	
	2stepRA Group A
	
	
	

	50
	
	
	2stepRA Group B
	
	
	

	51
	
	
	CovEnh
	4stepRA Group A
	
	

	52
	
	
	
	4stepRA Group B
	
	

	53
	
	CovEnh
	4stepRA Group A
	
	
	

	54
	
	
	4stepRA Group B
	
	
	

	55
	
	non CBRA preamble
	
	
	
	

	56
	
	
	
	
	
	

	57
	
	
	
	
	
	

	58
	
	
	
	
	
	

	59
	
	
	
	
	
	

	60
	
	
	
	
	
	

	61
	
	
	
	
	
	

	62
	
	
	
	
	
	

	63
	
	
	
	
	
	

	64
	
	
	
	
	
	



[bookmark: _GoBack]Based on the above analysis, we think it is feasible and in need to simultaneously support all 11 mentioned use cases only via preamble partitioning in Rel-17, in terms of preamble space and service requirements. Therefore, we have the following proposal, 
Proposal 1: In Rel-17 NR, arbitrary combinations among RAN slicing, SDT, RedCap, and CovEnh features can be supported from the preamble partitioning perspective. 
2.2 Common RACH configuration for cross WIs
In this section, based on the guideline of the agenda for RAN2#115-e meeting [1], we would like to focus on the common RACH 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:
Parameters (including prach-ConfigurationIndex, msg1-FDM, and msg1-FrequencyStart) for RO configuration;
ssb-perRACH-Occasion for the association between RO and SSB; 
Parameters (including msg1-SubcarrierSpacing, restrictedSetConfig, prach-RootSequenceIndex, zeroCorrelationZoneConfig) for Preamble sequence generation. 
Parameters (including 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. Furthermore, to facilitate the common configuration for multiple Rel-17 features, we think a new common IE (e.g. RACH-ConfigCommonExt) should be introduced to specify the cell-specific random-access parameters for all these four Rel-17 features.
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.
Proposal 4: A new IE is introduced to commonly configure random-access parameters for Rel-17 WIs.
2.3 Common RA procedure for cross WIs
After briefly glancing at the common RACH configuration issue, it seems a spontaneous process to further investigate the RA procedure for cross WIs. In Rel-16 NR, similarly to Rel-15 NR, carrier selection is the first step after RACH parameters initialization. Then it comes to BWP operation and subsequently to RA type selection between 2-step RA and 4-step RA. After that, the UE will select an SSB/preamble/RO associated with the RACH resource associated with the selected RA type. An illustration of the Rel-16 RA resource selection is shown in Figure 3. Moreover, if 2-step RA type is selected, the UE may fall back to 4-step RA type and re-select the corresponding RACH resource. 


Figure 3: RA resource selection in Rel-16 NR
Making reference to the RA procedure specified 2-setp RACH, and the achieved agreements for SDT and RAN slicing (e.g. UL carrier selection is performed before the selection of SDT, UE first selects between slice-specific and common RACH then selects between 2-step and 4-step), we think a common RA procedure can be design for all Rel-17 WIs, which helps to avoid amounts of redundant/repeated texts or sub-clauses in the MAC spec. For example, the principle that carrier selection should be performed prior to feature selection can be adopted for all features. Besides, the RA type selection should be performed after a given Rel-17 feature (except CovEnh, which is mutually exclusive with 2-step RA) or feature combination is initiated. Last but not least, if the fallback mechanism is supported for a given Rel-17 feature (e.g. SDT and RAN slicing), we think this feature specific fallback mechanism should be also supported when it is combined with the other Rel-17 features (e.g. A RepCap UE can fallback from SDT to non-SDT). A illustration of the common RA resource selection in Rel-17 is given in the following picture. 


Figure 4: Common RA resource selection in Rel-17 NR
Based on the above, we have the following proposals,
Proposal 5: RAN2 to consider a common RA procedure for the Rel-17 features.
Proposal 6: UL carrier selection is performed before triggering the Rel-17 features.
Proposal 7: RA type selection is performed after Rel-17 features (except CovEnh) are initiated.
Proposal 8: RAN slicing or SDT specific fallback mechanism can be supported when it is combined with other Rel-17features.
3 Conclusion
The contribution is summarized as follows,
Proposal 1: In Rel-17 NR, arbitrary combinations among RAN slicing, SDT, RedCap, and CovEnh features can be supported from the preamble partitioning perspective.
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.
Proposal 4: A new IE is introduced to commonly configure random-access parameters for Rel-17 WIs.
Proposal 5: RAN2 to consider a common RA procedure for the Rel-17 features.
Proposal 6: UL carrier selection is performed before triggering the Rel-17 features.
Proposal 7: RA type selection is performed after Rel-17 features (except CovEnh) are initiated.
Proposal 8: RAN slicing or SDT specific fallback mechanism can be supported when it is combined with other Rel-17features.
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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.

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.

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).
· FFS the possibility of supporting Msg3 for the early indication.

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).
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