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1. Introduction
In Rel-17 several features (i.e. SDT, CovEnh, RedCap and RAN slicing) saw the need of RACH partitioning to enable early identification of the feature. Each of the concerned WIs made some progress and the relevant agreements are collected in an Annex in Section 4 of this document. In this contribution we discuss the aspects of RACH partitioning and related configuration common for all the impacted WIs.
2. Discussion
2.1	Existing RACH configuration summary
4-step CBRA resources (i.e. both RO and preambles) are configured in RACH-ConfigCommon IE in SIB1 while 2-step CBRA resources are configured in RACH-ConfigCommonTwoStepRA IE in SIB1. RACH resources are shared between 2-step RA and 4-step RA either by using separate ROs or separate preambles in shared ROs. If separate RO parameters are included in RACH-ConfigGenericTwoStepRA (e.g. msgA-PRACH-ConfigurationIndex, msgA-RO-FDM-r16 and msgA-RO-FrequencyStart), new ROs for 2-step RA are assigned, different from the ones used for 4-step RA. If separate RO parameters are not configured, ROs for 2-step RA are shared with 4-step RA. In order to reduce impact to 4-step RA, network can indicate a subset of ROs provided for sharing with 4-step RA using msgA-SSB-SharedRO-MaskIndex parameter. If msgA-SSB-SharedRO-MaskIndex is absent, all ROs are shared.
Observation 1: In the current specifications, RACH partitioning is used to support both 2-step RA and 4-step RA types. 
Apart from RACH partitioning for 2-step and 4-step RA, RACH partitioning is also required due to multi-beam cell operation since Rel-15 of NR. For a cell with multiple DL beams, RACH resources distribution among different SSBs enables early identification of the good DL beam. This is applicable two both 2-step RA and 4-step RA and the exact configuration depends on whether ROs are shared between RA types or not. In case separate ROs are used, RACH resources to SSB mapping is separately configured for 2-step RA and 4-step RA by SSB-PerRACH-OccasionAndCB-PreamblesPerSSB and msgA-SSB-PerRACH-OccasionAndCB-PreamblesPerSSB respectively. For shared ROs, the RO to SSB mapping is common for 2-step RA and 4-step RA (i.e. both use SSB-PerRACH-Occasion provided in RACH-ConfigCommon) while preambles to SSBs mapping is indicated separately (i.e. there is a dedicated CB-PreamblesPerSSB parameter provided in both RACH-ConfigCommon and RACH-ConfigCommonTwoStepRA).
Observation 2: In the current specifications, RACH resources are partitioned by mapping different ROs and preambles to different SSBs. 
Furthermore, in order to allow the network to know the potential MSG3 or MSGA size, preambles can be additionally divided into two groups. The UE selects group A if data size is smaller than the threshold, and otherwise the UE selects group B.
Observation 3: RACH resources are further partitioned when group A and group B preambles are configured in the cell.
As mentioned in the Introduction section, several features being developed in Rel-17 aim to utilize RACH partitioning mechanism for early feature indication. As can be seen from the agreements provided in the Annex in Section 4 of this document and summarized in the table below, the discussions so far mainly focused on distinguishing Rel-17 feature specific RA attempt from legacy RA attempt. 
	Agreements summary

	SDT
	RedCap
	CovEnh
	RAN slicing

	· Separate RO + preamble combination is used to distinguish between SDT and non-SDT 
· Use of common RACH resources will not be precluded if possible via implementation
· Both 2-step RA and 4-step RA was agreed for SDT access
	· Early indication at least in Msg1
· FFS details e.g. separate initial UL BWP, separate PRACH resource, PRACH preamble partitioning
· FFS whether 2-step RA is supported

	· Separate preamble with shared RO between CovEnh UE and legacy UEs was agreed.
· Only 4-step RA is supported
· FFS for separate RO

	· For a slice group, separate RO and/or separate preamble can be configured.
· Both 2-step RA and 4-step RA was agreed




It has not been considered so far in WI-specific discussion that there are also other features requiring RACH partitioning, while this leads to several points that need to be considered:
1. How to design RACH configuration in a way that addresses the needs of each of the features.
2. How to design RACH configuration in a way that allows the UEs to utilize a combination of different Rel-17 features. 
3. How to minimize the impact of different features on RACH partitioning, keeping in mind that RACH resources are scarce.
2.2 Feature combinations
As mentioned above, different features are currently being developed separately, but eventually it is expected that at least some of them will be combined, i.e. implemented together in the devices and networks. Therefore, it is necessary to discuss what feature combinations should be supported by RACH configuration in Rel-17 not to limit the deployment/implementation flexibility. The table below summarizes all the potential feature combinations together with our view for each of them.
	  Feature combinations for Rel-17

	SDT
	RedCap
	CovEnh.
	RAN slicing
	

	
	
	
	(SDT + RedCap)
RRC Inactive can also be configured for RedCap UE and SDT is beneficial for RedCap UE with small data as well.

	
	
	
	(RedCap + CovEnh)
Redcap UE in limited coverage benefits from CovEnh.

	
	
	
	(CovEnh + Slicing)
Some slices benefit from CovEnh when UE is in limited coverage.

	
	
	
	
	(SDT + Slicing)
Some slices benefit from SDT, e.g. with per slice SDT-RACH configuration.

	
	
	
	
	(SDT + CovEnh)
UEs in bad conditions may also send small data using msg3 repetition. The use case has been confirmed in LTE where EDT with repetition has been introduced in LTE.

	
	
	
	
	(RedCap + Slicing)
Redcap UEs can be assigned to specific slices.

	
	
	(SDT + RedCap + CovEnh)
SDT benefits for RedCap UEs in limited coverage as well as normal UE.

	
	
	
	(SDT + RedCap + Slicing)
SDT is beneficial for RedCap UEs with specific slices as well.

	
	
	
	(SDT + CovEnh + Slicing)
UEs utilizing coverage enhancement may be configured with specific slices as well.

	
	
	(RedCap + CovEnh + Slicing)
RedCap UE in limited coverage can be configured with some specific slices.

	
	(SDT + RedCap + CovEnh + Slicing)
SDT benefits for RedCap UEs in limited coverage configured with some specific slices.



Based on the above analysis, it can be seen that all the combinations are somehow justified. The applied combination will eventually depend on the network deployment and requirements of a specific use case and implementation. What is more, there can be additional features introduced in future releases that may benefit from being combined with Rel-17 features. Therefore, we believe it is beneficial to design RACH configuration in a way which is universal and does not restrict any features from being combined. This does not automatically mean that all the above combinations will be supported by RAN2 in Rel-17. There may be some additional impacts on specifications stemming from a certain combination which should be analysed by RAN2 case by case. This is however out of scope of the discussion on RACH partitioning issue. Based on this we propose:
Proposal 1: RACH configuration design should allow to combine all Rel-17 features utilizing RACH partitioning. (NOTE: This proposal is made solely from the perspective of RACH configuration design, it does not intend to propose that all these combinations are supported by RAN2 in Rel-17, which may have additional specifications impact and would have to be analysed by RAN2 separately).
Proposal 2: RACH configuration design should consider additional combinations may be required for features introduced in future releases.
In the subsequent sub-sections we discuss how RACH can be configured considering various combinations of the features.
2.3 RACH configuration with separate ROs
Currently RA resources can be provided in both RACH-ConfigCommon IE and RACH-ConfigCommonTwoStepRA IE to allow for using separate ROs for 4-step RA and for 2-step RA. Considering that each feature or feature combination which takes advantage of RACH partitioning will also consume additional RA resources for mapping to RA type, SSB and potentially preamble group, we think it is impossible to just reuse existing RACH configuration for 4-step RA and 2-step RA.
Observation 4: RACH resources within existing RA configurations may not be sufficient to support Rel-17 feature and feature combinations taking advantage of RACH partitioning. 
Hence, it is necessary to allow a possibility of configuring additional RACH configurations, i.e. having ROs separate from legacy ROs (i.e. with dedicated prach-ConfigurationIndex, ro-FDM, ro-FrequencyStart and/or msgA-PRACH-ConfigurationIndex, msgA-RO-FDM-r16, msgA-RO-FrequencyStart) for some feature or feature combinations, as shown in Figure 1. Since there is a maximum of 64 preambles available per RO, a single additional configuration may not always be sufficient, considering the number of the features using indications via RACH in Rel-17 and potentially in future releases. Therefore, there should be a possibility to configure one or more such RACH configurations. 
Proposal 3: It should be possible to configure one or more separate RA configuration(s) for Rel-17 features and feature combinations for both 4-step RA and 2-step RA.
Whether the particular separate RO configuration is dedicated to a single feature or to a feature combination will depend on how many features or feature combinations are supported in the deployed cell and how many access attempts are expected for a specific feature or feature combination. If the cell supports many features or feature combinations for which RACH partitioning is required, there could be two options to provide ROs for them:
1. Configure a separate RO set (i.e. separate RACH configuration) for each feature or feature combination (see RO set 2 in Figure 1)
2. Allow for RO configuration to be shared for multiple features or feature combinations by using a mask index indicating a subset of ROs within the RO set which is applicable to a specific feature or feature combination (see RO set 3 or RO set 4 in Figure 1). 
Firs approach probably is able to provide more flexibility and would be slightly simpler from configuration perspective. On the other hand, it would increase a configuration overhead leading to a larger SIB1 and would increase the RNTI collision issue (which is discussed separately in Section 2.5). For these reasons, we have a preference towards the second approach.
Proposal 4: Each RACH configuration can be shared by multiple features. A specific subset of ROs can be configured to a specific feature or a feature combination using a separate RO mask index value.
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Figure 1: an example of separate RO for Rel-17 features
2.4 RACH configuration with shared ROs 
Considering many features and feature combinations are expected to utilize early indication via RACH, it cannot be expected that a separate (sub)set of ROs can always be dedicatedly assigned to each of them. Therefore, sharing ROs while using separate preambles to distinguish several features seems like a necessary solution to reduce the overhead of PRACH resources. In general, sharing of ROs can be realized in several different ways, which are discussed below. 
2.4.1 RO sharing between Rel-17 features/feature combinations and legacy 4-step RA and/or 2-step 
As mentioned above, the ROs for 2-step RACH can either be shared with 4-step RACH or be configured separately from 4-step RACH. For each type of RACH, the preambles can be further partitioned by SSBs and preamble groups (groupA and groupB).
· When 4-step RACH and 2-step RACH have separated ROs  
In this case, the Rel-17 feature or feature combination can use the RA resources indicated in RACH-ConfigCommon IE, RACH-ConfigCommonTwoStepRA IE, or both. When Rel-17 feature or feature combination would be sharing RA resources with 4-step RACH or 2-step RACH, preamble partitioning will have to be used to distinguish access type. Since both 2-step RA and 4-step RA are applicable to SDT, RAN slicing and RedCap, sharing with both legacy 4-step RA and 2-step RA should be considered. The principle is presented in Figure 2 and Figure 3.
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Figure 2:	RO sharing between legacy 4-step RA and 4-step RA for Rel-17 feature or feature combination with preamble partitioning 
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Figure 3: RO sharing between legacy 2-step RA and 2-step RA for Rel-17 feature or feature combination with preamble partitioning 

· When 4-step RACH and 2-step RACH share ROs
When sharing the same RO, 4-step RACH and 2-step RACH access attempts utilize separate CB preambles. Based on the existing preamble partitioning, Rel-17 feature or feature combination can use the same RO resource by further partitioning the preamble space, e.g. as shown in Figure 4.
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Figure 4: RO sharing between legacy 2/4-step RA and 4-step RA for Rel-17 feature and feature combination with preamble partitioning 
In order to utilize the resources efficiently and account for varying requirements of different deployments, we think all the above RO sharing cases should be supported.
Proposal 5: ROs of legacy 4-step and/or 2-step RA can be shared with 2-step RA and/or 4-step RA of Rel-17 feature or feature combination (e.g. 2-step RA for Rel-17 feature + 2-step RA for Rel-16, 4-step RA for Rel-17 feature + 4-step RA for Rel-15/16, 4-step RA for Rel-15/16 + 2-step RA for Rel-17 feature). Each access type / feature / feature combination is assigned a dedicated set of preambles. 
Similarly as in the case of RO sharing between 2-step RACH and 4-step RACH, an RO mask index can be used to indicate ROs shared between legacy RACH and RACH of Rel-17 feature or feature combination. 
Proposal 6: RO mask index can be used to indicate a subset of legacy ROs which are shared with Rel-17 feature(s) or feature combination(s).
2.4.2 RO sharing between Rel-17 features or feature combinations
As RACH-ConfigCommon IE or RACH-ConfigCommonTwoStepRA IE may not able to provide sufficient resources for all features or feature combinations, it would be beneficial to introduce additional common PRACH resources using a separate RA configuration for one or more Rel-17 features or feature combinations, as proposed in section 2.3. Sharing ROs configured with this separate RA configuration would also allow to reduce the overhead of PRACH resources. 
Proposal 7: RO can be shared between Rel-17 features or feature combinations (e.g. 2-step RA for feature 1 + 2-step RA for feature 2, 2-step RA for feature 1 + 4-step RA for feature 2, 4-step RA for feature 1 + 2-step RA for feature 2, 4-step RA for feature 1 + 4-step RA for feature 2). Each access type / feature / feature combination is assigned a dedicated set of preambles.
Similarly as in the case of RO sharing between Rel-17 features and legacy RACH, RO mask index can be used for this purpose.
Proposal 8: RO mask index can be used to indicate a subset of ROs which are shared between different Rel-17 features or feature combinations.
2.5 Other issues
· Preamble groups
As mentioned in section 2.1, in order to allow the network to know the potential MSG3 or MSGA size, preambles can be additionally divided into two groups. We think the same benefit holds for Rel-17 features and features combinations 
Proposal 9: Two preamble groups are supported for all Rel-17 feature and feature combination.
· RA-RNTI/MSGB-RNTI collision
In the case separate ROs are used by the UE to indicate to gNB the purpose of each feature or feature combination, the time domain and frequency domain resources, namely ROs contained in the system information are indicated to UE through parameters “prach-ConfigurationIndex”, “msg1-FDM” and “msg1-FrequencyStart” (and equivalent parameters for 2-step RACH). The UE calculates its RA-RNTI/MSGB-RNTI based on the RO related parameters. The RA-RNTI and MSGB-RNTI are calculated based on the following formulafrom TS 38.321, where s_id (first OFDM symbol index) and t_id (first slot index) are related to the parameter “prach-ConfigurationIndex” and f_id is related to the parameter “msg1-FDM”.
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
MSGB-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2
It may happen that for two UEs which are using two different ROs, one for legacy RA in R15/R16 and another for R17 feature, the RA-RNTI/MSGB-RNTI of these two UEs may be the same if the calculated starting symbol index, slot index and frequency offset are the same. Under this circumstance, if the network replies with RAR/MSGB to both UEs when they use the same preamble, the UEs’ behavior can be unexpected, e.g. the UEs may both reply to the same RAR/fallbackRAR or they may not transmit any msg3 after receiving two different RARs/fallbackRARs for their preamble etc. This may lead to additional RA latency for legacy UEs, which would be unacceptable, e.g. for URLLC services.
In RAN2 #114 e-meeting, in the RAN Slicing WI discussion it was agreed “the RA-RNTI collision between slice specific RACH and legacy RACH may happen in separate RO” and that “this (the RA-RNTI collision) can be left to network implementation to resolve it (e.g. network configure RO in different time)”. 
This issue may indeed seem irrelevant when looking from a single feature perspective. However, it should be noted the collision probability will increase after introducing all R17 features using indication via RACH. For example, there can be different ROs assigned to distinguish SDT UE, non-SDT UE, redcap UE, non-redcap UE, coverage enhanced UE, non-coverage enhanced UE, several slice groups, potentially together with RA type for each feature. In this case, it will be very hard, if not impossible, to resolve such this issue by network implementation. Therefore, we believe the RNTI-collision issue should rather be addressed in the standard and think RAN2 should discuss how to solve the issue.
Proposal 10: RAN2 should discuss how to avoid the RA-RNTI/MSGB-RNTI collision when separate ROs are used for R17 features and feature combinations.
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Observation 1: In the current specifications, RACH partitioning is used to support both 2-step RA and 4-step RA types. 
Observation 2: In the current specifications, RACH resources are partitioned by mapping different ROs and preambles to different SSBs. 
Observation 3: RACH resources are further partitioned when group A and group B preambles are configured in the cell.
Observation 4: RACH resources within existing RA configurations may not be sufficient to support Rel-17 feature and feature combinations taking advantage of RACH partitioning. 
Proposal 1: RACH configuration design should allow to combine all Rel-17 features utilizing RACH partitioning. (NOTE: This proposal is made solely from the perspective of RACH configuration design, it does not intend to propose that all these combinations are supported by RAN2 in Rel-17, which may have additional specifications impact and would have to be analysed by RAN2 separately).
Proposal 2: RACH configuration design should consider additional combinations may be required for features introduced in future releases.
Proposal 3: It should be possible to configure one or more separate RA configuration(s) for Rel-17 features and feature combinations for both 4-step RA and 2-step RA.
Proposal 4: Each RACH configuration can be shared by multiple features. A specific subset of ROs can be configured to a specific feature or a feature combination using a separate RO mask index value.
Proposal 5: ROs of legacy 4-step and/or 2-step RA can be shared with 2-step RA and/or 4-step RA of Rel-17 feature or feature combination (e.g. 2-step RA for Rel-17 feature + 2-step RA for Rel-16, 4-step RA for Rel-17 feature + 4-step RA for Rel-15/16, 4-step RA for Rel-15/16 + 2-step RA for Rel-17 feature). Each access type / feature / feature combination is assigned a dedicated set of preambles. 
Proposal 6: RO mask index can be used to indicate a subset of legacy ROs which are shared with Rel-17 feature(s) or feature combination(s).
Proposal 7: RO can be shared between Rel-17 features or feature combinations (e.g. 2-step RA for feature 1 + 2-step RA for feature 2, 2-step RA for feature 1 + 4-step RA for feature 2, 4-step RA for feature 1 + 2-step RA for feature 2, 4-step RA for feature 1 + 4-step RA for feature 2). Each access type / feature / feature combination is assigned a dedicated set of preambles.
Proposal 8: RO mask index can be used to indicate a subset of ROs which are shared between different Rel-17 features or feature combinations.
Proposal 9: Two preamble groups are supported for all Rel-17 feature and feature combination.
Proposal 10: RAN2 should discuss how to avoid the RA-RNTI/MSGB-RNTI collision when separate ROs are used for R17 features and feature combinations.
4. Annex
SDT
	· RAN2#111-e
1. The 2-step RACH or 4-step RACH should be applied to RACH based uplink small data transmission in RRC_INACTIVE.

· RAN2#112-e
1. As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
a)   If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
b)   If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed
1. If the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT then there is no further need for any differentiation between MSG2/MSGB for SDT vs non-SDT
· RAN2#113-e
1. For RA-SDT, up to two preamble groups (corresponding to two different payload sizes for MSGA/MSG3) may be configured by the network
1. 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
· RAN2#114-e
1. CFRA is not supported for RA-SDT



Slice 
	· RAN2 113bis-e:
Agreements:
1   RAN2 aims to support both RO partition and preambles partition.
2   scalingFactorBI and powerRampingStepHighPriority can be configured at least in SIB (FFS for dedicated RRC signalling).
3   Network can configure slices with 4-step or 2-step (or both) RA resources.
4   Legacy 2-step RA fallback mechanism is supported.
· RAN2 114-e:
Agreements:
· 4: RAN2 confirm for a slice group, separated RO and/or separate preamble can be configured within the existing RACH- ConfigCommon and RACH-ConfigCommonTwoStepRA
· 5: 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 
· 6: 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.




Coverage enh
	RAN1 105e meeting (May):
Agreement:
· 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 include
· 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.




Redcap
	· 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
· FFS How to support enable/disable the early indication
· FFS details e.g.:
· separate initial UL BWP
· separate PRACH resource
· PRACH preamble partitioning
· FFS the possibility of supporting Msg3 for the early indication



6
image1.png
RO set 1 (leg: RO

201 ;
(R 1515 U i 20) W
70 e
(DT Covon A
)

ROs

ubset 1
(D)

RO set2 RO subs
(RedCap or combination X ) (RAN slicing

RO subs
(RAN slic





image2.png
4-step RACH CB 4-step RACH CB

4-step RACH CB 4-step RACH CB
preambles for Rel-15/16 preambles for Rel-17

preambles for Rel-15/16 preambles for Rel-17

groupA groupB groupA groupB | CFRA | groupA groupB SrOupA groupB |CFRA| Other

- - ] L
- - - - - -
- - - - - -
- - -
-
bl - - - -
- - - - - -
- -
- - - - -
- - - - - - -
- . - - - - - -
- -
- - - -
- - - -
- - -~ -
- - L] - -
- - - - , -





image3.png
2-step RACH CB 2-step RACH CB 2-step RACH CB 2-step RACH CB
preambles for Rel-16 preambles for Rel-17 preambles for Rel-16 preambles for Rel-17

groupA groupB groupA groupB | CFRA | groupA groupB groupA groupB | CFRA Other





image4.png
4-step RACH CB
preambles for
Rel-15/16 - )

2-step RACH CB
preambles for
Rel-16

4-step RACH CB

preambles for
- Rel-17

2-step RACH CB

preambles for
Rel-17

4-step RACH CB

preambles for
Rel-15/16 - )

2-step RACH CB

preambles for
Rel-16

4-step RACH CB

2-step RACH CB
preambles for

preambles for
Rel-17

- Rel-17

groupB

groupB

Other





