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In Rel16 RACH resource can be shared between 4-step RACH and 2-step RACH. In shared ROs, among preambles corresponding one SSB, preambles are further divided between these two types of RACH procedures. In Rel17 with the introduction of more features, namely RAN slicing, Redcap, Coverage enhancement and Small data transmission (SDT), it is possible that RACH resource need be further shared among those features. One apparent issue is that the less RACH resource could be assigned for one specific or combination of features, the more random access collision could occur and hence the lower performance of the whole system. In addition if different solutions are developed in different WIDs, it become complicated for UE to deploy those features. Or even worse the solutions themselves may contradict with each other. In this paper, after introduction of current status and issues to be addressed, some rules are introduced. Finally some detail solutions are proposed based on the current status of the relevant features.
Discussion
The RACH resource partition till Rel16
When a new RACH trigger is introduced, there are 2 ways to configure RACH resource which is illustrated in follow table 1:
	Trigger
	ROs in addition to ROs defined in RACH-ConfigCommon,
	Shared ROs by mask

	SI request
	Yes
	Yes

	Beam failure recovery
	Yes
	Yes

	IAB
	Yes
	No

	CFRA
	Yes
	Yes

	2-step RACH
	Yes
	Yes


Table 1
In shared RO, the partition of preamble among SI request, BFR, CFRA and 2-step RACH is bit different. The preambles for BFR and CFRA can be configured within reserved preambles to avoid any backward compatibility issue. The preambles for SI are also kind of reserved preambles which is however a cell specific configuration. The preambles of 2-step RACH is actually part of the original reserved preambles for 4-step RACH to avoid any backwards compatibility issue. The preambles relationship is illustrated in Figure 1:


Figure1: preamble partition in Rel16
One SSB can cover up to 8 ROs and one ROs can also contain up to 16 SSBs. Figure 1 takes two SSBs associated with one RO as an example. If there are more than 2 SSBs in one RO or only one SSB, the preamble pattern of one SSB is exactly the same as illustrated in Figure 1.
General requirement to do further partition
When a new solution is introduced in Rel17, it should be at least backwards compatible i.e. the RACH procedure of legacy UE should not be impacted. One problem raised in SDT WID for RACH resource in addition to configuration in RACH-ConfigCommon is RA-RNTI collision issue due to the fact that the parameter f_id in the equation to calculate RA-RNTI is a relative index. The issue was discussed before since it also exists for e.g. CFRA but no solution is standardized in spec but leave it to implementation i.e. to configure the RACH resource in different time domain from RACH-ConfigCommon. No strong motivation is observed to introduce new solution i.e. in Rel17 we can further rely on implementation. Another issue is that RAN2 should try best not to divide RACH resource into too much pieces to avoid high RACH collision. Furthermore it is also possible that more Rel17 feature or future combinations will be introduced in future apart from mentioned Rel17 features. So the solution should be easy for future extension i.e. good forward compatibility.
Rule1: New solution should be backward compatible
Rule2: It should be avoided to divide RACH resource into too much pieces
Rule3: New solution should be forward compatible as much as possible
To examine those rules, let’s check 2-step RACH. In order to keep backwards compatibility the preambles for 2-step RACH are actually part of the reserved preambles for 4-step RACH. In this way legacy UE supporting only 4-step RACH is not impacted. Since additional RACH resource is allowed for 2-step RACH, one offset value of RA-RNTI is added on top of RA-RNTI for 4-step RACH i.e. MSGB-RNTI=RA-RNTI+14*80*8*2
[image: ]
Equation1: MSGB-RNTI
In this way, the RA_RNTI collision is avoided. The solution itself is not so future proof in the sense that it can’t be used for other purpose.
Rel17 RACH partitioning
It is possible that network could support part of the Rel17 features. On the other hand in future it is also possible that more RACH triggers will be introduced. From UE point of view, it can be capable only part of the Rel17 features. In this case the opportunity for simultaneous RACH trigger during one RACH procedure is reduced. But in some cases UE may want to indicate several Rel17 feature combinations simultaneously in one specific RACH procedure. For example a Recap UE may trigger RACH procedure in IDLE state to indicate that it is a Redcap UE and that’s it. But when it is in INACTIVE state it may want to transmit SDT data. 
So in order to differentiate all possible Rel17 feature combinations it can support, network need configure all the potential combinations. The paper [1][2] both pointed out that the coverage enhancement and SDT feature could be exclusive with each other because normally UE would transmit SDT in INACTIVE state in good coverage. In addition it seems not so necessary to differentiate slice for a Recap UE since the supported services are limited due to its reduced capability. All possible combinations after taking these two limitations into account are illustrated in table 2:
	Index
	Feature combination
	Minimum number of preambles or RO for partition(Note)

	1
	CovEnh
	1

	2
	SDT
	1

	3
	Redcap
	1

	4
	Slicing
	4

	5
	Redcap+SDT
	1

	6
	Redcap+CovEnh
	1

	7
	SDT+ Slicing
	4

	8
	CovEnh+Slicing
	4


Table 2 possible combinations of Rel17 features
Note: assuming 2 bits for Slicing and 1 bit for Redcap, SDT and CovEnh
In the table2 the minimum required number of preambles are calculated based on assumption that Redcap, SDT and CovEnh are binary features while Slicing need 2 bits for finer differentiation between slice or slice group. Of course eventually how much bits are needed for slicing should be decided in slicing WID.
Proposal 1: 8 Feature combination in table2 need be differentiated in Rel17 to trigger RACH procedure
The maximum number of ROs for one SSB is 8 which is the same as the maximum number of ROs in frequency domain. It is obviously that it is not so efficient to differentiate the listed 8 cases only in RO level considering this table maybe further extended in future unless we change the RACH configuration significantly. So it is necessary to differentiate those 8 cases in preambles level i.e. within one RO one or more combinations listed in table 2 could be differentiated.
Proposal2: Rel17 feature combinations are differentiated in preamble level and/or RO level
Next step is for specific Rel17 feature combination in table 2, how to identify its RO and the preamble range. For the RO selection there are two aspects to be taken into account. One aspect is whether ROs configured in the IE RACH-ConfigCommon are shared by those Rel17 feature combinations or some new ROs could be additionally configured which is not “visible” for legacy UE. Another aspects is the configuration of parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB in both shared ROs and additional ROs. Considering network may support all the new Rel17 feature combinations in Rel17, it seems necessary to configure additional ROs to lower the RACH collision. Then, to split RACH resource among more and more Rel17 feature combinations, it seems to ssb-perRACH-OccasionAndCB-PreamblesPerSSB as one of the values { oneEighth , oneFourth , oneHalf } is reasonable approach, but other values in the RRC spec should not be excluded.
Proposal3: ROs in addition to RACH resources defined in IE RACH-ConfigCommon should be allowed for Rel17 features
Proposal4: For both legacy ROs and additional ROs, there is no limitation on parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB
Due to the fact that not all UEs support all the mentioned Rel17 features and some combinations are only available in some RRC state e.g. SDT relevant should be always in INACTIVE state, it is clear that the combinations in table 2 will occur with different frequency. Normally the more Rel17 feature combinations are involved, the less frequently it will occur. Furthermore as indicated in table 2, the minimum required preambles are different for those Rel17 feature combinations which should be also taken into account. This will be reflected in two issues:
Issue 1, How to map one Rel17 feature combination in table 2 to ROs
Issue 2, How to map one Rel17 feature combination in table 2 to a detail preamble range of the mapped RO
The current masking solution is feasible for issue1 i.e. to reuse mask index defined in table 7.4 in MAC specification. But the granularity of masking could be finer. One possible solution is to rely on a bitmap with the maximum length 8. Depending on detail configuration of ssb-perRACH-OccasionAndCB-PreamblesPerSSB , one Rel17 feature combination can be mapped to any ROs within one SSB cycle. Table 3 show the possible improvement by introducing a bitmap instead of current mask index in terms of flexibility:
	ssb-perRACH-OccasionAndCB-PreamblesPerSSB
	Possible choice based on current mask index
	Possible choice based on bitmap approach

	oneEighth
	10
	255

	oneFourth
	6
	15

	oneHalf
	2
	3

	One,two, four, eight, sixteen
	1
	1


Table 3: comparison between mask index and bitmap approach
It can be noticed there is no difference between two approaches when ssb-perRACH-OccasionAndCB-PreamblesPerSSB is set as 1/2/4/8/16 i.e. in those cases either one feature combination is mapped to all ROs or not there at all. When it is 1/4 or 1/8, there is significant difference.
The comparison of table 3 is based on the assumption that the mapping is done within one SSB burst set. One question is whether the mapping period could be more than one SSB burst set. It is beneficial to make the mapping more flexible when network has to configure ssb-perRACH-OccasionAndCB-PreamblesPerSSB with value other than 1/8 and 1/4. But the drawback is also clear that UE may need wait for more time to access the network because the available ROs could be a little bit late. Figure 4 show one example assuming ssb-perRACH-OccasionAndCB-PreamblesPerSSB is chosen as 2 and there are total 2 ROs in frequency domain.


Figure 4: RO is shared every one SSB burst set
In Figure 4 it is assumed one Rel17 feature combination is mapped to ROs every two SSB burst set with green colour. When a RACH procedure is triggered at t0 the RACH procedure can however go directly at t1 but at t2 which causes additional delay. Meanwhile the benefit is also obvious that more features or feature combinations can be differentiated among each other without increasing RACH resource configuration.
Proposal5: To introduce bitmap approach to map one Rel17 feature combination in table 2 to the ROs of one SSB burst set
Proposal5a: RAN2 discuss whether the mapping can be done every one SSB burst set or even more
From standardization point of view, in order to introduce less impact in MAC spec as much as possible, it would be desirable not to change preamble selection procedure as much as possible and keep backward compatibility. The possible improvement of the preamble selection is illustrated in Figure 5:


Figure 5 enhanced preamble election procedure
In Figure 5 spec modification due to Rel17 solution will occur after measured SSB or CSI-RS is selected. During the discussion of Slicing WID and SDT WID it is possible that only 4-step RACH resource or 2-step RACH resource are configured for that specific feature. In addition for Recap feature, only 4-step RACH procedure is supported. So in the 2nd step in Figure 5, some additional condition(s) should be inserted for that specific Rel17 feature. It also means any reserved preambles should be split between 4-step/2-step and group A/B at first before they are further divided among applicable Rel17 feature combinations.
For shared ROs, some new parameters need be introduced to split the reserved preambles in Figure 1 (in brown). For additional ROs, existing RACH resource configuration can be reused. To keep forward compatibility, the reserved preamble of the additional ROs will not be touched for Rel17 features.


Figure 6: preambles in brown for Rel17 feature combinations
In Figure 6 preambles available to reflect Rel17 feature combination are located in group A or group B of either 2-step RACH preambles or 4-step RACH preambles. When only one of the 4-step RACH or 2-step RACH can be selected for one specific feature combination, then only group A or group B of either 4-step RACH or 2-step RACH can be chosen for further partition.
Proposal 6: Any reserved preambles should be split between 4-step/2-step and group A/B at first before they are further divided among Rel17 feature combinations
Proposal6a: for shared ROs defined in RACH-ConfigCommon proposal 6 is applied for the reserved preambles per SSB
Proposal6b: for additional ROs defined for Rel17 feature combination proposal 6 is applied for the contention based preambles for 4-step and/or 2-step preambles.
To simplify further description of this paper, preambles available for partition and associated with one SSB in one RO after split between 4-step/2-step RACH and group A/B is called preamble set for partitioning (PSP). Once the mapping between Rel17 feature combination and ROs is configured based on bitmap approach, for one specific PSP it is known which Rel17 feature combinations are mapped and in which order. Table 4 gives one example to show how it can be done:
	RO index/Rel17 feature combination
	CovEnh
	SDT
	Redcap
	Slicing
	Redcap+SDT
	Redcap+CovEnh

	1
	x
	
	
	
	x
	

	2
	
	x
	
	
	
	

	3
	
	
	x
	
	
	x

	4
	
	
	
	x
	
	


Table 4: mapping between Rel17 feature combination and ROs
It is assumed the RACH resource in table 4 is additional ROs. The parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB is set as 1/4 i.e. one SSB is associated with 4 ROs. For one specific RO e.g. 1st RO, the mapped Rel17 feature combination is “CovEnh” and “Redcap+SDT”. Figure 7 illustrate the outcome of the partition of 1st RO:


Figure 7: preamble partition example for 1st RO in table 4
It should be noted that even division is not always possible and less flexible. In current spec the preamble range of 2-step RACH could be independently configured from 4-step RACH. This is also true for the split between group A and group B of both 4-step RACH and 2-step RACH. To keep the same flexibility for Rel17 feature combination, different partition among PSPs should be also allowed. In addition to keep forward compatibility Rel17 UE should be able to interpret a late release configuration when more unknown feature combinations are added in the mapping table 4. To achieve both allocation flexibility and forward compatibility for every mapped feature combination a preamble range per PSP is necessary.
Take Figure 7 as example there are totally four PSPs i.e. group A/4-step RACH, group B/4-step RACH, group A/2-step RACH, group B/2-step RACH. Since the mapping table 4 also gives mapping order between feature combinations, back-to-back allocation can be assumed between consecutively mapped feature combinations within one PSP. In this case a preamble range per feature combination is sufficient. For example {4,8,4,6} can be assigned for CovEnh per every PSP. The final outcome can be expressed as table 5:
	Feature combination
	PSP1
	PSP2
	PSP3
	PSP4
	Total assigned preambles

	CovEnh
	4
	8
	4
	6
	22

	Redcap+SDT
	8
	4
	8
	4
	24

	SUM
	12
	12
	12
	10
	46

	Total reserved preambles in PSP
	16
	12
	16
	12
	56


Table 5: example alloction
Note the gap between SUM of allocated preambles and total reserved preambles in PSP is to leave rooms for future RACH triggers in order to keep forward compatibility.
Proposal 7: the detail preamble range for one specific Rel17 feature combination in one PSP is identified based on the mapping relationship and the order of Rel17 feature combinations.
Proposal7b: for every feature combination, a preamble range per PSP is configured. 
Proposal7c: Preamble range of consecutively mapped feature combination can be allocated in back-to-back manner.
Alternative approach for 2-step RACH
The discussion in section 2.3 show that the final available preambles for one specific Rel17 feature combination is quite limited. Considering in future there could be more features to split the limited RACH resource and limited reserved preambles of shared ROs, the situation will become worse and worse. 
Alternative solution is feasible for 2-step RACH considering associated PUSCH channel will be transmitted together with a selected preamble. The idea is to indicate the intended Rel17 feature combination in PUSCH channel instead of RACH resource partition. In case 2-step RACH falls back to 4-step RACH, the legacy procedure can be followed without additional new solution considering this will only occur occasionally. Since the trigger information is for RACH procedure, it would be reasonable to define the RACH trigger information in MAC layer i.e. as MAC CE or part of legacy MAC CE. Of course the detail can be further studied. The enhanced preamble selection procedure is illustrated in Figure 8:


Figure 8 enhanced preamble selection procedure after adding alternative solution
If this alternative is applied for shared ROs, then existing RACH resource for 2-step RACH can be reused. This alternative can be also applied for additional ROs. In this case preambles for 2-step RACH need not be further split apart from the division between group A and group B. Note this alternative can be also applied for any new feature introduced in future.
Proposal8: Information bit(s) for new Rel17 feature combinations can be delivered in associated PUSCH channel of msgA
Proposal9: Information bit(s) for new Rel17 feature combinations should be introduced as MAC CE or part of legacy MAC CE
Conclusion
Some general principle for RACH partition are introduced as following:
Rule1: New solution should be backward compatible
Rule2: It should be avoided to divide RACH resource into too much pieces
Rule3: New solution should be forward compatible as much as possible
And we have following proposals:
Proposal 1: 8 Feature combination in table2 need be differentiated in Rel17 to trigger RACH procedure
Proposal2: Rel17 feature combinations are differentiated in preamble level and/or RO level
Proposal3: ROs in addition to RACH resources defined in IE RACH-ConfigCommon should be allowed for Rel17 features
Proposal4: For both legacy ROs and additional ROs, there is no limitation on parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB
Proposal5: To introduce bitmap approach to map one Rel17 feature combination in table 2 to the ROs of one SSB burst set
Proposal5a: RAN2 discuss whether the mapping can be done every one SSB burst set or even more
Proposal 6: Any reserved preambles should be split between 4-step/2-step and group A/B at first before they are further divided among Rel17 feature combinations
Proposal6a: for shared ROs defined in RACH-ConfigCommon proposal 6 is applied for the reserved preambles per SSB
Proposal6b: for additional ROs defined for Rel17 feature combination proposal 6 is applied for the contention based preambles for 4-step and/or 2-step preambles.
Proposal 7: the detail preamble range for one specific Rel17 feature combination in one PSP is identified based on the mapping relationship and the order of Rel17 feature combinations.
Proposal7b: for every feature, combination a preamble range per PSP is configured. 
Proposal7c: Preamble range of consecutively mapped feature combination can be allocated in back-to-back manner.
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