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1 Introduction

The agreement achieved in RAN2 #113be meeting for slice based RACH configuration are as follows: 
	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.
2: RAN2 will prioritize the discussion for slice specific RACH for IDLE and INACTIVE mode. And CONNECTED mode is down prioritized and can be considered if time allows. 

3: Slice specific RACH (including RACH isolation and RACH prioritization) is only applied for CBRA but not for CFRA.

4: To ensure the backward compatibility, it is RAN2’s common understanding that common RACH resource should be configured in initial BWP if the slice specific RACH resource is configured in initial BWP.

6: RAN2 confirms that the issue of prioritization parameter collision with MPS/MCS need to be resolved. There is UE based solution (option 1, fixed rule) or network based solution (option 2, configurable rule) or both. Discussion on pros and cons can be left to next meeting.

5.1: RACH type selection between 2-step slice specific RACH and 4-step slice specific RACH is based on a RSRP threshold.

FFS to introduce a slice specific threshold or reuse the legacy threshold.

FFS UE should first select between slice specific RA and common RA or UE should first select RA type between 2-step RA and 4-step RA

5.2: The table from R2-2104322 can be used for further discussion.

Slice specific RACH is only applicable if there is slice information (e.g., slice group or slice related operator defined access category) available for AS layer when access. FFS on details of slice group.


In this paper, we will continue discuss on slice based RACH configuration.
2 Discussion
2.1 Discussion on RACH configuration for slices
For RACH parameters prioritization, powerRampingStepHighPriority and scalingFactorBI are agreed as the baseline to enable faster access to slice service and can be provided at least in SIB. But whether providing those parameters in RRC signaling is FFS. 
Several sets of RACH parameters for slice or slice group may exist which is unlike for MPS/MCS. Dedicated RRC signaling could deliver UE specific slice info and not be as much sensitive as in SIB. The potential issue for providing in RRC signaling may be the same as providing cell reselection priority in RRCRelease which need be handled. In the whole, RRC signaling could be used to provide UE-specific RACH parameters prioritization. 
Proposal 1: The scalingFactorBI and powerRampingStepHighPriority could be configured using dedicated RRC signaling.
RAN2 confirms that the issue of prioritization parameter collision with MPS/MCS need to be resolved. The candidate solutions are proposed in last RAN2 meeting. They are UE based solution (i.e. slice prioritization overwrites MPS/MCS or MPS/MCS prioritization overwrite slice) and network based solution. The pro and cons of the candidate solutions are listed in below table.
Table. The pro and cons of the candidate solutions for parameter collision
	Solution
	Pro
	Cons

	Slice prioritization overwrites MPS/MCS
	Low signaling overhead  and little change to SIB;
	Fixed way which may delay MPS/MCS service

	MPS/MCS prioritization overwrite slice
	Low signaling overhead  and little change to SIB;
	Fixed way which may delay slice service

	Network based solution
	Flexible enough to enable suitable service
	Increase signaling overhead


Considering MPS/MCS is not fully covered by slice, i.e. they have some overlapped scenarios but not for all, it is not suitable to use a fixed method to solve the collision, which may be harmful to user experience. Though network based solution increases signaling overhead, it could provide a flexible way to configure UE to use suitable prioritization parameters.
Proposal 2: The conflicts between MPS/MCS UE and slice RACH prioritization can be resolved via NW configuration.

For separated RACH resources, RACH resources fragment should be avoided. Due to limited RACH resources, the more slices who require dedicated RACH resources, the more fragment issues will appear. Thus, the number of RACH resources pool should be controlled. In order to alleviate the severity of fragment problem, RACH resources should be configured per slice group rather than per slice. And slice group aims to be flexible enough to adapt for various situation. For example slice group could be determined according to specific slice service, or by slice service/type.
In fact, how the slice group is determined depends on network implementation. For a UE, it only needs to know which resources should be used when initiates RACH process for a slice.  Therefore, as long as NW can inform UE of slice group info and the association between slice group and RACH configuration, no matter by SIB or dedicated signaling, then UE could work properly.
Proposal 3: Slice group could be determined by NW implementation, and SST is also a kind of slice group.
2.2 Use cases about RACH resources configuration
At the beginning of the discussion, the valid use cases of RACH resources configuration should be determined. Considering network can configure slices with 4-step or 2-step (or both) RA resources which is agreed in RAN2 #113be meeting, all candidate use cases are listed below.
Table. Use cases about RACH resources configuration

	Cases
	RACH resource configuration in one BWP
	RACH type selection for slice triggered access
	Fallback after MSGA or MSG1 attempt number beyond threshold

	Case 1
	2-step slice specific RACH
4-step common RACH
	FFS Always perform 2-step slice specific RACH
	Fallback to 4-step common RACH

	Case 2
	2-step slice specific RACH
4-step slice specific RACH
4-step common RACH
	RACH type selection based on RSRP threshold
	Fallback to 4-step slice specific RACH.
FFS Fallback from 4-step slice specific RACH to 4-step common RACH

	FFS Case 3 is valid
	4-step slice specific RACH
2-step common RACH
	FFS Always perform 4-step slice specific RACH
	FFS:
No fallback vs. Fallback to common RACH

	Case 4
	4-step slice specific RACH
4-step common RACH
	Always perform 4-step slice specific RACH
	FFS:
No fallback vs. Fallback to common RACH

	Case 5
	2-step slice specific RACH
2-step common RACH
4-step slice specific RACH
4-step common RACH
	RACH type selection based on RSRP threshold
	Fallback to 4-step slice specific RACH. 
FFS Fallback from 4-step slice specific RACH to 4-step common RACH.
2 step slice RA fallback to 2 common RA

	FFS
Case 6 is valid
	2-step slice specific RACH
2-step common RACH
	Always perform 2-step slice specific RACH
	FFS:
No fallback vs. Fallback to common RACH

	Case 7
	2-step slice specific RACH
2-step common RACH
4-step common RACH
	FFS Always perform 2-step slice specific RACH
	Fallback to 4-step common RACH. 
No fallback to 2-step common RACH.

	FFS
Case 8 is valid
	4-step slice specific RACH
2-step common RACH
4-step common RACH
	FFS Always perform 4-step slice specific RACH
	FFS Fallback from 4-step slice specific RACH to 4-step common RACH.

	FFS Case 9 is valid
	2-step slice specific RACH
4-step slice specific RACH
2-step common RACH
	RACH type selection based on RSRP threshold
	Fallback to 4-step slice specific RACH. 
FFS Fallback from 2-step slice specific RACH to 2-step common RACH.


In fact, not all the use cases listed above are valid. From the point of ours, 4-step common RACH resource could be configured alone, but if 2-step common RACH resource is configured, the 4-step common RACH resource should be configured together. 
Observation 1: If 2-step common RACH resource is configured, the 4-step common RACH resource should be configured together.
By using this criterion, the case 1, 2, 4, 5, 7, 8 should be considered as valid use cases. But though six use cases are picked up from all nine use cases, it is still hard to define a unified mechanism for RA type selection or RA fallback. 
Furthermore, the above six use cases can be divided into three categories according to the configuration of slice-specific RACH resources and will be discussed in the next section.  
	Categories
	Use case

	Only 2-step slice specific RACH
	Case 1, 7

	Only 4-step slice specific RACH
	Case 4, 8

	Both
	Case 2, 5


2.3 Discussion on RACH type selection for slices
As listed in section 2.2, in case 1 and case 7, when only 2-step slice specific RACH resources configured, UE could always perform 2-step slice specific RA for RA type selection or also with the consideration of RSRP.
In our opinion, UE should do RA type selection based on RSRP as well. The reason is that always perform 2-step RACH is conductive to shortening the access delay for slice only when channel quality is good. On the contrary, it may result in continuous access failures and increasing access delay when channel quality is bad.
Proposal 4: RA type selection should consider RSRP as well. 
Legacy RA type selection only consider RSRP, i.e. when RSRP fulfilled, the 2-step RA is used, and otherwise 4-step RACH is used. For slice based RACH, from our views, the legacy RA type selection could be reused with some enhancements, i.e. after determining 2-step RA or 4-step RA, UE could select which RACH resource should be used, i.e. slice specific RA or common RA, based on available configured RACH resources.
The reason why 2-step RA or 4-step RA should be determined firstly is to avoid useless operation. For example, for an UE who is configured RACH resource like case 1. If slice specific RA is selected firstly but RSRP is not satisfied, finally UE cannot initiate 2-step RACH in 2-step slice specific RACH resource. That is to say, the first step (select slice RA) is useless. Thus, we believe that UE should select RA type between 2-step RA and 4-step RA based on RSRP firstly, and then select slice specific RA and common RA based on available configured RACH resources.
Proposal 5: UE should select RA type between 2-step RA and 4-step RA based on RSRP firstly, and then select slice specific RA and common RA based on available configured RACH resources.
Assign different RSRP thresholds for slice or slice group was proposed. But the reason why we should configure different RSRP thresholds for slice or slice group is not clear. Legacy RSRP threshold is used to guarantee successful probability of RACH access. 
Actually, when separated RACH resources for slice or slice group is supported, there seems pointless to introduce slice based RSRP threshold for RACH type selection anymore. Because network should have capability to group slices with similar requirement into a group. That is to say, the slices contained in the group also have similar RSRP value to determine which RACH type should be used. 
What’s more, it requires network to transfer more RSRP threshold per slice or slice group to UE, causing signalling overhead.

Observation 2: Different RSRP thresholds for slices cause signalling overhead.

Proposal 6: Legacy RSRP threshold for RA type selection should be reused.
2.4 Discussion on RACH fallback for slices
For the valid use cases analysed in section 2.2, the RA fallback should also be studied. Several fallback types are listed here.
	Fallback type
	Description

	Fallback type 1
	From 2-step slice specific RA to 4-step slice specific RA

	Fallback type 2
	From 2-step slice specific RA to 4-step common RA

	Fallback type 3
	From 4-step slice specific RA to 4-step common RA


Fallback type 1 and fallback type 2 are easy to accept, i.e. when 4-step slice specific RACH resource is configured, UE should fallback to 4-step slice specific RACH resources, and otherwise UE should fallback to 4-step common RACH resources.
Proposal 7: UE should fallback to 4-step slice specific RACH resources if configured, otherwise 4-step common RACH resources will be used. 
For fallback type 3, from 4-step slice specific RA fallback to 4-step common RA, why it may exist, the only explanation is that RACH resource shortage happened in 4-step slice specific RA resources. But UE cannot infer that RACH resource shortage happens unless informed by NW. However, if NW knows that the RA resource shortage has happened, it could increase or adjust the allocated RACH resources (part of NW implementation). Thus, fallback type 3 is unreasonable, there should be no fallback for UE if only 4-step slice specific RACH resources configured.
Proposal 8: There is no fallback if only 4-step slice specific RACH resources is configured for UE.

The enhancement to fallback mechanism could be to assign different RA retransmission attempts for different slices. But different RA retransmission attempts for slices increase the payload size of system message. And it is hard to prove that the total access delay will be shorten, e.g., reduced attempts may be configured for urgent slice, but continue to send 2-step RA request may takes shorter time compared to fallback to 4-step RACH. 
Based on the above analysis, we think reuse legacy RA retransmission attempt may be better.
Proposal 9: Legacy RA retransmission attempt should be reused.
3 Conclusion

In this contribution we discussed and analyzed the slice based RACH configuration, and made the following observations and proposals:
Observation 1: If 2-step common RACH resource is configured, the 4-step common RACH resource should be configured together.

Observation 2: Different RSRP thresholds for slices cause signalling overhead.

Proposal 1: The scalingFactorBI and powerRampingStepHighPriority could be configured using dedicated RRC signaling.
Proposal 2: The conflicts between MPS/MCS UE and slice RACH prioritization can be resolved via NW configuration.

Proposal 3: Slice group could be determined by NW implementation, and SST is also a kind of slice group.

Proposal 4: RA type selection should consider RSRP as well. 
Proposal 5: UE should select RA type between 2-step RA and 4-step RA based on RSRP firstly, and then select slice specific RA and common RA based on available configured RACH resources.
Proposal 6: Legacy RSRP threshold for RA type selection should be reused.
Proposal 7: UE should fallback to 4-step slice specific RACH resources if configured, otherwise 4-step common RACH resources will be used. 
Proposal 8: There is no fallback if only 4-step slice specific RACH resources is configured for UE.

Proposal 9: Legacy RA retransmission attempt should be reused.
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