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1	Introduction
This paper discusses on the scenario and candidate solutions for the Release 17 study item “Study on enhancement of RAN Slicing”. 
2	Background
A Release 17 study item “Study on enhancement of RAN Slicing” was approved in RAN#86. The following are the objectives of this work item:
	The study item aims to investigate enhancement on RAN support of network slicing. Detailed objectives of the study item are:
1. Study mechanisms to enable UE fast access to the cell supporting the intended slice, including [RAN2]
a. Slice based cell reselection under network control
b. Slice based RACH configuration or access barring
 Note: whether the existing mechanism can meet this scenario or requirement can be studied.

2. Study necessity and mechanisms to support service continuity, including [RAN3]
a. For intra-RAT handover service interruption, e.g. target gNB doesn’t support the UE’s ongoing slice, study slice re-mapping, fallback, and data forwarding procedures. Coordination with SA2 is needed. 

Note: This study item should take SA2 output on slicing enhancement into consideration if RAN impacts are identified.
Note: The use of RAN slicing in given cells shall not prevent from accessibility for Rel-15 and Rel-16 UEs.



3	Discussion
3.1	Discussion on SA2 LS and the interaction with SA2
A LS R2-2000087(S2-2001728) [1] was sent to RAN2 on #109-e meeting in Feb 2020 to ask for RAN2’s views on the SA2’s use case on the combined use of the spectrum bands and the network slices as a possible tool for operators to offer the service isolation and management. The LS was postponed by RAN2 until now.
The key issue #7 is valid and looks similar as our RAN2 objective that to study slice-based cell reselection to enable fast access to the intended slice. But we think RAN2 work is not necessary to be the same with SA2, and RAN2 can study our own scenarios and requirements.  
After sending the LS to us, SA2 continued the study and captured the issues and candidate solutions in TR 23.700-40 [2]. As to the Key Issue#7 that is to support of 5GC assisted cell selection to access network slice, there are 4 solutions to address KI#7, i.e. solution #17, #29, #30, #31. The common point of the four solutions is that CN provides slice related frequency information to RAN node to steer the UE to a proper frequency or cell.
This is a bit different from the legacy case. In legacy network, the frequency policy is always provided from RAN node directly to UE, since the RAN OAM has a clear view of deployment and resource load. So we think RAN2 can also study whether there is a better way to enable UE fast access the intended slice based on the scenario and requirement raised by RAN2 independently from SA2. 
Proposal 1: RAN2 can discuss our own scenarios, requirements and solutions independently from SA2.
3.2	Slice based inter-frequency cell reselection
3.2.1	Scenario
The most important issue we first need to identify is the scenario, especially the relationship between frequency and slices.
Slicing is one of the most important 5G technology to explore vertical market. Operators can allocate dedicated slices to various vertical customers, e.g. industrial factory control, online video, online game, VR/AR. 
Considering the frequency resources are so valuable and the top requirement for all operators’ 5G network is to serve millions or billions of smart phone users, eMBB slice need to be served on every frequency. So there is probability no dedicated frequency that only serves vertical slices.
The typical scenario in our network is shown in the following Figure 1.


Figure 1. Typical scenario for slices deployment
eMBB service (slice 1) is supported in both 2.6GHz and 4.9GHz everywhere (our good expectation). URLLC service (slice 2) is supported only in 4.9GHz in some area, e.g. factory or hospital.
Area 1: Area 1 is probably in the factory or hospital. In the area that 2.6GHz supporting eMBB, 4.9GHz supporting both eMBB and URLLC. 
Area 2: Area 2 is more like a public area. 2.6GHz and 4.9GHz all supporting eMBB, no URLLC is supported.
Proposal 2: 1 or multiple slices can be supported on each cell of each frequency.
3.2.2	Network policy requirement for frequency priority
Frequency priority is widely used by operators for managing UE distribution. So, in the scenario shown in Figure 1, frequency priority is the most straight forward way to achieve perfect UE distribution and offloading purpose.
For UE that only supporting eMBB, or supporting multiple slices but taking eMBB as primary slice, the network policy is as follows:
Area 1: The frequency priority for eMBB slice is F1>F2
Area 2: The frequency priority for eMBB slice is F2>F1. 
The reason is that in area 1, F2 is primarily to provide URLLC service and serving URLLC UEs. So the eMBB UEs need to prior to camp on F1. And in area 2, both F2 and F1 only serve eMBB service, and F2 with wider bandwidth is deployed as eMBB hotspot, which means eMBB UEs should prior to camp on F2.
For UE that only supporting URLLC, or supporting multiple slices but taking URLLC as primary slice, the network policy is as follows:
Area 1: The frequency priority for URLLC slice is F2>F1
Area 2: N/A, since URLLC slice is not supported. 
As shown in Figure 1, URLLC UE should take F2 as higher priority in area 1. If UE moves to area 2, URLLC service is not supported, this is because in the Figure 1 URLLC service is provided inside the factory or hospital.
Therefore, for UEs supporting different slices, the frequency priorities can be different.
Proposal 3: The frequency priorities for different slices can be different.
3.2.3	Candidate Solutions
In order to address the network policy requirement listed above, here we share some candidate solutions.
Solution 1: Broadcast slice specific frequency priority
In each cell, the slice specific frequency priority can be broadcasted in the system information, i.e. the cellReselectionPriority is indicated for each slice in SIB4.
The advantage for solution 1 is that, UE is always aware of frequency priority for each slice by reading the SI in the serving cell. In Figure 1, when an eMBB UE is moving from cell 2 to cell 4, the UE will aware of the frequency priority for eMBB slice and change the priority accordingly.
Solution 2: reusing dedicated priority in release message
Same as R15, network is aware of UE’s allowed S-NSSAI, and network can send dedicated frequency priority in release message together with T320. However, the drawback for this solution is that UE is unaware of network supported slices. When UE is moving from cell 2 to cell 4 in Figure 1, the dedicated frequency priority is still working.
Solution 3: Solution #17/#29/#30/#31 in TS 23.700-40
For Solution #17, as shown in Figure 2, When UE requests an S-NSSAI that is not supported in the current TAI, the CN will consider this S-NSSAI as Target NSSAI for the UE. The CN then indicates UE via NAS message the requested S-NSSAI as rejected and indicates RAN via N2 message the Target NSSAI and its corresponding RFSP Index. With this the RAN can determine the band(s) used to allow UE access to the Target NSSAI. 


Figure 2. Reference to figure 6.17.3-1 in TS 23.700-40: UE requests to be registered to vertical S-NSSAI while not using the radio spectrum defined for the vertical Network Slice
For solution #31 is similar as solution #17, when the UE triggers PDU Session Establishment Request on a S-NSSAI that the current RAN node doesn’t support, AMF will request the current RAN node to steer UE to a new RAN node supporting the S-NSSAI.
However, we are worrying that both solution #17 and #31 cannot address the above issue. For an eMBB UE moving from cell 2 to cell 4, UE will still keep camping on F1. 
In addition, the solution#17 captured in TS 23.700-40 causing too much delay for slicing access. It takes 11 signalling, twice random accesses, 1 time of redirection or handover before UE access to the intended slice. We believe if UE is aware of RAN supported slices and perform cell reselection directly after UE decide to enter one slice, the delay will be cut down. 
The main idea of solution #29 is to provide UE with the operating band(s) that are allowed for each S-NSSAI in the PLMN. And solution #30 is to provide UE with preferred frequency band(s) information per network slice (e.g. target carrier frequencies per S-NSSAI) in the Configured NSSAI. 
For solution #29 and #30, we are not sure whether the core network can correctly configure UE with frequency policies. In the real network, the frequency policies are always provided by the RAN, not the CN. Because, the deployment of slices and corresponding frequencies is not all the same throughout the whole PLMN area. 
Therefore, from our point of view, option 1 is straightforward and preferable.
Proposal 4: Broadcasting frequency priorities per slice in system information is captured as candidate solution.
3.3	Slice based random access resource configuration
In R15, all the RACH resources are shared for all the slices. In this study item, we can study whether to introduce slice-based RACH resources. We are supportive and our motivations are shown as follows.
Motivation 1: Slice RA resources isolation
From marketing point of view, some of the industrial customs have the requirement for access resource isolation, in order to provide guaranteed RA resources for their slices.
Motivation 2: MSG1 or MSGA access control
UAC is a quite complex mechanism that impact both NSA/AS and need network maintenance for both RAN part and CN part. While, separate RA resources for slices provides a simpler way for slicing access control. Network can decide which MSG1 or MSGA to reply based on the corresponding slices, when the resources are limited.
Therefore, we propose to support configuring different RA resources (e.g. preamble or RO) for slices.
Proposal 5: Different RACH resources can be configured for slices.
4	Conclusion
Here are the proposals for RAN slicing enhancement.
Proposal 1: RAN2 can discuss our own scenarios, requirements and solutions independently from SA2.
Proposal 2: 1 or multiple slices can be supported on each cell of each frequency.
Proposal 3: The frequency priorities for different slices can be different.
Proposal 4: Broadcasting frequency priorities per slice in system information is captured as candidate solution.
Proposal 5: Different RACH resources can be configured for slices.
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