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Introduction
During the last RAN-NR(AH) meeting, RAN2 have made the following agreements:
Agreements:
1:	RAN2 understanding is that traffic for different slices is handled by different PDU sessions.
2	Network can realise the different network slices by scheduling and also by providing different L1,2 configurations.
3	UE should be able to provide assistance information for network slice selection in RRC message, if provided by NAS.
FFS whether it is possible to provide different PRACH, access barring and congestion control information for different slices.
4	Above agreements and FFS are also applicable for LTE connected to 5G-CN.
RAN2 have made some progress on slicing impacts on radio interface but there are FFS and remaining issue still left for discussion. This contribution intends to discuss such issues, i.e., what RAN2 needs to consider in supporting slice-specific access/congestion control and mobility.
Discussion
For discussion, we should first agree on what network node level RAN2 will apply slice-specific access/congestion control and mobility.
The current NR framework incorporates different physical numerologies spanning over various carrier frequencies. Although RAN1 is progressing to standardize necessary numerologies, this does not mean that all gNBs deployed will support the same physical radio resources. Depending on L1 antennas, power, numerologies, L2 configurations, fronthaul/backhaul transport, etc., the set of slices that can be supported by RAN can differ e.g. per each TRP (transmission reception point, currently being considered to be the minimum network node level in NR) within a cell.
Recently, SA2 has made clear in its reply LS to RAN3 [1] that the slice configuration assigned to UE is uniformly supported across the UE’s registration area (a list of TAs). Even if the slices configured to the UE are supported by all TRPs within UE’s registration area, it is possible that a TRP within UE’s registration area may not be able to provide service to some slices (among those configured/supported to the UE) at a time due to the load situation (e.g., barred).
Does this mean that the network should distinguish the slices to be supported per each TRP? In LTE, “cell” has been the minimum network node that broadcasts the access-related and measurement-related information. In NR supporting slice-specific access/congestion control and mobility, the TRP-level granularity of the supported slices may not be desirable as it may significantly increase the slice-related information signalling, the UE processing overhead or acquisition delay.
Proposal 1: In NR supporting slicing, RAN2 defines the slices that can be supported by a NR cell to be those supported by all TRPs within that NR cell. RAN2 does not distinguish the supported slices per each TRP level.
Slice-specific Access/Congestion Control
The FFS point in the last RAN2-NR(AH) agreement above is to ask whether it is possible to apply different access/congestion control for different slices. This implies that the PRACH, access barring, and congestion control parameters may have to be differently configured for the slices supported within a cell. 
According to the agreements in SA2 [2] and RAN3 [3], the overload or congestion in one slice should not be a bottleneck for other slices to guarantee the SLA (Service-Level Agreement). When the dedicated radio resources are assigned to slices, the benefit of separate control is clear in the perspective of such resource isolation principle as it allows independent management for different slices.
RAN2 agreed that the NR access/congestion control should support diverse aspects (such as RACH backoff, RRC Connection Reject, RRC Connection Release, and UE based access barring mechanisms), taking LTE as baseline. In LTE all access control mechanisms which have been specified for RRC_IDLE are applied only for access attempts for RRC connection establishments of MO-type traffic. On the other hand, the congestion control of MT-type traffics in LTE relies on the S1 paging priority mechanism. When considering slice-specific control, the radio interface may be significantly impacted by the access control mechanisms for RRC_IDLE. The following issues are identified when we restrict access attempts for RRC connection establishments: 
· Different PRACH configurations for slices: It is apparent that the network slicing does not end up with configuring only one slice to a UE. Suppose that the UE is configured with two slices A and B, and would like to get service for both (assume that both slices can be supported by a cell that the UE is accessing to). If PRACH is differently configured for slices, then it should be made clear on how the UE chooses which configuration to use for random access.
· Different access control parameters for slices: In the same scenario, if the access control parameter (e.g. barring factor/time) is different per slice, then it should be made clear on how the UE to follow. Moreover, the slices that can be supported may be different per each NR cell. RAN sharing where the access control parameters can be configured commonly may not be applicable.
· Minimum SI size limitation: In NR, the minimum SI is broadcast periodically and comprises basic information required for initial access to a cell and information for acquiring any other SI broadcast periodically or provisioned via on-demand basis. As noted in [4], for UEs in RRC_IDLE and RRC_INACTIVE the access control parameters may have to be broadcasted as part of the minimum SI. If the access control has to be separately considered for different slices, one general concern would be minimum SI size limitation due to the potential growth of slices in the future. 
To avoid such issues, the approaches similar to using RRC Connection Reject message in LTE can be considered. One solution can be to rely on random access signalling from network to UE. The RAR (msg2) procedure can be used to provide the information of the supported/available slices of a cell that the UE is accessing to. If the UE have no prior information, then the UE can use such received information to check whether its slices of interests for RRC connection establishment can be supported or made available by that cell. If no slices of interest is found supported/available, UE may stop RACH procedure and may perform cell reselection to find another cell. Another example is to use contention resolution (msg4) procedure. RAN2 has agreed that UE should be able to provide assistance information (slices configured to the UE) for network slice selection in RRC message, if provided by NAS. If such assistance information is provided through RRC Connection Request in msg3, the cell can examine, and may provide the set of slices that the UE can access among provided or may send indication that all provided slices cannot be supported/available. Additionally, random access signalling from network to UE may contain the set of slices that can be supported/available in the neighbouring cells or the set of the neighbouring cells that the slices of interest can be supported/available, to help UE reselect to the right cell. The described random access signalling approach enables the UE to be aware of slice availability of a cell when necessary (when it is accessing to) without relying on system information, which suffers from the size limitation. (Note that there is no size restriction specified for msg2 and msg4.)
Proposal 2: For slice specific access/congestion control, RAN2 should also consider network signalling in random access messages (msg2 or msg4) for the UE to be aware of slice availability. Detailed solutions for slice specific access/congestion control can be discussed during WI phase.
Slice-specific Mobility Management
The following has been also captured in RAN3 TR [2]:
	Slice Availability
-	Some slices may be available only in part of the network. Awareness in a gNB of the slices supported in the cells of its neighbouring gNBs may be beneficial for inter-frequency mobility in connected mode. It is FFS if such awareness is also beneficial for intra-frequency mobility. It is assumed that the slice configuration does not change within the UE’s registration area.
-	The RAN and the CN are responsible to handle a service request for a slice that may or may not be available in a given area. Admission or rejection of access to a slice may depend by factors such as support for the slice, availability of resources, support of the requested service by other slices.


As discussed, depending on various situations, slices that can be supported may be different per each NR cell, and not all may be available always. The possibility of such slice unavailability may affect both the connected and idle mode mobility.
2.2.1	Idle mode mobility
If the selected NR cell cannot provide service to the slices that UE is requesting to, then the UE may be rejected by the network. The idle mode mobility is UE-based, and thus the slice availability of the serving/neighbouring cells may be considered in cell reselection criteria.
In fact, considering such service-related information is not new, as in LTE service based frequency prioritization is applicable for MBMS, CSG and sidelink discovery and communication (the prioritization among the frequencies which UE considers to be the highest priority frequency being left to UE implementation).
On the other hand, there is a concern in [5] that the slice-based cell selection may lead the UE not to choose the best cell from a radio performance point of view, causing more interference and degrading spectral efficiency and overall system performance. Moreover, the SIB(s) for cell selection/reselection parameters are essential for the network to control the initial access of the unknown UEs camped on. It may need to be broadcasted periodically as part of minimum SI in NR [6]. The size of such essential SIB(s) should be concerned for forward compatibility since the NR system may demand smaller SIB size due to beam sweeping nature and the slice/service types are expected to be further differentiated in future.
Proposal 3: For the idle mode mobility, RAN2 is asked to study whether it is possible that cell reselection criteria can consider the slice availability while satisfying the radio performance and signalling size limitations during WI phase. 
2.2.1	Connected mode mobility
The mobility in connected mode is decided by the network based on the UE’s measurement report. In order for the network to know whether the UE’s currently served slices can be made available in the neighbouring cells before deciding the target, there are two options.
-	Option 1 (NR measurement reporting includes slice availability broadcasted): The NR measurement reporting may include slice availabilities of neighbor cells broadcasted. The advantage of this option is that the source cell does not have to communicate with the neighbors (potential target) regarding whether the UE’s currently served slices can be supported/available. The disadvantage is that it may increase the measurement reporting size and the UE processing overhead or acquisition delay.
-	Option 2 (NR measurement reporting without slice availability information): The advantage of this option is that it does not require the slice availability information broadcasting. One disadvantage may be that once the source receives the NR measurement reporting, it needs to know whether the UE’s currently served slices can be supported/available in the potential target or not. 
Considering that the beam-based operation (and thus measurement) is the baseline in RAN1/RAN2 (where potentially the large number of beams or slices can be used in the future), increasing the measurement reporting size and the UE processing overhead or acquisition delay may not be desirable.
Note that Option 1 is unnecessary for intra-gNB handover. A single gNB controls all cells and TRPs within, and thus it will know all the slice availabilities in its cells and TRPs that it controls. Including the slice availability information inside the measurement reporting would not be required for the support of intra-gNB mobility.
For inter-gNB handover, the slice availability needs to be communicated through the Xn interface between different gNBs. It may be resolved as part of the HO preparation or may rely on network configuration that enables a gNB to know which slices are supported/available in the neighboring gNBs. If Option 2 is used, then no slice-related information is required in NR measurement reporting to support this. 
Proposal 4: For connected mode mobility, slice availability in the target cell may be considered as part of handover decision but no slice-related information is required in NR measurement reporting to support this. 
Conclusion
In the present contribution we make the following proposals:
Proposal 1: In NR supporting slicing, RAN2 defines the slices that can be supported by a NR cell to be those supported by all TRPs within that NR cell. RAN2 does not distinguish the supported slices per each TRP level.
[bookmark: _GoBack]Proposal 2: For slice specific access/congestion control, RAN2 should also consider network signalling in random access messages (msg2 or msg4) for the UE to be aware of slice availability. Detailed solutions for slice specific access/congestion control can be discussed during WI phase.
Proposal 3: For the idle mode mobility, RAN2 is asked to study whether it is possible that cell reselection criteria can consider the slice availability while satisfying the radio performance and signalling size limitations during WI phase. 
Proposal 4: For connected mode mobility, slice availability in the target cell may be considered as part of handover decision but no slice-related information is required in NR measurement reporting to support this. 
 References
[1] S2-170603, “Response to LS on Network slicing and QoS for New Radio”, 3GPP SA2
[2] TR 23.799, “Study on Architecture for Next Generation System”, v14.0.0, 3GPP SA
[3] R3-170335, “Study on New Radio Access Technology: Radio Access Architecture and Interface”, TR 38.801 v1.1.0, 3GPP RAN3
[4] R2-1701740, “Considerations on the design aspects of NR access control”, Intel Corporation
[5] R2-1700388, “Slice availability”, Ericsson
[6] R2-1700338, “Minimum system information”, Intel Corporation
3

