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[bookmark: _Toc462478989]Abstract of the contribution: This contribution provides an analysis of System impact due to NR-U.
1 Discussion
RAN2 is working on the “Study on NR-based access to unlicensed spectrum” which is led by RAN1. 
One of the objectives of the Study Item is to ensure that connection and security management of gNB operating in unlicensed bands (LAA, DC, and stand-alone cases) can be integrated with the 5G System, including service continuity requirements for users moving between cells of licensed and unlicensed frequency bands. 
This paper attempts to analyse the potential system impact and proposes a way forward.
1. Network Identification & Network selection (applies to stand-alone scenario)
Existing network and cell selection procedures are based on PLMN IDs. This is not an issue for public PLMNs who can use their existing PLMN ID also for NR-U.  However, it cannot be assumed that Private PLMN operators, who may want to leverage NR-U, can get globally unique PLMN IDs.
· The number of available PLMN IDs are limited
· In most of the countries there are regulatory requirements to obtain a globally unique PLMN ID 
(e.g. to provide general public services)
However, Network Identification & Network selection aspects for operators with no globally unique PLMN ID are not limited to unlicensed bands and already covered within FS_Vertical_LAN (i.e. we already have key issues and solutions for this purpose). Thus NR-U is not resulting in additional system impacts.
Observation #1: No new system impact due to NR-U with regards to network identification & network selection.
2. Subscription, Policy and Charging (applies to LAA, DC and stand-alone scenarios)

In order to be able to differentiate NR and NR-U for subscription, policy and charging, RAT type could be introduced in order to identify NR-U. In rel-15, RAT type is not indicated on a per UE level rather RAT type is based on nodal association between NG-RAN node & AMF. The AMF determines Access Type and RAT Type based on the Global RAN Node ID associated with the N2 interface. 
Subscription based access restriction might be necessary for use of NR-U as primary or secondary RAT. This will require addition of “NR-U restriction” in UDM data that needs to be propagated to NG-RAN by AMF in HRL. It should be taken into account for access control and mobility.

Observation #2: New RAT type for NR-U along with “subscription based access restriction” could be introduced. Whether we can continue with Rel-15 way of supporting RAT type identification in the AMF (i.e. on a nodal basis) or need per-UE level indication over N2 is FFS.
3. 5G QoS Framework (applies to DC and stand-alone scenario)
5G QoS framework is designed in a generic way to support multiple access (licensed and unlicensed). Main question is about support for GBR QoS in an unlicensed band (i.e. shared media).
RAN should be able to reserve resources (perform admission control) for GBR QoS. There might be an issue in reserving resources from unlicensed bands, however RAN node needs some intelligent mechanisms to overcome this (congestion can happen even in licensed spectrum thus similar mitigation mechanisms could be leveraged).
If the other nodes also work in a “fair” manner, then it is guaranteed that the unlicensed RAN node will get a proportional part of the band. In practice, after the node learns about the number of nodes nearby, it can estimate what is probably “guaranteed” part of the band it can get. (For instance, if there are 4 other nodes nearby, then it can assume that 1/5 part of the band can be used and not plan for full utilization) The number of neighboring nodes and their activity may vary, but it is reasonable to assume that a part (smaller than in licensed bands) of the band can still be used for GBR traffic with a very low failure rate. (If there are 4 other nodes nearby, and thus about 1/5 part of the band can be used by the node, then the RAN node may assign e.g. 1/20 of the capacity of the band for GBR traffic without risking much.) 
These aspects are assumed to be implementation specific and part of admission control (and partly scheduling) algorithm within the RAN, thus not resulting in additional specification impact.
Observation #3: GBR QoS can be supported also for NR-U and no specification impacts are expected to QoS framework due to NR-U. It is assumed that the RAN node is able to perform admission control and scheduling considering the properties of the unlicensed bands.
4. Mobility & Handover aspects (applies to DC and stand-alone scenarios)

From SA2 perspective, mobility between NR-U and NR gNB should be treated like we support N2 and Xn HO. IP address allocation, PSA anchor and re-anchoring support are not impacted due to NR-U thus there should be no impact to support for seamless service continuity as such. The main aspect to ensure is the ability to support HO preparation phase with the target gNB being able to allocate and/or guarantee resources (e.g. for GBR QoS flows as stated in #3 above). It is expected that RAN WGs will address the general impacts of unlicensed bands (e.g. Listen-Before-Talk) on handovers at RAN level.
Observation #4: No new system level impact foreseen due to NR-U.
5. Paging (applies to stand-alone scenario)
If there is a failure in reaching the UE while paging, paging reattempts can be performed. Paging strategy and paging timers (that are implementation specific) can be adapted according to NR-U behavior. It is expected that RAN WGs will address the general impacts of unlicensed bands (e.g. Listen-Before-Talk) on paging at RAN level.
Observation #5: No new system-level impact foreseen from SA2 perspective to support paging via NR-U gNB due to NR-U. SA2 will align with RAN2 and RAN3 decisions in this regard.

[bookmark: _Toc520098773]2 Proposal
Based on the analysis, it is proposed to respond to RAN2 that no major system/architecture level issues are foreseen if RAN WG addresses the general aspects (e.g. resource reservation, handover and paging robustness) of unlicensed bands. Only system impact identified so far, is the need for introducing RAT type for NR-U, if desired for “subscription based access restriction”, policy and charging purpose.
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