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1. Introduction
At last meetings, the RAN1-led work item NR-U (NR-based acess to unlicensed spectrum) has made many agreements both in RAN2 and SA2. Specifically, the SA2 has agreed“Support for identification and restriction of using unlicensed spectrum” in the TS 23. 501 and 23.502 based on the RAN2’s LS [1]
[bookmark: OLE_LINK1]This contribution intends to provide the analysis on RAN3, including both LTE and 5GC. 
2. Backgrund
The endorsed stage 2 TP has been agreed for TS 38.300 in [2].
	5.X Access to Unlicensed Spectrum
5.X.1	Overview
NR Radio Access operating in Unlicensed Spectrum (referred to as NR-U) can operate in a PCell, an SCell, or a PSCell. In stand-alone mode, all cells are in unlicensed spectrum. When NR-U SCells are in unlicensed spectrum, the PCell may be in licensed spectrum. An NR-U SCell may or may not be configured with UL. The DC-type of operation can be configured either with E-UTRAN node (connected to EPC or 5GC) as MN or with NR node as described in TS 37.340 [21].



It can be observed that:
· for single connectivity case, the NR-U can operate in a PCell, or a SCell. When NR-U operates as SCell, the PCell can be in licensed spectrum, similar to the LTE LAA. 
· For multi-connectivity, NR-U can be supported for MR-DC cases where the NR nodes works in the unlicensed specrums. For example, sgNB works in NR-U mode for (NG)EN-DC, the gNB works in NR-U mode for NE-DC. 

3. Discussion
3.1 UE access
The UE access the network is provided in the TS 23. 501 as follows. 
	When the UE is accessing 5GS using unlicensed spectrum as primary RAT:
-	The NG-RAN node shall provide an indication to the AMF in N2 interface that NR access is using unlicensed spectrum as defined in TS 38.413 [34]. 
-	In order to restrict access to NR in unlicensed spectrum, cells supporting NR in unlicensed spectrum have to be deployed in Tracking Area(s) different to cells supporting licensed spectrum. 
-	When the AMF receives an indication from NG-RAN over N2 whether NR in unlicensed spectrum is being used as defined in TS 38.413 [34], the AMF provides to the SMF an indication that the RAT type is NR with usage of unlicensed spectrum during PDU Session Establishment or as part of the UP activation and Handover procedures.
-	The PCF will also receive the indication whether the UE is using NR in unlicensed spectrum, when applicable, from the SMF during SM Policy Association Establishment or SM Policy Association Modification procedure.
-	The NFs generating CDRs shall include the indication that the UE is using NR in unlicensed spectrum in their CDRs.



Hence in case of UE access, the RAN may provide an indication of the unlicensed spectrum to the AMF, so that the AMF can either verify the UE access or notifies SMF accordingly. 
It is also clearly described that the dedicated TAs can be deployed to support the unlicensed access. In TS 36. 413, the RAT-Type is already included to indicate the NB-IoT access in a TAC granularity. 
[bookmark: _Toc20953825][bookmark: _Toc29391003]9.2.1.117	RAT Type
This element is provided by the eNB to inform about the RAT Type.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	RAT Type
	M
	
	ENUMERATED (NB-IOT, ...)
	



So in order to support the NR-U, the similar design can be reused for NG interface, i.e. the RAT type is included in the NG SETUP REQUEST and RAN CONFIGURATION UPDATE messges to TS 38.413
Meanwhile for S1AP, there is no need to include unlicensed access since the LTE do not support the unlicensed access yet. 
The RAT Type indicating the unlicensed access per TAC should be added over NG Setup Request and RAN CONFIGURATION UPDATE messges to TS 38.413.  

3.2 Mobility Restriction List
The following related to the restrict the use of NR-U is excepted from the TS 23. 501 
	For either case the serving PLMN can enforce Access Restriction for Unlicensed Spectrum (either signalled from the UDM, or, locally generated by VPLMN policy in the AMF) with the following:
-	To restrict the use of NR in unlicensed spectrum as primary RAT, the AMF rejects the UE Registration procedure with appropriate cause code defined in TS 24.501 [47] if the UE performs initial access from NR using unlicensed spectrum. If the UE is accessing through some other allowed RAT, the AMF signals this access restriction to NG-RAN as part of Mobility Restriction List. 
-	To restrict the use of use of unlicensed spectrum with NR or E-UTRA as secondary RAT using Dual Connectivity or Carrier Aggregation Architecture (CA) defined in TS 38.300 [27] and TS 36.300 [30], the AMF signals this access restriction to NG-RAN as part of Mobility Restriction List. 




It can be observed that for the UE initial access, the AMF may provide NR-U as the primary RAT restriction to the NG-RAN in the MRL if the UE access the network via the unlicensed spectrum. But it may need to further discuss whether to allow E-UTRA-U as the primary RAT restriction as well. 
Also in order to support MR-DC scenario, the AMF provides the NR-U or E-UTRA-U as the secondary RAT restriction to the NR-RAN node in the MRL. For example, 
· For NGEN-DC, the ng-eNB may not add the gNB as the SN if the gNB operates at the unlicensed spectrum. 
· For NE-DC, the s-ng-eNB as the SN may not enable the LAA operation. 
Generally there are two possible alternatives to indicate the NR-U restriction in MRL for 5GS system. 
· Option 1: via forbidden TAC
This is to implicitly use the forbidden TAC in the Forbidden Area Information as NR-U restriction so that the NG-RAN can be aware of the NR-U restriction information. No new signalling is needed. 
· Option 2: add NR-U in the RAT Restrictions (including both the restriction for primary RAT and secondary RAT)
In this option, the NR-U is explicitly included in the NR restrictions. This is pretty clear but with more additional signalings. 
Both opitons could work. Option 2 is slightly preferred to allow more flexible, and allow future proof benefits. 
The NR-U restriction for primary RAT is added in MRL for TS 38.413 and TS 38.423. It can further discuss whether to introduce the e-URAT-U restriction for primary RAT. 
The NR-U and E-UTRA-U restriction for secondary RAT are added in MRL for TS 38.413 and TS 38.423. 

In addition, for EPC system, the NR-U is already included in the TS 23. 401 as follows. Hence in order to support the NR-U in ENDC as secondary RAT, the NR-U restriction should be included in the TS 36. 413, and forwarded in TS 36. 423 during handover procedure. 
	[bookmark: _Toc19171845][bookmark: _Toc27844130]4.3.30	Unlicensed spectrum aggregation (LAA/LWA/LWIP/NR-U)
Unlicensed spectrum aggregation in EPS can use either LTE Licensed-Assisted Access (LAA) that is using the Carrier Aggregation (CA) RAN configuration defined in TS 36.300 [5], or LWA/LWIP aggregation using WLAN or NR-U as secondary RAT that is using the Dual Connectivity architecture defined in clause 4.3.2a and TS 36.300 [5].
If the UE has Access Restriction for Unlicensed Spectrum in the form of LAA, LWA/LWIP, or NR-U (either signalled from the HSS, or, locally generated by VPLMN policy in the MME) the MME signals this to the E-UTRAN as part of Handover Restriction List.
An eNB supporting aggregation with unlicensed spectrum in the form of LAA, LWA/LWIP, or NR-U checks whether the UE is allowed to use unlicensed spectrum. If the UE is not allowed to use Unlicensed Spectrum, the eNB shall not establish dual connectivity or carrier aggregation (CA) with LTE in unlicensed spectrum in the form of LAA, WLAN as a secondary RAT in the form of LWA/LWIP, or NR-U as a secondary RAT.




The NR-U restriction is added in MRL for TS 36.413 and TS 36.423. 

2.3 Secondary RAT Usage Data Report
As captured in TS 23. 501, the data volumes for the unlicensed spectrum should be provided to the 5GC for charging purpose.  
		The activation can happen separately for Data Volume Reporting of NR in licensed or unlicensed spectrum and E-UTRA in licensed or unlicensed spectrum. If the PLMN uses this feature, it should ensure that this functionality is supported by all NG-RAN nodes that support NR or E-UTRA as a Secondary RAT.
b)	Depending on its configuration the NG-RAN reports uplink and downlink data volumes to the 5GC for the Secondary RAT (including the using of unlicensed spectrum for NR or E-UTRA) for the PDU Session or for selected QoS flows or both and per time interval.



It can be observed that for 5GS system, the secondary RAT usage can include either NR-U or E-URTA-U. 
· The NR-U data usage can be reported when the SN is a sgNB. 
· The E-URAT-U data usage can be reported when the SN is an s-ng-eNB. 
For EPC system, the Secondary RAT Type indicating the unlicensed is already included in S1AP and X2Aps. Hence no change is needed. 

The NR-U and eURTA-U should be included in the RAT Type of the Secondary RAT Usage Information for TS 38.413 and TS 38.423. 
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This contribution discusses the RAN impact to support the NR-U. Based on the discussion in this paper, the following proposals are proposed. 
1. [bookmark: _Toc423020280]The RAT Type indicating the unlicensed access per TAC should be added over NG Setup Request and RAN CONFIGURATION UPDATE messges to TS 38.413.  
The NR-U restriction for primary RAT is added in MRL for TS 38.413 and TS 38.423. It can further discuss whether to introduce the e-URAT-U restriction for primary RAT. 
The NR-U and E-UTRA-U restriction for secondary RAT are added in MRL for TS 38.413 and TS 38.423. 
The NR-U restriction is added in MRL for TS 36.413 and TS 36.423. 
The NR-U and eURTA-U should be included in the RAT Type of the Secondary RAT Usage Information for TS 38.413 and TS 38.423. 
The CRs are provide in the [3-6]. 

4. Reference
[1] R2-1911533, LS on System Impacts of NR-U, RAN2.
[2] R2-1914520	Running Stage-2 CR for NR-U	Qualcomm Incorporated	
[3] R3-200666	Signalling support of NR-U	for 38.413
[4] R3-200667	Signalling support of NR-U	for 38.423
[5] [bookmark: _GoBack]R3-200668	Signalling support of NR-U	for 36.413
[6] R3-200669	Signalling support of NR-U	for 36.423
