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1	Introduction
The study item on NR-based access to unlicensed spectrum was approved at RAN#75 [1]. The work started in RAN1#92. The target of this contribution is to identify the areas requiring work in RAN2, and more specifically, to identify the topics where RAN2 can start discussions during the study item phase without additional input from RAN1.
2	Deployment scenarios
NR-U deployment scenarios have already been discussed in RAN1#92, with the following agreements:
Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

The following deployments scenarios are used as baseline for discussion in the remainder of this contribution, as they are representative of the deployment scenarios agreed by RAN1:
· Non-standalone (NSA) NR-U
· Carrier Aggregation (CA)
· NR PCell + NR-U SCell(s) 
· E-UTRA-New Radio Dual connectivity (EN-DC-U)
· LTE PCell + NR-U PSCell
· NR Dual connectivity (NR-DC-U)
· NR (PCell) and NR-U (PSCell)
· Standalone (SA) NR-U
3	Areas with no/limited impact from RAN1
In this section we present and shortly discuss the RAN2 areas impacted by NR operation in unlicensed spectrum, and for which work could in principle start in RAN2 without additional input from RAN1.
3.1	Random Access Procedure 
As baseline assumption, the same random access (RA) procedure as it was standardized for NR in Rel-15 should also be adopted for operation in unlicensed spectrum. RAN2 should also discuss possible changes to the RA procedure due to the unpredictability introduced by LBT. For example:
· Extension of the RA response (RAR) window to accommodate for delays due to LBT
· Increase of the RA preamble counter (and associated power ramping) is conditional on successful LBT
The RA procedure on an unlicensed cell may be applicable to EN-DC-U, NR-DC-U and SA deployment scenarios. 
3.2	Transmission of system information
Transmission of system information in unlicensed spectrum is also subject to clear channel assessment using LBT. This limits the chances for the gNB to signal the RMSI, with potential impacts on the system performance. Though transmission of system information has some dependencies to the NR-U discovery reference signal (DRS) design to be discussed in RAN1, RAN2 could start discussion on whether the system information scheduling window in NR is large enough to accommodate for multiple transmission opportunities in case of LBT failures. 
The content of the system information may also require modifications to allow operation in unlicensed spectrum. This will most probably require discussions in RAN2. However, only in a potential work item phase and after receiving necessary input from RAN1.
The transmission of system information in unlicensed spectrum is applicable to SA, NR-DC-U and EN-DC-U deployment scenarios (for neighbor cell relation, in the latter cases).
3.3	Scheduling Request Procedure
Like for the RA procedure, the unpredictability introduced by LBT may eventually also impact the Scheduling Request (SR) procedure, and corresponding RAN2 specifications. For example, the SR counter and prohibit timer may need to be increased and started, respectively, only upon a successful transmission of the SR (i.e. conditionally based on successful LBT in UL). 
[bookmark: _Hlk510516908]The SR procedure on an unlicensed cell may be applicable to EN-DC-U, NR-DC-U and SA procedures.
3.4	Radio Link Monitoring and Radio Link failure
[bookmark: _Hlk510528052]As there is no cell-specific reference signal (CRS) in NR, a specific reference signal (RS) for radio link monitoring (RLM) purposes are introduced. When considering operation in unlicensed spectrum, the transmission of RLM-RS is also conditional on successful LBT. The resulting unpredictability in the transmission of RLM-RS on RLM/RLF procedures needs to be considered. 
The RLM/RLF procedure is applicable to SA, NR-DC-U and EN-DC-U deployment scenarios (for secondary RLM, in the latter cases).
3.5	Paging
Due to the uncertainty introduced by LBT, the gNB may not be able to page the UE in the paging occasion, with potential impacts on the performance of NR-U. RAN2 should discuss possible enhancements to provide extended paging occasion for the gNB, without severely impacting the UE power consumption. 
The paging procedure in unlicensed spectrum is only applicable to the SA deployment scenario.
4	Areas impacted by RAN1 discussion/decisions
In this section we present and shortly discuss the RAN2 areas impacted by operation in unlicensed spectrum, and for which work cannot be started in RAN2 without additional input from RAN1.
4.1	Mobility & RRM measurements
NR introduces the concept of SSB block based RRM measurement timing configuration (SMTC) for SSB-based measurements. The SMTC is a timing configuration where the UE is configured to perform SSB-based RRM measurements. The NR SMTC framework presents several similarities with the LAA DMTC framework, which was introduced in Rel-13 LAA to handle the time unpredictability in the transmission of DRS for the purpose (among others) of performing RRM measurements. 

We expect that the NR SMTC framework can be largely reused in NR-U to handle the uncertainty introduced by LBT on the transmission of reference signals for mobility and RRM purposes. However, some modifications to (and/or extensions of) such SMTC framework may be needed. For example:

· A new set of SMTC window durations and/or SMTC periodicities may need to be defined for operation in unlicensed spectrum.
· The SMTC framework may need to be extended to also cover CSI-RS-based RRM measurements, and not only SSB-based RRM measurements.
· The SMTC framework may need modifications to enable the UE to detect and measure unsynchronized NR-U cells. This is especially true for RRM measurements requiring measurement gaps, and in cases the minimum DRS periodicity in an NR-U cell is larger than the maximum SMTC window and/or measurement gap durations that the UE can be configured with.
However, these modifications and/or extensions may depend on the specific NR-U DRS design agreed in RAN1, as well as on whether the RRM measurements need be performed only on synchronized cells (CA scenario), or on both synchronized and unsynchronized cells (SA, NR-DC and EN-DC scenarios). 

Similar considerations apply for RRM measurements in both RRC connected mode and idle/inactive mode.

Mobility and RRM measurements in RRC connected mode are applicable to CA, EN-DC-U, NR-DC-U and SA deployment scenarios, while RRM measurements for idle mode mobility are only relevant for SA deployment scenario.
4.2	UL scheduling
Rel-14 eLAA introduces several UL scheduling enhancements impacting the MAC specifications. 
· Flexible scheduling timing (including the possibility to receive multiple UL grants in one slot, scheduling UL transmissions with different timing offsets)
· Multi-slot/subframe scheduling
· 2-stage scheduling. 
The first two enhancements are likely be supported in the baseline Rel-15 NR specifications. 2-stage scheduling, on the other hand, may not be needed in NR-U due to the much faster turn-around times in NR as compared to LTE. In any case, potential UL scheduling enhancements as compared to Rel-15 NR baseline specifications are first to be discussed in RAN1, and only after that, impacts on RAN2 specifications should be discussed.
UL scheduling enhancements (if any) are expected to be relevant for CA, EN-DC-U, NR-DC-U and SA deployment scenarios.
4.3 	UL grant-free 
NR introduces support of UL grant-free transmission in the baseline Rel-15 specifications. As feLAA also introduces support for autonomous UL (AUL) in Rel-15, it is expected that UL grant-free transmission will also be supported in NR-U. This may eventually impact the RAN2 specifications, including: 
· HARQ operation for UL grant-free transmissions in unlicensed spectrum
· Multiplexing and configuration of LBT channel access priority classes for UL grant-free transmissions
· geNB operation with UL acquired transmission opportunity
However, also these items first need to be discussed in RAN1, before any discussion can start in RAN2.
As for UL scheduling enhancements, UL grant-free operation in unlicensed spectrum is also applicable to CA, EN-DC-U, NR-DC-U and SA deployment scenarios.
6	Summary and Conclusions
In this contribution we provided an overview of the RAN2 areas impacted by NR operation in unlicensed spectrum. We discussed the relevance of each item on the most representative NR-U deployment scenarios agreed in RAN1. We also provided our considerations on the areas that require further discussions and agreement in RAN1, as opposite to the areas where RAN2 can in principle start the work with no (or limited) additional input from RAN1. The analysis is summarized in Table 1. 
Table 1: List of RAN2 areas/topics impacted by the NR-U SI, including considerations on their applicability to the NR-U deployment scenarios, as well as on their interdependency with RAN1  
	
	Deployment scenario

	Topic
	Require more input from RAN1
	CA
	EN-DC-U/
NR-DC-U
	SA

	Random Access
	No
	
	x
	x

	Transmission of system information
	No
	
	x (for ANR)
	x

	Scheduling request
	No
	
	x
	x

	RLM/RLF
	No
	
	x
	x

	Paging
	No
	
	
	x

	Mobility and RRM measurements
	RRC connected
	Yes
	x
	x
	x

	
	Idle / Inactive
	Yes
	x
	
	x

	UL scheduling
	Yes
	x
	x
	x

	UL grant-free
	Yes
	x
	x
	x



Table 1 shows how from RAN2 perspective there is little difference between support of EN-DC-U, NR-DC-U and SA deployment scenarios. We therefore propose to progress RAN2 work with the target of supporting both CA, EN-DC-U, NR-DC-U and SA deployment scenarios on the areas that require no or limited input from RAN1. 
[bookmark: _GoBack]Proposal 1: Progress RAN2 work on NR-U with the target of supporting CA, EN-DC-U, NR-DC-U and SA deployment scenarios.
Proposal 2: RAN2 first focuses on the following areas:
· RA procedure
· Transmission of system information
· SR procedure
· RLM/RLF 
· Paging
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