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1. Introduction

As the licensed spectrum enters its next phase of evolution with the study of a wider bandwidth waveform under the NR project, it is also time to incorporate those lessons into the evolution of the unlicensed spectrum. We call this “NR-based access to unlicensed spectrum”. So, NR-U study item has been agreed in RAN#77, and corresponding work has been already started in RAN1#92.

In RAN#77[1], this study item will include the following objectives

· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 

· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI

· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz

· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 

· Consider similar forward compatibility principles made in the NR WI 

· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure

· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 

· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
Meanwhile, the following conclusions have been reached in RAN1#92[2]:

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.

· 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

· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

Note (to be included in the minutes): Some companies believe that a prioritization among the agreed deployment scenarios may be necessary.
In this paper we provide an overview of the study item and generic remarks related to impacts of NR-U to RAN2.

2. Architectural scenarios
The deployment scenarios to consider have already been discussed in RAN1 and it was agreed to consider the following cases:

· CA between NR licensed cell and NR unlicensed cell

· DC (with LTE and with NR)

· SA

· An NR cell with DL in unlicensed band and UL in licensed band
Therefore, we categorize the architectural scenarios as below. 
· Carrier aggregation
Due to the flexible design of NR, NR-U LAA can use NR CA as a baseline. Since PHY has to introduce LBT mechanism for NR-U, RAN2 should make some enhancements to incorporate LBT based on NR CA.

Furthermore, for the sake of flexible deployment, the antenna belonging to SCells in unlicensed spectrum can be located in different places. So multiple TA groups should be supported. And considering that both transmissions of UL grant and UL data need LBT when using unlicensed band, it is reasonable to adopt UL cross-carrier scheduling for NR-U via NR licensed band to avoid LBT for transmission of UL grant..
Proposal 1: NR-U LAA should make some additional enhancements based on NR-CA such as UL cross-carrier scheduling solution.
· Dual connectivity
EN-DC can be used as a baseline for ENU-DC. However, research for NNU-DC should follow the NR-NR DC.

The transmission in unlicensed spectrum is easy to be blocked by LBT failures especially in dense scenarios and be interfered or collided due to hidden node issues.  It is beneficial and vital for ENU-DC or NNU-DC to support flexible bearer change together with continuity of services.

In addition, data packet transmission with uplink grant cannot be guaranteed due to LBT failures in unlicensed spectrum. It is essential to consider how to flexibly distribute data packets between unlicensed and licensed spectrum and re-route data packets when blockage happens in unlicensed spectrum for quick (re)transmission. 

Proposal 2:  The research on dual connectivity should make specific considerations for NR-U such as flexible packet distribution mechanism.

· Stand-alone
It is obvious that NR SA can be used as baseline for NR-U SA.

In an early stage, Stand-alone cell in unlicensed spectrum may only serve customers having specific service requirements. In other words, the gNB in licensed spectrum and gNB in unlicensed spectrum can offer differentiated service. The gNB can broadcast some information about S-NSSAI, access class to allow the UE with specific service to access.
An NR cell with DL in unlicensed band and UL in licensed bandThe functions supported by an NR cell with DL in unlicensed band and UL in licensed band is similar to the NR-U SA.
3. Impacts of NR-U

In conclusion, considering that LBT will brings with problems, such as discontinuous transmission, carrier selection, in order to supporting above architectural scenarios, some functions in NR-U needs to be studied.

	NR-U functions
	CA
	DC
	SA

	RACH
	optional
	√
	√

	System Information
	
	
	√

	Paging
	
	
	√

	RLM/RLF
	
	√
	√

	Mobility
	Cell selection
	
	
	√

	
	Handover
	
	
	√

	
	SN operation
	
	√
	

	
	SCell operation
	√
	
	

	RRM Measurement
	√
	√
	√

	IDC
	√
	√
	√


3.1. RACH
Although some agreements have been reached for contention free RACH in R14, in order to meet the requirements for high frequency band and faster processing, RACH has been accordingly updated in NR. Hence, we should also reconsider the contention free RACH for NR-U.

Meanwhile, the contention based RACH is still under discussion in NR. According to [3], due to LBT and contention inevitable for every step during RACH, it is very challenging for contention based RACH to complete the fast access to the cell, and some enhancements are essential to reach the goal.

Proposal 3: RAN2 can discuss some enhancements on RACH for NR-U.

3.2. System Information
For ENU-DC or NNU-DC scenario, system information related to unlicensed band can be provided for the UE by dedicated RRC signaling via the licensed spectrum. For NR-U SA scenario, system information should be broadcast on the unlicensed spectrum. However, if SSB transmission fails due to LBT failure, it will lead to SI detection failure for UE due to missing the CORSET configuration for SI. Furthermore, if SI transmission fails due to LBT failure, UE has to wait for the next SI occasion, which causes delay of SI detection. While, RAN1 is working on the solution of increasing transmission occasions for SSB and RMSI. Hence, RAN2 can follow the RAN1 discussion and consider the effect to RAN2.

Proposal 4: RAN2 can consider the enhancements of system information on NR-U based on RAN1.
3.3. Paging
UE only monitors paging within the specific paging occasion. If LBT failure, UE has to wait for the next PO, which brings delay. In general, some solutions might be to increase the transmission occasions of paging, such as extending the number or the duration of PO with minor tradeoff of power consumptions for the UE.
 Proposal 5:  RAN2 can take LBT failure into account on paging occasion for NR-U.

3.4. Mobility  
Cell selection

According to [4], when UE is within the coverage of multiple cells (licensed/unlicensed), not only the signal quality of the cell but also the interference level and channel access probability on a carrier are important factors. Furthermore, factors such as priority among cells of unlicensed and licensed spectrum should also be considered as one of cell selection/reselection criteria.

So, cell selection/reselection criteria suitable for flexible mobility scenarios should take into account the factors related to both unlicensed and licensed spectrum.

Proposal 6:  Cell selection/reselection criteria suitable for flexible mobility scenarios can take into account factors related to both unlicensed and licensed spectrum.
Handover

Several types of handover might be considered to support: 

· Case 1:handover between NR-U and NR-U

· Case 1-1: intra-frequency handover between NR-U and NR-U 
· Important to keep connection when UE moves
· Case 1-2: inter-frequency handover between NR-U and NR-U
· DFS and carrier selection are main triggers
· Case 2: handover between NR-U and NR.
· Discontinuous coverage of NR-U may cause the handover between NR-U and NR

· Case 3: handover between NR-U and LTE.
· integration between E-UTRAN, NG RAN and 5G CN architecture deserves to be discussed at first
Some issues might be considered. For case1-1, intra-frequency handover might encounter more collisions and lower channel access probability for UE at the cell edge in unlicensed spectrum. For case 1-2, inter-frequency handover might take more time to complete. In general, it needs more enhancements to ensure handover performance such as latency, continuity and reliability due to the contention in unlicensed spectrum.
Proposal 7: Handover between NR-U and NR-U and between NR-U and NR can have a higher priority to study in NR-U.
SN operation
For NR-NR-U DC, besides the SN operation triggered by UE mobility, SN operation is also mostly triggered due to DFS or carrier selection caused by hidden node issues and low channel access probability. The procedure of SN initiated SN change, PSCell change and SN Modification happens more frequently due to above triggers.  For this reason, a fast and lossless procedure should be studied.
3.5. RLM/RLF
The RLF mechanism helps UE to recognize poor channel quality, and then to get recovered from the connection failure as soon as possible. RLF is mandatory for PCell and PSCell.
Given that RLM-RS may be blocked by LBT failure, and the interference fluctuates, the situations to be investigated are as below:

· Case1: a few RLM-RS is blocked by LBT within an evaluation period

· Case2: most of  RLM-RSs are blocked by LBT within an evaluation period

· Case3: Only the occasion for RLM-RS is blocked 

.If all LBT failures are treated as radio link failures then some fake RLF will be triggered which in turn triggers unnecessary RLC reestablishment procedure. 

In addition, if RLM-RSs cannot be transmitted due to LBT failures, lots of UEs in the cell may trigger RLF simultaneously, which may cause “signaling storm” issue. Hence, the issues related to RLF become more complicated in unlicensed spectrum. It is necessary to optimize the procedure. 

Proposal 8:  RAN2 can discuss the issues and optimization regarding to RLM/RLF.

4. Miscellaneous aspects
4.1. Measurements
In R13, two measurements RSSI and channel occupancy are introduced for carrier selection. 

RSSI measurements would reveal how strong the interference would be for UE at a carrier. And this information is useful to judge whether a UE is expected to be interfered by hidden nodes. Channel occupancy would disclose how often the strong interference would be for UE at a carrier. And this information is useful to judge whether the UE is expected to be able to access the channel.

For the same reason, RSSI and channel occupancy can also be used for carrier selection in NR-U, for example, SN operation, handover. 

And in R13, only periodical reporting is supported. In NR-U, more timely and accurate measurement report may be necessary to meet the mobility requirements in DC and SA scenarios. RAN2 should discuss whether periodical reporting is enough.

Proposal 9:  RSSI and channel occupancy measurements can be considered for NR-U.

4.2. IDC

Similar to LTE based-LAA, due to the deployment of NR-U and WiFi in the same band, a transmission in one radio may cause IDC problems on another radio. NR-U and WiFi may share a common RF. So, in-device coexistence (IDC) issues is still a big issue.

The existing IDC solution can indicate interference problems for cases where the UE (intends to) uses WiFi on the same or adjacent carrier to the NR-U carrier. RRC procedure like InDeviceCoexIndication already ensures this. 

For NR based-LAA using CA and stand-alone scenarios, the existing IDC solutions can be reused. For NR based-LAA using DC, these solutions may also work, but the interaction between the licensed and unlicensed spectrum should be further studied.

Proposal 10: The existing IDC solutions can be considered as starting point for NR-U.

5. Conclusion

Proposal 1: NR-U LAA should make some additional enhancements based on NR-CA such as UL cross-carrier scheduling solution.
Proposal 2:  The research on dual connectivity should make specific considerations for NR-U such as flexibly distribute mechanism.

Proposal 3: RAN2 can discuss some enhancements on RACH for NR-U.

Proposal 4: RAN2 can consider the enhancements of system information on NR-U based on the RAN1.

 Proposal 5:  Taking the LBT failure into account on paging occasion for NR-U.

Proposal 6:  Cell selection/reselection criteria suitable for flexible mobility scenarios can take into account factors related to both unlicensed and licensed spectrum.

Proposal 7: Handover between NR-U and NR-U and between NR-U and NR can have a higher priority to study in NR-U.

Proposal 8:  RAN2 can discuss the issues and optimization regarding to RLM/RLF.

Proposal 9:  RSSI and channel occupancy measurements can be considered for NR-U.
Proposal 10: The existing IDC solutions can be considered as starting point for NR-U.
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