3GPP TSG-RAN WG2 Meeting #101bis













R2-1804348
Sanya, China, 16th - 20th April 2018

Agenda Item:

    11.2
Source: 
ZTE, Sanechips

Title: 
Overview of possible NR-U impact to RAN2

Document for:
Discussion and Decision
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; 
 The study item will address the following architectural scenarios (RAN2): 

· An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum

· The study assumes the techniques for linking between Pcell (LTE or NR licensed CC) and Scell (NR unlicensed CCs) according to the NR WI

· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network with priority on frequency bands above 6GHz, e.g., for private network deployments; 

· Study how to ensure from a RAN level that connection and security management can be integrated with the E-UTRAN, NG RAN and 5G CN architecture, including service continuity requirements for users moving between cells of licensed and unlicensed frequency bands, liaising with SA2 as required

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
According to the agreements in RAN1, unlicensed spectrum plays a role in deployment scenarios as SCell, PSCell and PCell. Therefore, we categorize the architectural scenarios as below. 
2.1. Carrier aggregation
Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

Since LTE carrier aggregation and NR carrier aggregation have common architecture, the architecture for NR-based LAA using CA and LTE-based LAA using CA is similar.

Besides, NR-based LAA will face similar issues as LTE-based LAA in unlicensed spectrum. LTE-based LAA using CA has provided some solutions in unlicensed spectrum in R13, R14 and R15, such as measurement, DRX, HARQ, QoS, AUL, and IDC. These solutions could be updated based on NR numerology and be applicable for NR-based LAA using CA. In general, LTE-based LAA using CA is the baseline for NR-based LAA using 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 the SCell with NR-U opportunistically occupies channel due to LBT, PDCP duplication solution having been adopted for NR CA can also be considered in order to strengthen the reliability of transmission using NR-U. 
NR-U SCell may have both DL and UL, or DL-only

In R13, the work item only specifies support for LAA SCells for DL transmissions only. In R14, the work item targets to support for UL carrier aggregation for LAA SCell(s) with one or more UL carriers in unlicensed band. Therefore, the existing architecture of LTE-based LAA using CA has already supported the SCell with both DL and UL or DL-only. 

Proposal 1: LTE-based LAA using CA can be considered as a baseline for NR-based LAA using CA, with additional enhancements such as multiple TA groups, PDCP duplication solution.
2.2. Dual connectivity
Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

As a guidance from RP-180554 in RAN#79 [3], NR-NR DC is considered to be added to the late drop at RAN#80. In the view of compatibility, the research on NR-NR-U DC should follow the NR-NR DC.

Transmission on NR-U can realize offloading and frequency diversity gain with less cost in unlicensed spectrum. However using unlicensed spectrum has its challenges too. 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 NR-NR-U DC to support flexible bearer change together with continuity of services.

 In addition, data packets cannot be guaranteed to be transmitted due to LBT failures in unlicensed spectrum, even though an uplink grant can be used as in licensed spectrum. It is essential to consider how to flexibly distribute data packets between unlicensed and licensed spectrum and re-route data packets when blocked in unlicensed spectrum for quick (re)transmission. 
Proposal 2:  The research on NR-NR-U DC can follow NR-NR DC with specific considerations for NR-U.

2.3. Stand-alone
According to RAN1, both Stand-alone NR-U and an NR cell with DL in unlicensed band and UL in licensed band can be seen as a stand-alone scenario, which can be deployed alone and work independently without help from other nodes. 

According to [4], Stand-alone cell in unlicensed spectrum may mainly serve for eMBB. 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. This can be realized by network slicing. The gNB in unlicensed spectrum and the corresponding AMF can be deemed as a network slice, as shown in Figure 1. The gNB in licensed spectrum or unlicensed spectrum offer differentiated services via connecting to corresponding AMF. gNB can broadcast the Single Network Slice Selection Assistance information (S-NSSAI) identifying a network slice so that UE can choose proper network to access based on S-NSSAI for specific service. 
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Figure 1 Overall Architecture

Stand-alone cell in unlicensed spectrum should provide NR user plane and control plane protocol terminations towards the UE.  It is necessary to support the following features as shown in Table 1.

Table 1 RRC functions

	RRC functions
	Stand-alone

	Broadcast of System Information 
	√

	Paging
	√

	Establishment, maintenance and release of an RRC connection between the UE and NG-RAN 
	√

	Security functions 
	√

	Establishment, configuration, maintenance and release of Signalling Radio Bearers (SRBs) and Data Radio Bearers (DRBs)
	√

	mobility
	Handover
	√

	
	cell selection and reselection
	√

	
	Inter-RAT mobility
	√

	QoS management functions
	√

	measurement reporting
	√

	NAS message transfer
	√

	Detection of and recovery from radio link failure
	√


Meanwhile, the design of NR user plane targets to adapt to high frequency and wide band, which is similar to that of NR-U. However transmission in unlicensed spectrum might suffer from discontinuity and large fluctuation due to LBT mechanism. Hence, user plane design should consider the characteristics of transmission in unlicensed spectrum.

Proposal 3: RAN2 can discuss stand-alone scenarios and features for NR-U.

3. Impacts of NR-U

NR-U has a target to accomplish “a single global solution framework” with “effective and fair coexistence” among systems on unlicensed carriers. As having been considered in LTE-based LAA, the main required functionalities for NR-U are as below:

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection

RAN2 should discuss the main required functionalities of NR-U under different deployment scenarios.

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 [5], 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 4: RAN2 can discuss some enhancements on RACH for NR-U.

3.2. SRB

SRB is mandatory for standalone and optional for DC scenarios. 

SRB has strict delay requirements, which might be guaranteed by some enhancement methods such as setting the highest channel access priority class to SRB, etc. In unlicensed spectrum, if LBT succeeded, the wide bandwidth and multiple transmission occasions within the transmission duration can be utilized for RRC PDUs, with which time and frequency diversity gains can be obtained. Duplication in user plane can also be used for RRC PDUs to improve the reliability of transmissions. Besides that, abnormal conditions can trigger the exception handling procedure in RRC to ensure the robustness.

Proposal 5:  RAN2 can discuss the enhancement methods on SRB for NR-U.

3.3. Mobility  
Cell selection

According to [6], 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 8: 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. For example, measurement report for unlicensed spectrum or IDC indication from UE can be reported to SN directly.
3.4. 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 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.

4.3. DFS
In LTE based LAA using CA, cell on/off mechanism is utilized for radar avoidance. By means of deletion or deactivation of SCell, the data of bearer could continue to be transmitted in licensed spectrum without delay. For NR based LAA using CA, this mechanism can be reused. 

For NR based LAA using DC, if the unlicensed spectrum cannot be used, the data of bearer should be transferred to either the licensed spectrum or another unlicensed spectrum. The operation of SN release, SN change (SN initiated) or PSCell change (SN initiated) can realize the traffic transfer. 

For standalone, handover or redirection procedure can help UE to switch to different bands. 

However, DFS will trigger actions of all the UEs served by the unlicensed spectrum. User experience should be considered. And these can be studied on the mobility.

Proposal 11: DFS in NR-U can be studied together with mobility management.

5. Conclusion

Proposal 1: LTE-based LAA using CA can be considered as a baseline for NR-based LAA using CA, with additional enhancements such as multiple TA groups, PDCP duplication solution.
Proposal 2: The research on NR-NR-U DC can follow NR-NR DC with specific considerations for NR-U.

Proposal 3: RAN2 can discuss stand-alone scenarios and features for NR-U.

Proposal 4: RAN2 can discuss some enhancements on RACH for NR-U.

Proposal 5:  RAN2 can discuss the enhancement methods on SRB 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 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.

Proposal 11: DFS in NR-U can be studied together with mobility management.
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