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1   Introduction

In RAN#77, proposal for unlicensed operation using NR access was approved as a Rel-16 study item led by RAN1 [1]. The study item considers NR unlicensed operation on both sub-6GHz and above-6GHz unlicensed bands and aims to maximize the reuse of NR Rel-15 procedures. Also, the study is expected to take into account different deployment scenarios including NR-LAA cell anchored to a legacy LTE carrier by dual-connectivity (DC) similar to the NSA mode of regular NR operation, as well as CA based aggregation with a 5G NR anchor. Further, the study item description considers to find solutions for standalone operation of NR in unlicensed spectrum at initial stage.
In accordance with the above requirements, RAN1 made following agreements in RAN1#92 [2]:
Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).

· FFS: The definition of the frequency ranges

· Note: Optimizations for a particular frequency band may be necessary.

· Note: Channel bandwidths below 5 MHz are not targeted

· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.

· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.

· The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands.

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)

Agreement:
· From RAN1 design perspective, the study is not limited to a particular unlicensed band

· Note: This does not have any implications on prioritizations between unlicensed bands

· Note: The study does not target sub-1GHz unlicensed bands

In this paper, we discuss the high level RAN2 procedural issues which needs to be prioritized in the NR unlicensed study item.

2   Discussion
2.1   Control Plane
Operation in unlicensed spectrum requires usage of Listen Before Talk (LBT) prior to each transmission burst, which brings additional latency (due to time taken for LBT success) and unreliability (due to possible LBT failure). The impact of the same could be apparent in control plane procedures especially during initial access (SI acquisition, RACH) and mobility procedures (cell reselection, handover). Given that LTE LAA primarily studied the control plane procedures applicable for secondary cell operation, impact on many of the control plane procedures (specific to standalone operation) due to LBT were not considered in detail. Since, NR unlicensed operation needs to consider both non-standalone as well as standalone deployment, RAN2 needs to study the impact of LBT on control plane procedures specific to NR standalone operation e.g. system information acquisition, paging, handover, cell reselection, radio link monitoring, etc. 

Proposal 1: RAN2 to study impacts of LBT on following control plane procedures
1) Idle mode mobility (Cell selection and reselection)
2) Paging transmission/reception
3) Initial access procedures including system information acquisition 
4) Radio link monitoring
5) Handover from/to unlicensed carrier
6) Connection re-establishment 
One of the objectives of the NR unlicensed study item is to consider both sub-6GHz and above-6GHz band operation. Operation in above-6GHz may require additional enhancements (as compared to LTE LAA) considering beamforming operation and reliable transmissions e.g. directional LBT for channel access which is being discussed in RAN1, repetition of SS blocks and/or CSI-RS transmissions. Such enhancements can potentially lead to changes in the SS block and/or CSI-RS transmission framework which may impact the RAN2 design of RRM/RLM measurements and reporting. However, the RAN2 enhancements for RRM/RLM can be discussed after RAN1 design on SS/CSI-RS transmission framework becomes clear.
Observation 1 RRM/RLM procedures may be impacted considering RAN1 enhancements of synchronization signals and CSI-RS for unlicensed operation
2.2   User Plane

LTE LAA design included several user plane enhancements e.g. multi-subframe scheduling, multi-stage grant, cross-carrier HARQ operation, autonomous uplink transmission. Most of the procedures try to improve reliability of control signals by transmitting DCI, ACK/NACK using licensed PCell or improve unlicensed resource utilization by bundling uplink transmissions on unlicensed carrier. Some other uplink channels e.g. RACH, PUCCH were deprioritized owing to complexity to support the channels on the unlicensed carrier. Since, an NR cell can potentially operate on unlicensed band as PCell, we need to consider impact on user plane procedures assuming transmission/reception of all messages (control and data) using unlicensed carrier.
We consider significant impacts on random access procedure due to operation in unlicensed carrier. At minimum, operation on unlicensed carrier is expected to introduce increased latencies for random access messages due to LBT procedure. At worst, failure of a random access attempt can occur solely due to LBT failure from network (e.g. LBT failure during Msg-2/Msg-4 transmission) or UE side (e.g. LBT failure during Msg-1/Msg-3 transmission). It needs to be studied whether random access attempt failure due to LBT failure should be handled any differently than random access failure due to deteriorating radio link conditions.
Proposal 2: RAN2 to study random access procedure enhancements considering failure/delay to access unlicensed channel
Autonomous uplink transmission was introduced in LTE LAA to reduce signaling overhead load on unlicensed carrier due to SR, BSR, DCI transmissions. In autonomous transmission, UE can be configured with a periodic uplink grant (similar SPS) where each such occasion can have bundled HARQ transmissions. Similar procedure can be useful for NR unlicensed operation to reduce overall congestion in the unlicensed carrier. Note that, the feature can either be part of existing NR configured grant framework (e.g. by defining Type-3 configured grant) or can be designed as a new MAC procedure depending on the design adopted by RAN1 (if feature is agreed to be supported by RAN1).
Proposal 3: From RAN2 perspective, support of configured uplink grant can be useful to reduce signaling overhead on the unlicensed carrier
3   Conclusion
Following observations and proposals are made in this paper:
Proposal 1:
RAN2 to study impacts of LBT on following control plane procedures
1) Idle mode mobility (Cell selection and reselection)
2) Paging transmission/reception
3) Initial access procedures including system information acquisition 
4) Radio link monitoring
5) Handover from/to unlicensed carrier
6) Connection re-establishment
Proposal 2:
RAN2 to study random access procedure enhancements considering failure/delay to access unlicensed channel
Proposal 3:
From RAN2 perspective, support of configured uplink grant can be useful to reduce signaling overhead on the unlicensed carrier
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