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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   Overview
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. In this paper, we indicate some of the issues relevant for operation of unlicensed carrier as PSCell (for EN-DC and NR-NR DC). 
For Rel-15 EN-DC many control plane issues were discussed which had impacts on LTE operation, some of the issues are summarized below:

1) RRM framework (Measurement object and events definition, measurement reporting, inter-node measurement coordination)
2) RLM framework (RLF detection criteria for SCG, SCG failure actions)

3) MN initiated SCG Mobility (For load balancing or MN handover or initial SCG addition)

4) SN initiated SCG Mobility (Mobility based on RRM measurements and inter-node coordination with MN)

5) UE capability coordination (Baseband capability, band combinations, UE buffer coordination)
6) Bearer Management (Support for unified bearer, bearer mobility)
7) Support for SRB3 (Configuration of SRB3 and RRC message routing)
8) Duplication of split SRB (Configuration and RRC message routing)
9) Bandwidth part operation (BWP configuration, BWP switching, measurements)
It is imperative that operation for NR in unlicensed spectrum may lead to enhancements/modifications to the above mentioned procedures. However, it needs to be emphasized that which procedures should be discussed in priority for the study item.

2.2   RRM/RLM

LTE LAA discussed measurements for unlicensed carrier, however the study only discussed the cases for SCell addition/modification/release. Hence, we may reuse the principles discussed for LTE LAA but we need to extend the framework considering new deployment scenarios being considered for NR unlicensed operation.

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) for beamforming operation 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. 
Observation 1 RRM framework can be enhanced considering LBT operation for beam forming 
Radio Link Failure detection in NR is based on out-of-sync and in-sync indications from lower layer. RRC layers expects these indications to be provided regularly to monitor the status of the link. These indications are based on the quality of the RLM RS (CSI-RS or SSB) configured to the UE. However, due to LBT operation the presence of these RLM RS signals cannot be guaranteed by the gNB to the UE. Therefore, UE may not be able to perform frequent measurements of RLM RS and resulting in irregular in-sync and out-of-sync indications to higher layers. For example, if may be the scenario that after triggering of T310 timer, UE may not get sufficient number of RLM RS measurements resulting in T310 expiry and subsequent radio link failure, irrespective of actual quality of the link.
Observation 2 RLF detection procedure may be impacted due to delayed radio link indications from lower layer
However, RRM/RLM issues are expected to be discussed initially in the study item irrespective of the deployment scenario (i.e. standalone NR-U or non-standalone NR-U). Hence, the specific LTE RRC changes to address the above issues can only be identified after basic framework/enhancements are defined for RRM/RLM for unlicensed operation.
Proposal 1: RAN2 to discuss LTE RRC impacts due to RRM and RLM for NR-U operation after common framework for RRM and RLM are fixed
2.3   RRC Message Routing

Signaling Radio Bearer-3 (SRB3) has been introduced for EN-DC operation given the motivation of reduced latency for transmission of measurement reports/reconfiguration messages directly to SgNB. However, the applicability of same is not clear for unlicensed operation given that higher delays are expected to acquire/reserve the channel for RRC message transmission. Based on the inference, SRB3 may not be suitable for the scenarios with congested unlicensed carriers. However, based on network preference it is still possible to operate SRB3 based RRC message routing for unlicensed carriers with low congestion.

Proposal 2: Discuss the applicability for SRB3 based RRC message routing for NR unlicensed operation

2.4   Mobility

Operation in unlicensed carrier is expected in incur unnecessary delays for different control plane procedures (e.g. connection establishment, handover) however, the same procedures can potentially be adapted to work for unlicensed by modifying the configurational parameters (e.g. extension of T304 timer). We don’t currently see the need to study the mobility procedures including SCG addition/modification/release during the study item phase.

Proposal 3: No procedural changes are required for SCG mobility (i.e. SCG addition/modification/release) for NR unlicensed operation

2.5   Bandwidth Part Operation
For EN-DC, RAN2 discussed various aspects of bandwidth part operation including bandwidth parts RRC configuration, switching operation and measurements. RAN1 has been actively discussing bandwidth part operation considering bandwidth part comprising of multiple unlicensed sub-bands. If bandwidth part operation is accepted to be studied by RAN1, then some changes are expected to be reflected in the RRC configuration or measurements of bandwidth parts considering LBT operation employed.

Observation 3 Bandwidth part configuration and measurements may be impacted for unlicensed operation subject to RAN1 agreements to support bandwidth part operation
3   Conclusion
Following observations and proposals are made in this paper:
Observation 1
RRM framework can be enhanced considering LBT operation for beam forming
Observation 2
RLF detection procedure may be impacted due to delayed radio link indications from lower layer
Observation 3
Bandwidth part configuration and measurements may be impacted for unlicensed operation subject to RAN1 agreements to support bandwidth part operation
Proposal 1:
RAN2 to discuss LTE RRC impacts due to RRM and RLM for NR-U operation after common framework for RRM and RLM are fixed
Proposal 2:
Discuss the applicability for SRB3 based RRC message routing for NR unlicensed operation
Proposal 3:
No procedural changes are required for SCG mobility (i.e. SCG addition/modification/release) for NR unlicensed operation
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