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1. Introduction
RAN#71 in March 2016 approved a 5G SID [1]. One of the important objectives agreed as part of New RAT (NR) SID is to study and identify the licensed assisted operations in unlicensed band. Also, it is stated in [2] that Next Generation Radio Access Technologies should support efficient mechanisms to share the unlicensed spectrum with other IMT/Non-IMT systems. Specifically, these unlicensed spectrums include 2.4 GHz, 3.5 GHz, 5 GHz and the 60 GHz bands. In addition, it was agreed in RAN1#84bis that NR in the unlicensed spectrum should be studied with priority from a licensed assisted operation point of view. 

Therefore, in this contribution, we intend to investigate the deployment, architectural and operational aspects of licensed assisted access operations of New RAT (NR) in the unlicensed bands.
2. 	Unlicensed Spectrum Support in LTE
In Rel-13, 3GPP studied and standardized the downlink operations for LAA [2]. Several new features such as listen before talk (LBT), DMTC, flexible DRS, partial sub-frame transmission, etc. were added to support LAA. Some impacts on RRM measurements, LBT priority classes, self/cross-carrier scheduling on primary cell (Pcell) and secondary cell (Scell) were specified. Pcell is the main cell on the licensed spectrum with which user equipment (UE) communicates with the network and one or more SCells on the unlicensed bands can be allocated for supplementary operations while being assisted by Pcell. Several deployment configurations were studied in the Rel-13 study phase [3]. 
In Rel-14, eLAA work item has been approved to standardize the uplink operations in the unlicensed spectrum for LTE. When compared to Rel-13, several new changes with regards to SRS transmission, PUSCH blanking, PUSCH frame structure PRACH reliability etc. are being considered for Rel-14. While keeping these changes in purview, it is necessary to design a flexible NR system that can support the operations in the unlicensed spectrum to co-exist with various RAT’s in various unlicensed spectrums (2.4GHz, 3.5GHz, 5GHz and 60GHz) that may be allowed. 
2.1 Deployment Aspects for NR Unlicensed
As per the email discussion [5], several companies have agreed to support LTE-NR non-collocated Scenarios (i.e. 1.2 and 1.3 referring to Appendix A) for initial considerations as they are the simple and most likely use case deployment scenarios assuming both ideal and non-ideal backhaul for NR.
Further, several core network connections for tighter interworking between LTE and NR have been proposed in [5] and are open for discussion. Whether the RAN-CN interfaces consist of CP, UP or both are not yet decided. Since details of tighter interworking are not decided yet, it is good to study at first DC-like deployment based on non-ideal backhaul to support NR-LTE deployment scenarios.
Proposal 1: RAN2 should investigate the Licensed Assisted Operations including CA and DC of NR in the unlicensed spectrum with higher priority compared to the stand-alone operations in the unlicensed bands.
Irrespective of the LTE-NR deployment scenarios and the LTE-NR core network connections (that allow for tighter interworking between LTE and NR) [5], it is necessary that RAN2 identifies the definitions of the primary and secondary cells for the NR unlicensed mode of operations. Specifically, it needs to be identified which of the following configurations for NR unlicensed modes will be supported - 
a) Pcell will be on LTE licensed network and Scell(s) will be on NR unlicensed network, 
b) Pcell on NR licensed and Scell(s) on NR unlicensed,
c) Pcell on LTE licensed, Primary Secondary Cell(s) (PScell) on LTE unlicensed and Scell(s) on NR unlicensed,
d) Pcell on NR licensed, PScell(s) on LTE unlicensed and Scell(s) on NR unlicensed,
Each of the configurations above can be supported depending on whether tight interworking between LTE and NR is supported or if NR stand-alone deployments are considered. Depending on the deployment configuration(s) chosen for the NR unlicensed mode, RAN2 should take into account the various aspects of the interworking between LTE and NR. 
Observation 1: RAN2 is requested identify the impacts of the LTE-NR deployment and core network configurations on the NR Unlicensed mode of operations. RAN2 asks define the terms Pcell, Scell, PScell’s in each of the possible NR unlicensed configuration.
When Pcell and Scell may operate over different RAT(s) (refer to the configurations mentioned above), it is necessary to address the latency/ delay aspects involved in such inter-RAT operations. For instance, a flexible and scalable TTI-based frame structure design (which is already being discussed in the NR study phase [6]) should be allowed/studied for NR that can be compatible with LTE’s time scale while enabling various unlicensed mode operations such as discovery reference signalling, clear channel assessment (CCA) durations and other LBT operations etc.
Observation 2: RAN2 needs considering the delay/latency issues involved in the proposed deployment configurations for switching communication between licensed and unlicensed bands. It is also requested to study and address the frame structure design of NR for suitable co-existence with other RATs while also considering the impacts on unlicensed mode of operation. 
Observation 3: LBT behaviours are essential for the NR unlicensed mode of operations while considering the co-existence between NR-NR and NR-LTE/other RAT in unlicensed spectrum.
2.2 Spectrum Considerations and System Aspects
The potential unlicensed spectrums for study of the unlicensed operations of NR would be 2.4GHz, 3.5 GHz, 5GHz, and 60GHz. It is very likely the modus operandi of NR would be different in the bands below 6GHz and above 6GHz. While the 5G design for sub 6GHz bands of operation can heavily rely on the 4G LTE design, we assume the NR, especially when deployed in higher carrier frequencies above 6GHz, will be much more heavily relying on beam based transmissions (for both DL & UL) than the 4G LTE. This design also impacts the design of the unlicensed mode operation. In addition, we need to investigate further design considerations in addition to those for 4G LTE-LAA (Rel-13) or modified design aspects motivated by 4G LTE-LAA while keeping design commonality as much as possible between sub 6GHz and above 6GHz bands. 
Comparisons among LTE-LAA and NR sub/above 6GHz are presented in the Table 1 in terms of design considerations. Current LTE-LAA was designed mainly for coexistence with WiFi. Thus NR-unlicensed needs to support more efficient coexistence with LTE-LAA by trading off fairness and capacity maximization. If we go up above 6GHz, NR is free from coexistence with LAA since LAA does not support spectrums above 6GHz. Meanwhile there may be a coexistence issue with 60GHz WiFi (802.11ad) when 60GHz WiFi and NR above 6GHz are deployed in the same indoor place, though it is very less likely. Hidden node handling is a traditional problem to support unlicensed bands, so RSSI measurement-based handling was agreed as sole solution in LAA. However the RSSI measurement-based scheme does not reflect well the interference condition in bands above 6GHz. Higher received RSSI could be interpreted to the presence of nearby transmitter in sub 6GHz, but the same may not hold true in above 6GHz since the relevant interference depends on the transmit and receive beamforming [7]. So 2-way handshaking may be required in addition to RSSI measurement (which is required at least for coexistence with other RAT (i.e. WiFi)). LBT and related operations need to be revisited as well. Especially LBT protocol overhead due to the time gap between LBT success and subframe boundary should be minimized. In LTE-LAA, it is mitigated by partial subframe concept that eNB can start DL subframe at slot boundary. In NR, flexible TTI is being discussed and it would be useful also to adapt LBT time granularity if short TTI is introduced in NR. Furthermore flexible TTI is aligned well to scalable numerology in NR, compared to the concept of partial subframe assuming fixed symbol length within subframe. Wide bandwidth support is a required feature from the capacity enhancement perspective. In LTE-LAA, multi-carrier LBT was introduced, but complicated and not well optimized. Furthermore it still depends on CA to extend bandwidth which restricts various business opportunities. Beam-specific operation would be a feature only for bands above 6GHz. It may comprise of impacts to sensing, measurement, beam tracking/switching, random access procedure, or etc.
Table 1: Design considerations for LAA, NR sub 6GHz and NR above 6GHz
	Design Consideration
	LAA (Rel-13)
	NR sub 6GHz
	NR above 6GHz

	Coexistence

	Coexistence with WiFi
	O
	O
	O

	Coexistence with LTE-LAA
	O
	O
	X

	Coexistence within NR
	X
	O
	O

	Hidden node handling

	Hidden node handling by RSSI measurement
	O
	O
	O

	Hidden node handling by 2-way handshaking
	X
	O
	O

	LBT overhead reduction

	Support of partial subframe
	O
	X
	X

	Support of flexible TTI
	X
	O
	O

	Wide bandwidth

	Multi-carrier LBT
	O
	?
	?

	Support of wider(>20 MHz) band
	X
	O
	O

	Beam-specific operation

	Beam measurement, or etc
	X
	X
	O



Observation 4: RAN2 is requested to decide up to what extent NR protocols and design could re-use/built on LAA specifications from Rel-13 and Rel-14 (for UL) for the unlicensed mode of operation in the sub-6GHz spectrum.  
Observation 5: RAN2 needs considering the design of procedures for unlicensed operation based on the necessity of beamforming in the higher spectrum (>6GHz).
2.3 Service-specific Configuration 
Since the requirements for unlicensed band operation would also change based on the services supported by NR, namely eMBB, mMTC and URLLC, we envisage that service specific parameters be defined for the NR operations for ensuring harmonious co-existence with other RAT’s. For instance, the LBT parameters such as contention window (CW) sizes may be small (as a result MCOT’s will also have to be small in order to ensure fair co-existence as per ETSI standards) for the case of low latency NR operations while they may be large (both CW and MCOT values) for the case of mMTC devices that operate infrequently with long sleep cycles. Furthermore, since each device would connect to a different set of devices for each type of service supported, we believe that such a service-specific configuration would make the system more efficient in performing unlicensed operations and also improve the co-existence aspects with other RAT’s. It is necessary to identify the higher layer impacts of such a service specific design for the unlicensed mode of operations. 
Observation 6: It is requested to investigate the possibility of service-specific configurations for NR unlicensed mode operations and also study the higher layer impacts of such a design.
3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Proposal 1: RAN2 should investigate the Licensed Assisted Operations including CA and DC of NR in the unlicensed spectrum with higher priority compared to the stand-alone operations in the unlicensed bands.

Observation 1: RAN2 is requested identify the impacts of the LTE-NR deployment and core network configurations on the NR Unlicensed mode of operations. RAN2 asks define the terms Pcell, Scell, PScell’s in each of the possible NR unlicensed configuration.
Observation 2: RAN2 needs considering the delay/latency issues involved in the proposed deployment configurations for switching communication between licensed and unlicensed bands. It is also requested to study and address the frame structure design of NR for suitable co-existence with other RATs while also considering the impacts on unlicensed mode of operation. 
Observation 3: LBT behaviours are essential for the NR unlicensed mode of operations while considering the co-existence between NR-NR and NR-LTE/other RAT in unlicensed spectrum.
Observation 4: RAN2 is requested to decide up to what extent NR protocols and design could re-use/built on LAA specifications from Rel-13 and Rel-14 (for UL) for the unlicensed mode of operation in the sub-6GHz spectrum.  
Observation 5: RAN2 needs considering the design of procedures for unlicensed operation based on the necessity of beamforming in the higher spectrum (>6GHz).
Observation 6: It is requested to investigate the possibility of service-specific configurations for NR unlicensed mode operations and also study the higher layer impacts of such a design.
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Appendix A

Background – Deployment for NR
An important initial aspect of NR SID in [1] is for RAN2 to study/agree on the radio protocol architecture. Potentially, there will be two main deployments which NR will have to support: 
A) NR-standalone deployment
· UE is provided service by only using the NR (i.e. no “access support” from other RAT’s). 

B) 4G+NR aggregation
· Since RAN agreed that NR-RAN architecture shall support tight interworking between the new RAT and LTE, such a configuration is also to be supported.
· In this deployment, 4G is providing at least the Pcell, and in addition one or more NR Scells can be configured.





More specifically, the following scenarios except 1.3 and 1.4 can be considered at first in the context of the NR deployment as discussed in “Summary of email discussion [93bis#23][NR] Deployment scenarios” [5]. 
                                                                                                                                               Scenario 1.1: LTE-NR collocated (variants: LTE micro/NR micro and LTE macro/ NR macro)


			
Scenario 1.2: LTE-NR non-collocated, overlapped (variants: LTE macro, NR micro and vice versa)


                                                 
Scenario 1.3: LTE-NR non-collocated, non-overlapped             Scenario 1.4: LTE-NR collocated, HetNet (LTE outdoor macro, NR indoor micro)                                macro and micro, NR macro and micro)
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