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Introduction
In RAN#76 a new SI [1] for NR based access to unlicensed spectrum was introduced. The objectives of the SI are as follows:
· 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; 

In this contribution we provide our views on the deployment scenarios to support for NR unlicensed.
Carrier Aggregation 
Licensed assisted access (LAA) based carrier aggregation is the most basic scenario for NR unlicensed and involves carrier aggregation of an NR cell in licensed spectrum serving as an anchor carrier with an NR cell in unlicensed spectrum as a secondary carrier. There could of course also be multiple carriers in licensed and unlicensed spectrum. 
Carrier aggregation between licensed NR cell and unlicensed NR cell allows offloading of both DL and UL data on the unlicensed carrier while maintaining reliability and low latency through the licensed carrier. Availability of the anchor carrier allows trading the offload capacity for more reliability and offers design choices that are not available in a standalone carrier. For example, it allows more efficient use of the unlicensed spectrum due to ability to synchronize and coordinate with other nodes. Transmitting control signals on the anchor carrier can also help simplify the design. 
LTE already supports this scenario.  Those design principles can also be reused for NR unlicensed which should reduce the overall system development effort. NR DL+UL CA support for example would require supporting the LBT procedures, defining sync channels with variable window position, use of partial starting and ending slots, interlaced transmissions in UL etc that were done for LAA/eLAA support in LTE.  
We do see value in supporting both DL CA only (such as in LTE LAA) and DL+UL CA (such as in LTE eLAA). 
Some spectrum combinations that can be targeted for this scenario include 
a) licensed on sub 6 GHz and unlicensed on 5GHz/6GHz 
b) licensed on sub 6 GHz and unlicensed in 37GHz/60GHz.

Proposal 1: NR unlicensed should support carrier aggregation of NR cell on licensed spectrum and NR cell on unlicensed spectrum.  Both DL only and DL+UL CA should be supported in NR unlicensed
Dual Connectivity
Dual connectivity scenario is similar to the carrier aggregation scenario but it relaxes the synchronization and tight-coordination requirements of CA making non-co-located deployments much more feasible compared to the carrier aggregation scenario. To support dual connectivity efficiently UL control for example may need to be supported on the unlicensed carrier which may not be needed for carrier aggregation. Other changes may include support for RACH / procedures to align timing on the unlicensed band and HARQ timeline related changes.
As this scenario enables non-co-located deployments, we feel this is also an important scenario for NR unlicensed to support. The dual connectivity can be between NR cells or between an LTE cell and an NR cell. The latter case is also important to support as this will facilitate faster NR-unlicensed deployment by allowing operation in regions where there is only LTE coverage. 
Some spectrum combinations that can be targeted for this scenario include 
a) licensed on sub 6 GHz and unlicensed on 5GHz/6GHz 
b) licensed on sub 6 GHz and unlicensed in 37GHz/60GHz.
Proposal 2: NR unlicensed should support dual Connectivity between an LTE or NR cell on licensed spectrum and NR cell on unlicensed spectrum
Standalone Operation
Standalone operation involves enabling NR unlicensed operation without any anchor carrier in licensed band. We believe this is a key scenario for NR unlicensed. A standalone NR-U option allows deployment of NR services without requiring the NR/LTE services on licensed carrier to be set up. It can also be used to provide NR services in regions with NR coverage holes / where NR licensed spectrum is unavailable. The ease of deployment for standalone mode also enables faster deployment.  
Compared to dual connectivity operation, standalone operation requires support of SIB, paging, and mobility managements procedures on the unlicensed band. The designs are expected to be just minor enhancements of NR design to address the uncertainty of resource availability.
There are a large class of private network use cases that can be addressed by standalone operation. Given that there are other competing stand-alone technologies as well that target similar use cases we are of the view that standalone deployment of NR-U should be supported from the first release of NR-U. 
For spectrum, the standalone deployments could target 5GHz, 6GHz, 37GHz, and 60GHz bands. 
Proposal 3: NR unlicensed should support standalone operation on unlicensed spectrum including 5GHz, 6GHz, 37GHz, and 60GHz bands


Figure 1: Deployment modes for NR unlicensed
Low-band Anchored mmW Standalone Operation
While it is understood that supporting the standalone operation in NR-U also includes supporting carrier aggregation/dual connectivity between two or more unlicensed cells such as an unlicensed cell in sub-6GHz and an unlicensed cell in 60GHz; further enhancements may need to be studied over traditional CA/DC approaches in an unlicensed standalone system. 
A licensed anchor carrier affords the advantages of predictable timing and consequently control signalling. This predictability is not a given in unlicensed channels owing to the time required to perform LBT – for example on a channel shared with WLAN in 5GHz, channel access latency by an NR-U node may be unbounded due to multiple other nodes winning contention ahead of the NR-U node. While channel access delay may be less of a problem on mmW bands, owing to the additional dimension of spatial separation, the higher power consumption on mmW devices results in other challenges – especially on handset form-factor devices. Traditional DC approaches may further be challenged by the dynamic availability of the mmW uplink determined by the UE, based on constraints due to link-budget, power dissipation and MPE.
From a deployment perspective, the disparate coverage offered by sub-6GHz and 60GHz cells may lead to scenarios with non-co-located multi-cell operation. Techniques to deal with imperfect synchronization due to (1) OTA channel access delay; (2) imperfect backhauls; and (3) symbol-level asynchronism due to non-co-located cells/independent clock references, may also need further study.
We believe that addressing some of these issues would result in a standalone unlicensed system whereby a UE can leverage the advantages of high capacity offered by 60GHz and coverage from sub-6GHz in a low-power implementation.

Figure 2: Coverage Disparity between sub-6 and mmW


Figure 3: Non-co-located cell deployment model
Proposal 4: NR unlicensed should study design optimizations to traditional CA and DC approaches to deal with dynamic UL capabilities and asynchronous operation between cells enable joint operation in sub-6 and mmW bands in a standalone unlicensed operation
[bookmark: _Hlk506374382]Synchronous Operation
Operation on unlicensed carrier across all the deployment scenarios discussed earlier (CA/DC/Standalone) could be synchronous or asynchronous. Furthermore, the synchronization could be within cells of an operator or include synchronization across different operators. 
Synchronization is a basic requirement if we wish to benefit from advanced techniques such as CoMP where multiple gNBs coordinate transmissions to one or more UEs. Synchronous deployments also enable better reuse – for example neighbouring gNBs on unlicensed spectrum can communicate at the same time with dynamic interference management techniques.
Time synchronization among operators opens the door for new paradigm of sharing techniques. It allows coordination among operators to improve efficiency and robustness. For example, QoS can be enhanced by having guaranteed and prioritized resource allocation for each operator. Other operators can use those resources if the operator with higher priority isn’t using it. In Fig. 2 below for example we show a resource sharing scheme across operators that can be used in a synchronous network. It has a shared data region that can be used either by operator 1 or operator 2 with operator 1 having higher priority. CUI-T/CUI-R are channel usage indicator signals. These are control signals sent by transmitter and receiver of a particular communication to reserve the shared data region. Fig. 3 shows an extension of this scheme to multiple operators.


Figure 4: Guaranteed and prioritized resource sharing scheme across two operators in synchronous network



Figure 5: Resource sharing scheme across multiple operators in synchronous network
In [2], frame based equipment (FBE) is specified as one of the mechanism for medium sensing to detect the presence of other RLAN transmissions on an operating channel in the 5GHz band. In FBE based channel access, the transmit/receive structure has a periodic timing with a periodicity equal to a fixed frame period. Due to this structure, the FBE based channel access is expected to be better suited to synchronized deployment.
There is already precedent for synchronized deployment. For example, synchronized deployment has been introduced in 3.5GHz CBRS band. Additionally, green field spectrum (e.g. 5.9-6.4GHz, 37-37.6GHz, 64-71GHz) is potentially available for NR-U without incumbents like WiFi where synchronous deployments can also be considered. Given the benefits provided by synchronous deployments and the available spectrum where synchronous deployment is possible, we believe this should be considered in the NR-U SI.
Proposal 5: NR-U SI should study design optimizations assuming cross operator synchronized deployment

Conclusions
The proposals made in this contribution are summarized below. 
Proposal 1: NR unlicensed should support carrier aggregation of NR cell on licensed spectrum and NR cell on unlicensed spectrum.  Both DL only and DL+UL CA should be supported in NR unlicensed
Proposal 2: NR unlicensed should support dual Connectivity between an LTE or NR cell on licensed spectrum and NR cell on unlicensed spectrum
Proposal 3: NR unlicensed should support standalone operation on unlicensed spectrum
Proposal 4: NR unlicensed should study design optimizations to traditional CA and DC approaches to deal with dynamic UL capabilities and asynchronous operation between cells enable joint operation in sub-6 and mmW bands in a standalone unlicensed operation
Proposal 5: NR-U SI should study design optimizations assuming cross operator synchronized deployment

References
[1] RP-172021, “Revised SID on NR-based Access to Unlicensed Spectrum”, Qualcomm Incorporated, RAN#77, Sapporo, Japan, 11-14 Sep. 2017.
[2] ETSI EN 301 893, “5 GHz RLAN; Harmonised Standard covering the essential requirements of article 3.2 of Directive 2014/53/EU V2.1.1”, ETSI Technical Committee Broadband Radio Access Networks (BRAN), May 2017.


1

image1.emf
NGC

MgNB NR-SS

(Shared/unlicensed)

LAA with Carrier 

Aggregation (CA)

LAA with Dual 

Connectivity (DC)

Standalone

NGC

MgNB NR

(Licensed)

SgNB NR-SS

(Shared/unlicensed)

EPC/NGC

MeNB LTE/

MgNB NR

(Licensed)

SgNB NR-SS

(Shared/unlicensed)


oleObject1.bin
Standalone


NGC


MgNB NR
(Licensed)


SgNB NR-SS
(Shared/unlicensed)


NGC


MgNB NR-SS
(Shared/unlicensed)


EPC/NGC


MeNB LTE/MgNB NR
(Licensed)


SgNB NR-SS
(Shared/unlicensed)


LAA with Carrier Aggregation (CA)


LAA with Dual Connectivity (DC)



image2.emf
Sub-6 (UL+DL)

mmW (UL+DL)

Sub-6(UL+DL)

mmW (DL)

Sub-6 

(UL+DL)

Sub-6

gNB

mmW 

gNB2

mmW 

gNB1

mmW 

gNB3

mmW 

Coverage

Sub-6 

Coverage

mmW 

Coverage

Hole


image3.emf
Sub-6 gNB mmW gNB

Backhaul

Unlicensed sub-6 Channel 

access subject to 

contention-delay

Non-ideal backhaul 

introduces delay

Delay between sub-6 and mmW comprised of: 

(1) OTA channel access delay

(2) Backhaul delay

(3) Symbol-level asynchronism between cells


oleObject2.bin
�

Balloon callout. Select shape and start typing. Resize box to desired dimensions. Move control handle to aim pointer at speaker.


Sub-6 gNB


mmW gNB



image4.emf
C

U

I

T

C

U

I

R

Op1

C

U

I

T

C

U

I

R

Op2

Data

U

L

C

B

Ctrl Region Data Region


oleObject3.bin
CUIT


CUIR


Op1


CUIT


CUIR


Op2


Data


ULCB


Ctrl Region


Data Region



image5.emf
Control

(Op1,Op2)

Data

Control

(Op2,Op3)

Data

Control

(Op3,Op4)

Data

Control

(Op4,Op1)

Data

Control

(Op1,Op2)

Data

Op3/Op4 contention, if 

no RRQ/RRS heard

Op2/Op3 contention, if 

no RRQ/RRS heard


oleObject4.bin
Control
(Op2,Op3)


Control
(Op1,Op2)


Data


Data


Control
(Op3,Op4)


Data


Control
(Op4,Op1)


Data


Control
(Op1,Op2)


Data


Op3/Op4 contention, if no RRQ/RRS heard


Op2/Op3 contention, if no RRQ/RRS heard



