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Introduction
The study on NR-based access to unlicensed spectrum is very broad and aims to expand the use of 3GPP-based technologies in unlicensed bands to enable wideband operation, standalone operation, and the use of additional unlicensed bands beyond band 46 (5 GHz range). It would be wise to understand the relative urgency or priority of the various objectives in order to provide timely support for regulatory work and relevant market use cases. This paper discusses these points and proposes to prioritize the study and the following work for the 5 GHz range.
Discussion
The study item of NR-based access to unlicensed spectrum will include the following objectives [1]

· 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 requirement of high throughput (especially uplink) and low latency in the unlicensed spectrum of 5GHz is increasing. For example, many old ports expect to update equipement with remote control crane. The monitoring video streams would require around 300Mbps/crane in uplink and around 10ms latency for crane control and feedback. Another example in warehouse robotics market which was valued at USD 2.28 Billion in 2016 and is expected to grow at a CAGR of 11.8% between 2017 and 2022 [2]. The warehouse transport efficiency can be improved by 200% if the latency of sending the robot control command over the air interface reduces to 10ms. Governments also have strong intents to improve the public safety (e.g. CCTV). The camera sales volume is 1.9 million per year, about 6 million cameras need to be connected in the coming 3 years, compared with fixed wire solution, wireless solution is easy to deploy if it can provide up to 3Gbps per km2 uplink throughput in uplink.
A new work item [3] was approved in ETSI to revise the regulation of EN 301 893 for 5GHz band. The scope of the WI includes: 
(1) [bookmark: ScopeOfWork]To consider the possible inclusion of the band 5725 MHz to 5850 MHz together with appropriate mitigation techniques for operation in this band; 
(2) To revise clause 4.2.7.3.2.5 on Energy Detection Threshold (ED) and other sections of Adaptivity related to detection;
(3) To revise clause 4.2.8 on Receiver Blocking and to consider the need to include additional receiver requirements;
(4) To consider improving existing text throughout the entire document without changing requirements other than those identified in (1) to (3) above; 
(5) To revise/improve existing test methods where appropriate.

The current flexible design of NR in sub 6GHz licensed spectrum provides good reference to NR design for unlicensed band operation. For example, the scalable numerology (60 kHz subcarrier spacing), flexible frame structure and dynamic scheduling and HARQ timing can be directly inherited in unlicensed band operation. The channel access mechanism in 5 GHz was specified in LTE LAA since Rel 13. NR can reuse most of the design in order to ensure the fair coexistence with both Wi-Fi system and LTE LAA. The inheritage of licensed band features and channel access mechanisms from LTE LAA will significantly shorten the standardization procedure. When upgrading from LTE LAA, quick deployment of NR-U in sub 6 GHz is a powerful competitor with upcoming IEEE802.11ax.
Unlicensed spectrum in high frequency has large bandwidth which has the potential to provide extremely high throughput with short latency. For example, there are totally 14GHz spectrum from 57GHz to 71GHz in US and 9GHz spectrum from 57GHz to 66GHz in Europe. The smaller symbol duration can also meet the low latency requirement. It is suitable for the transmission of video streaming. Large number of antennas are equipped at both transmitter and receiver to compensate for large pathloss. The high antenna gain provides more opportunities for spatial reuse which is more attractive to improve system throughput in high dense deployment. The use case of wireless carrier installation for public safety can be a typical market. 60GHz unlicensed spectrum is relatively new to 3GPP. NR should study and specify channel access mechanisms with high beamforming gain at both transmitter and receiver. Fair coexistence with 802.11ad/ay systems should be evaluated. The regulations of 60GHz in different countries summarized in [4] could be taken as a start point. Meanwhile, NR can contribute to the ongoing regulation development. For example, in the newly approved work item [5] for EN 302 567 , the following scope will be covered, including (1) to revise the OOB/Mask (2) to consider inclusion of RX Sensitivity (3) to revise existing receiver requirements (4) where appropriate, to revise/improve the test methods. Some NR designs may need to be revisited to suit operation in 60GHz, because current agreements were made for spectrum below 52.6GHz. For example, the numerology may be adjusted to meet the channelization targets. Low PAPR waveform may also be required in both DL and UL.
The shared spectrum (e.g. 37GHz in US) is also in the SI scope. There is no decision yet on how to share the spectrum. NR should monitor and involve the regulatory activities closely.     
Conclusion
In the contribution, we discussed the priorities of the objectives defined in the SI of NR-based access to unlicensed spectrum. While the objectives on other unlicensed bands are also important in the context of regulation updates, we propose to accelerate the study of the design for the 5 GHz range, then study the design for the other ranges considering the market requirement and existing study and progress on NR WI in Rel-15. The proposal is then to allow spinning off a WI for the 5 GHz range while continuing the study for the other frequency ranges (in order to also provide timely visibility for regulatory work on the other frequency ranges).
Proposal: the study on NR-based Access to Unlicensed Spectrum should prioritize the 5 GHz frequency range and conclude on detailed NR design solution for unlicensed operation in 5 GHz before completing the other objectives of the study.
Reference
[bookmark: OLE_LINK2][1] RP-172021 “New SID on NR-based Access to Unlicensed Spectrum” Dubrovnik.
[2] http://www.marketsandmarkets.com/Market-Reports/warehouse-robotic-market-128876258.html
[3] BRAN(17)000075r10, “Revision of EN 301 893 v2.1.1 to result in EN 301 893 v2.2.1”
[4] TR38.805 v14.0.0
[5] BRAN(17)096002r1 “EN 302 567 2.1.1 Update” 


3GPP TSG RAN Meeting #7


8


 


RP


-


172482


 


Lisbon


, 


Portugal


, 1


8


 


–


 


2


1 


Dec


ember 2017


 


 


 


Agenda item:


 


9.3.3


 


Source:


 


Huawei, HiSilicon


 


Title:


 


Discussion on NR unlicensed 


SI 


objectives


 


Document for:


 


Information


 


Introduction


 


The study on 


NR


-


based access to unlicensed spectrum


 


is very broad and aims to expand the use of 3GPP


-


based 


technologies in unlicensed bands to enable wideband operation, standalone operation, and the use of additional 


unlicensed bands beyond band 46 (5 GHz range). It would be wise to understand the relativ


e urgency or priority of the 


various objectives in order to provide timely support for regulatory work and relevant market use case


s


. This paper 


discusses these points and proposes to prioritize the study and the following work for the 5 GHz range.


 


Discussion


 


The study item of 


NR


-


based access to unlicensed spectrum 


will include the following objectives


 


[1]


 


 


·


 


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 mob


ility 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 requirem


ents 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 requirement of high throughput (especially uplink) and low latency in the u


nlicensed spectrum 


of


 


5GHz is 


increasing.


 


For example, 


m


any old ports 


expect to 


update


 


equipement 


with


 


remote control crane. The monitoring video streams would 


require around 300Mbps/crane in 


uplink


 


and around 10ms latency for crane control and feedback. Another example in 


warehouse robotics market 


which 


was valued at USD 2.28 Billion in 2016 and is expected to grow at a CAGR of 11.8% 


between 2017 and 2022


 


[2]


.


 


The 


warehouse transport efficiency 


can 


be improve


d


 


by 200%


 


if the latency 


of 


send


ing


 


the 


robot control command ove


r the air interface


 


reduce


s


 


to 10ms


.


 


Governments 


also 


have strong 


intents


 


to improve the public 


safety


 


(e.g. CCTV)


. The 


c


amera sales volume is 1.9


 


million per year, about 6 million cameras need to be connected in the 


coming 3 years, compared with 


fixed wire solution, wireless solution is easy to deploy


 


if it can provide up to 


3Gbps per 


km


2


 


uplink throughput in uplink.


 


A


 


new work item


 


[3]


 


was 


approved in ETSI to revise


 


the regulation 


of EN 301 893 


for 5GHz band


. T


he scope of the WI 


inclu


des: 


 


(1)


 


To consider the possible inclusion of the band 5725 MHz to 5850 MHz together with appropriate mitigation 


techniques for operation in this band; 


 




3GPP TSG RAN Meeting #7 8   RP - 172482   Lisbon ,  Portugal , 1 8   –   2 1  Dec ember 2017       Agenda item:   9.3.3   Source:   Huawei, HiSilicon   Title:   Discussion on NR unlicensed  SI  objectives   Document for:   Information   Introduction   The study on  NR - based access to unlicensed spectrum   is very broad and aims to expand the use of 3GPP - based  technologies in unlicensed bands to enable wideband operation, standalone operation, and the use of additional  unlicensed bands beyond band 46 (5 GHz range). It would be wise to understand the relativ e urgency or priority of the  various objectives in order to provide timely support for regulatory work and relevant market use case s . This paper  discusses these points and proposes to prioritize the study and the following work for the 5 GHz range.   Discussion   The study item of  NR - based access to unlicensed spectrum  will include the following objectives   [1]        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 mob ility 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 requirem ents 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 requirement of high throughput (especially uplink) and low latency in the u nlicensed spectrum  of   5GHz is  increasing.   For example,  m any old ports  expect to  update   equipement  with   remote control crane. The monitoring video streams would  require around 300Mbps/crane in  uplink   and around 10ms latency for crane control and feedback. Another example in  warehouse robotics market  which  was valued at USD 2.28 Billion in 2016 and is expected to grow at a CAGR of 11.8%  between 2017 and 2022   [2] .   The  warehouse transport efficiency  can  be improve d   by 200%   if the latency  of  send ing   the  robot control command ove r the air interface   reduce s   to 10ms .   Governments  also  have strong  intents   to improve the public  safety   (e.g. CCTV) . The  c amera sales volume is 1.9   million per year, about 6 million cameras need to be connected in the  coming 3 years, compared with  fixed wire solution, wireless solution is easy to deploy   if it can provide up to  3Gbps per  km 2   uplink throughput in uplink.   A   new work item   [3]   was  approved in ETSI to revise   the regulation  of EN 301 893  for 5GHz band . T he scope of the WI  inclu des:    (1)   To consider the possible inclusion of the band 5725 MHz to 5850 MHz together with appropriate mitigation  techniques for operation in this band;   

