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Introduction
A study item has been approved for the feasibility study of using NR in unlicensed band in RAN#75 [1]. Following the success of LAA in unlicensed band there is a lot of interest to develop features and functionality that allow NR to operate in unlicensed band as well. In our view there are many features of NR such as self-contained sub-frames, mini slots, flexible numerology that made NR a better candidate for operating in unlicensed band than LTE. However in order to ensure that we have a robust design of NR that is not only efficient but also forward compatible, we must start by putting forth requirements that will ensure the design of NR in unlicensed band achieves these goals. In this document we provide a comprehensive set of requirements that RAN1 should focus on while exploring NR enhancements that will allow it to operate and co-exist in unlicensed band. 
Functional Requirements of NR Unlicensed 

Spectrum Requirements
[bookmark: _GoBack]LAA was defined with a single objective of operating in unlicensed band and co-exist with existing legacy WiFi systems. However, since NR specifications cover a much wider range of spectrum we believe that NR must be designed from ground up to co-exist in different spectrum bands with different degree of sharing. Some bands, such as the 5GHz and 60GHz bands, are truly unlicensed in nature. However there are other spectrum sharing models that are based on tiered access (priority access based sharing) such as the US CBRS band [2]. Many of the unlicensed band solutions such as “listen before talk” can also be used in such priority based spectrum sharing models. However, they have to be segregated from licensed band solutions without coexistence mechanisms, resulting in inefficient spectrum utilization. Therefore, we believe that NR for unlicensed band should be designed from the very beginning with different spectrum sharing models in mind. 
Proposal 1: NR should be designed to operate efficiently in both unlicensed bands as well in bands that use priority access based spectrum sharing model. 
In bands that use priority access based sharing the network with the highest priority does not need to implement any spectrum sharing. However networks that are not of the highest priority are required to implement spectrum sharing techniques. Therefore in order to operate in such spectrum sharing models NR unlicensed would rely on techniques to co-exist with technologies that do not utilize any spectrum sharing techniques such as LTE and NR (Rel 15).  
Proposal 2: NR unlicensed should be able to co-exist with other technologies that DO NOT use spectrum sharing techniques such as LTE and NR (Rel 15).
Since mmWave frequencies are an integral part of NR we expect NR unlicensed to be designed with features to operate in mmWave frequencies as well such as the 60GHz band. The channel sizes in these frequency bands are much larger than the current value of 800MHz as defined for NR in Rel. 15. Therefore we believe NR unlicensed should allow for even larger channel BW in bands where applicable such as the 60GHz band. 
Proposal 3: NR unlicensed should define larger channel BW compared to Rel 15 NR in order to operate in bands where channel BW larger than the current maximum of 800MHz are possible
Physical Layer Requirements
Multi-antenna techniques such as MU-MIMO, massive MIMO etc are a fundamental and essential part of the NR design. Therefore, even while co-existing with other system on the same spectrum NR unlicensed should be able to use these advanced features efficiently. 
Proposal 4: NR unlicensed should be able to make efficient use of advanced multi-antenna techniques that are a part of NR, such as MU-MIMO, multi-point transmission, etc.
Also NR unlicensed should have features and functionality that should allow it to maximize the frequency reuse especially when operating under light load or sparse deployment. When the load is low or the deployment is sparse the likelihood of collisions is low. Therefore “listen before talk” mechanism of NR unlicensed should adapt to such conditions and only be utilized when needed.
Proposal 5: “Listen before Talk” techniques in NR should be adaptive and need based. The SI should study mechanisms and define conditions by which “Listen before Talk” can be turned off and/or made adaptive.
Unlike licensed band operation, in unlicensed bands the most efficient way to co-exist is to be able to access a clear channel as fast as possible and commence transmission. In LAA when channel is accessed reliable RRM and CSI measurements are not available. This implies that some slots are used up to achieve this. In NR unlicensed we would like to have much faster channel access mechanism using techniques, such as L1 CA, which relies on DCI based carrier activation. Many of these features have been discussed and proposed as part of NR in Rel 15 albeit they were not adopted. Similarly the current NR specification does not allow the UE to perform CSI reporting on de-activated BWPs. Therefore even though a BWP can be activated using a DCI indication, network does not have reliable CSI measurement to schedule PDSCH effectively. Therefore in NR unlicensed we would also propose to study BWP enhancements such as CSI measurements in de-activated BWPs to allow for faster and more efficient access of the channel. 
Proposal 6: NR Unlicensed should study faster channel access mechanisms, such as L1 based CA activation. NR unlicensed should also study BWP enhancements that will allow for faster and more efficient channel access. 
Summary
In this document we have provided high level design and performance requirement of NR unlicensed. In summary we make the following proposal: 
Proposal 1: NR should be designed to operate efficiently in both unlicensed bands as well in bands that use priority access based spectrum sharing model. 
Proposal 2: NR unlicensed should be able to co-exist with other technologies that DO NOT use spectrum sharing techniques such as LTE and NR (Rel 15).
Proposal 3: NR unlicensed should define larger channel BW compared to Rel 15 NR in order to operate in bands where channel BW larger than the current maximum of 800MHz are possible
Proposal 4: NR unlicensed should be able to make efficient use of advanced multi-antenna techniques that are a part of NR, such as MU-MIMO, multi-point transmission, etc.
Proposal 5: “Listen before Talk” techniques in NR should be adaptive and need based. The SI should study mechanism and define conditions by which “Listen before Talk” can be turned off and/or made adaptive.
Proposal 6: NR Unlicensed should study faster channel access mechanisms, such as L1 based CA activation. NR unlicensed should also study BWP enhancements that will allow for faster and more efficient channel access. 
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