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Introduction
In the NR-U work item description, the following is specified for RAN4 performance requirements[1]:
	Specify the following requirements [RAN4]
· Base station demodulation performance requirements
· UE demodulation performance requirements
· Radio Resource Management performance requirements, including RRM/RLM test cases
· Base station conformance testing



This paper introduces general discussion on NR-U demodulation and how LBT model may influence it. 
[bookmark: _Ref31793955]Discussion
[bookmark: _Hlk31794208]The design target of the WI on NR-based Access to Unlicensed Spectrum [1] is to specify a single global solution for NR-based access to unlicensed spectrum. This solution needs to be compatible with the NR concepts, i.e. reusing the features of NR as much as possible, while still being able to coexist with incumbent technologies in the unlicensed spectrum. The discussions on this WI started in RAN1 AH #1901 meeting in November 2018, and the RAN1 and RAN2 have concluded the work in RAN1 #101-e  and RAN2#110-e [2]. 
In Rel-16 NR-U, access to band n46 (5150 MHz to 5925 MHz) is specified by 3GPP. Discussion on the band between 5925 MHz to 7125 MHz is still ongoing, pending on regulatory decisions. In Europe, ETSI has a set of requirements for operation in 5GHz unlicensed spectrum, which is detailed in [3]. Requirements that impact on the design of NR for operation in unlicensed bands are: 
1) Channel access mechanism
2) Channel Bandwidths 
3) Minimum occupied channel bandwidth (OCB)
4) Power spectrum density

One key difference between licensed spectrum and unlicensed spectrum is the channel access mechanism. In unlicensed spectrum, nodes from different technologies need to check the availability of the channel before transmitting, by using at least energy detection.  Energy detection is part of the listen-before-talk (LBT) mechanism, in which a node performs a clear channel assessment (CCA) to the channel to determine its availability. In case the channel is determined vacant, the node starts transmission. In case the channel is occupied, i.e. the LBT procedure fails, the transmission will be delayed until it is considered vacant. The unavailability of the channel impacts on the overall system and differs from baseline NR operation. Due to this and the regularity requirements, RAN1 has modified NR Layer 1 design so that the system is adapted to unlicensed bands. 
The demodulation performance itself can be considered independent of the LBT process. However, given a correct CCA, the demodulation of the adapted L1 needs to be re-tested. 
[bookmark: _Toc46854909][bookmark: _Toc47725085]The LBT procedure can be considered independent of the demodulation performance.
Additionally, the feasibility of NR operation in unlicensed spectrum was determined considering five different scenarios namely NR-U, as follows:
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) 
· NR-U SCell may have both DL and UL, or DL-only.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Scenario C: Stand-alone NR-U (PCell)
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band
· Scenario E: Dual connectivity between licensed band NR and NR-U. 
As part of the RRM requirements work, RAN4 has defined requirements for scenarios A, B and C [4]. 

[bookmark: _Toc46854910][bookmark: _Toc47725086] In order to support data and control channels in unlicensed spectrum, RAN defined L1 enhancements, which will need new BS demodulation requirements to support control and data channels. 
[bookmark: _Toc46854911][bookmark: _Toc47725087]RAN4 to focus demodulation work for Scenario A, B and C. 

LBT failure model
LBT failure is an important aspect of the operation in unlicensed bands, and most of NR-U features are designed to cope with it. For this reason, the discussion on whether or not to include an LBT model for BS demodulation performance requirements is needed. 
[bookmark: _Hlk44423037]This discussion has also taken place as part of the eLAA work in RAN4. As mentioned in different documents by that time [4][5][6], the effect of a LBT failure is similar to the case in which the UE misses the UL grant and does not transmit because of that. This behavior is not new and should not impact gNB receiver implementation. In eLAA, the use of an LBT model discussed, and the conclusions were that it would result in very small performance differences on the 70% TPUT metric in comparison to the case in which no LBT model was considered [7]. In that case it was observed that the only effect of LBT model was on the maximum achievable throughput.
[bookmark: _Toc46854912][bookmark: _Toc47725088]LBT model has only a minor impact on the 70% throughput metric for demodulation requirements, and only impacts the maximum achievable throughput. 
[bookmark: _Toc46854913][bookmark: _Toc47725089]Do not include LBT model in NR-U demodulation tests.

Conclusion
In this contribution, the general aspects of demodulation on unlicensed bands is discussed. As a part of this discussion the general scenario and LBT modelling were evaluated, and the following observations and proposals were derived: 
Observation 1: The LBT procedure can be considered independent of the demodulation performance.
Observation 2: In order to support data and control channels in unlicensed spectrum, RAN defined L1 enhancements, which will need new BS demodulation requirements to support control and data channels.
Proposal 1: RAN4 to focus demodulation work for Scenario A, B and C.
Observation 3: LBT model has only a minor impact on the 70% throughput metric for demodulation requirements, and only impacts the maximum achievable throughput.
Proposal 2: Do not include LBT model in NR-U demodulation tests.
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