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Introduction
During RAN#71, a SI to develop requirements and specifications for New Radio (NR) access technology was approved [1]. In addition, TSG RAN has received an LS from ITU-R WP5D, requesting sharing parameters as early as February 2017 [2].The proposal in [3] outlines a work plan for the ITU-R related work.
In order to develop sharing and compatibility parameters for mm-wave frequency ranges as LS requested in the LS from ITU-R, RAN4 needs to thoroughly study the fundamental requirement aspects, since these should be consistent with the compatibility parameters submitted to ITU-R. This is essential to ensure that the outcome of the ITU-R sharing studies will be relevant. If there would be a large deviation between sharing parameters and the specified RAN4 requirements, the result of the ITU-R studies would not be applicable for NR as an IMT-2020 technology. This emphasises the need to ramp up the requirement work in RAN4.
This paper initiates the discussion on NR BS through a requirement overview. General aspects for NR BS requirements are presented in [4]. 
Discussion
Considering the very large frequency ranges envisaged for NR, the new usage scenarios (e.g. critical MTC with high reliability and low latency, enhanced mobile broad band and massive MTC), with significantly different characteristics (which could differ between wanted and unwanted signals) and even the need for different technologies, a lot of work is needed to consider and address the new air interface with proper transmitter and receiver requirements in RAN4. In addition, OTA requirements should be considered with proper metrics and potentially updated requirement values that take into account e.g. propagation conditions for higher frequencies affecting the requirement levels. OTA requirements will be developed for LTE during the AAS Release-14 WI and hopefully the concept behind many of these will be re-usable for NR (The actual requirement values may need re-evaluation however).
[bookmark: _GoBack]For existing and new bands at lower frequencies e.g. below 2 GHz where the propagation conditions do not require a high level of beamforming gain, a set of conducted requirements may be defined. For existing bands and higher frequencies where a higher beam-forming gain is needed to achieve a good link budget, a set of conducted and OTA requirements and for some requirements “OTA only” should be considered. In addition, for mm-wave frequencies, as conducted measurements would not be feasible there is a need to develop all requirements as OTA.
OTA test methodologies would need to be developed in parallel with core requirements as stated in [4], and some of the OTA testing challenges are described in [5]. A particular challenge will be defining a set of requirements and tests that provide sufficient test coverage to ensure that the NR base-stations operate properly, whilst not causing an inordinate amount of test time and complexity. The general requirement coverage and the OTA requirement coverage needs to be discussed and settled early, with highest priority for requirements that affect the system performance and compatibility. 
The requirements aspects in this paper are categorized as “conducted”, “OTA or conducted” and “OTA only” and assume that NR as stand-alone would be in a brand new 38 specification series while NR in multi-standard mode with e.g. LTE would be captured in 37 series (MSR and AAS).
NR transmit requirement considerations
The release 13 AAS specification covers the EIRP accuracy as an OTA requirement but considering the increase in number of transceivers envisioned for NR and the challenges for creating conducted test points in particular for mm-wave frequencies and higher, more OTA requirements (with proper metrics) need to be created.
Considering the unwanted emission requirements, the requirements are divided into in-band, general spurious emissions and also co-existence and co-location requirements. For in-band requirements to properly capture the impact of intra-array coupling on the emissions, an in-band unwanted emission as “OTA only” requirements would be necessary for NR and also possibly for AAS rel-14. This requirement is likely to be best defined as with TRP, for several reasons. Extensive elaboration and motivation for TRP as metric for unwanted emission is given in [6]. Spurious emissions for lower frequency BS can be specified as conducted or OTA but for NR BS at mm-waves and higher frequencies, due to the high level of integration, no conducted test points would be available and OTA requirements need to be developed. For OTA spurious emissions, the metric is worthy of further investigation and TRP is likely to be the right option.
In new bands above 6 GHz as well as in possible new bands below 6 GHz, NR could operate in significantly larger channel bandwidths. This means that the border between the out-of-band and spurious domain needs to be re-considered. While the rule in regulation sets the border at 250% of “necessary bandwidth”, a 10 MHz rule (based on 5 MHz bandwidth) has in general been applied for LTE (relative to the operating band). With the significantly larger bandwidths expected for NR the present method needs to be re-evaluated and modified. 
For other unwanted emission related requirements such as transmit intermodulation, before setting a requirement it is worthwhile to firstly question whether such requirements are needed for mm-waves. The reason for addressing such a question is that the current requirement it originates from co-location with 30 dB of isolation, however for mm-Waves frequencies the isolation is likely to be much higher than 30dB. If a requirement is needed, OTA should be considered.
Signal quality is another transmitter requirement which should be specified as “OTA only” and fully capture the system performance aspects. An OTA only requirement would not limit the flexibility and benefits from having larger antenna arrays while a conducted requirement would barely capture the system performance in an antenna array system.

NR receive requirement considerations
For NR AAS BS between approximately 2 and 6 GHz (either existing or new bands) and mm-wave frequencies, a requirement which needs to be specified as “OTA only” is the receiver sensitivity. The OTA only requirement would not limit the implementation flexibility while it would capture the true system performance aspects for an NR receiver.
As we face an excessive number of permutations described in [4], RAN4 should target a requirement matric that is general to all potential bandwidths and does not depend on specifying a test model for the particular operating bandwidth. It is noted that receiver requirements for LTE in particular are bandwidth dependent, since they must measure BLER and throughput with a specific FRC.
Receiver sensitivity is a basis for many other receiver requirements such as receiver blocking, receiver dynamic range, receiver intermodulation etc. With OTA only sensitivity, there is an implication to consider OTA requirements for all other receiver requirements that have receiver sensitivity dependency. Methods and metrics capturing the bandwidth and BLER independency could be different if the in-band or out-of-band requirements are concerned. Receiver OTA requirements with less bandwidth/dependency will be further elaborated in future papers.
NR BS requirement overview
Based on the discussion in [4] and the more specific transmitter and receiver aspects elaborated in this paper, table 1, considering the limited time available for NR, presents a preliminary overview of NR BS requirements to initiate discussions. The requirement domain for different sets of needed NR BS specifications is briefly discussed. 
A tentative assumption has been to use conducted requirements for bands below e.g. 2 GHz with no beam-forming and all OTA for mm-wave frequencies. For bands between e.g. 2-6 GHz where beamforming could be beneficial, some requirements need to be as OTA only where as others could be specified as optional either conducted or OTA. The table 1 shows some indicative examples of what should be OTA only for this frequency range. 
For mm-wave frequencies, to manage standardization time and test complexity, there is a need to prioritize the work on requirement coverage implying that requirements which are essential from system and compatibility point of view should be addressed first. The mm-wave column in table 1 summarizes our current view on the prioritization.
A more elaborated discussion on individual requirements should be conducted in coming RAN4 meetings when more time units will be available for NR.

Table 1	NR BS requirement overview
	Requirement category
	Existing bands and new bands below 6 GHz without BF “conducted”
38-series + MSR (NR added)
	Existing bands and new bands below 6 GHz with BF (conducted + OTA as indicated) 
38-series + MSR (NR added) + AAS (NR added)
	mm-wave and higher frequencies “OTA only”
38-series

	Channel numbers
	New channel numbers would be necessary for the new bands and also for existing bands depending on numerology and NR bandwidths
	New channel numbers would be necessary for the new bands and also for existing bands depending on numerology and NR bandwidths
	New channel numbers would be necessary for the new bands at higher frequencies.
“high priority”

	EIRP accuracy and TRP accuracy if needed

	NA
	EIRP already in rel-13 AAS specifications to be re-used 
“OTA only”
	Re-use EIRP with adapted for deployment and mm-wave technology
“high priority”

	Unwanted emissions
	For existing band and also new low bands, re-use as much as possible from existing specifications both for in-band and also spurious emission domain.
250% rule should be re-visited.

	The in-band requirements should be specified as OTA only with TRP as metric. 
250% rule should be re-visited.
Spurious emission domain requirements can be either conducted or OTA
	Both in-band and spurious emission in terms of absolute emissions
“high priority”
For in-band relative emission requirements
“Be added later if needed”

	Transmit inter-mod
	For existing band and also new low bands, re-use as much as possible from existing specifications.
	The requirement should be specified as either conducted or OTA with TRP as metric. 

	As the isolation needs to be re-calculated and will be much greater than 30dB, should be “added later if needed”

	Signal quality
	For existing band and also new low bands, re-use as much as possible from existing specifications.
	The EVM requirement should be specified as “OTA only”
Frequency error and TAE requirements should be specified as conducted or OTA
	New Evm and Frequency error level depending the frequency band and modulation should be specified with “high priority”
Frequency error prio1
TAE should be “added later if needed”

	Transient handling
	For existing band and also new low bands, re-use as much as possible from existing specifications but the latency aspects should be taken to account for the transient time in TX ON/OFF requirement.
	The requirement should be specified as either conducted or OTA with TRP on levels. 

	Transient handling requirement should be “added later if needed”

	Transmitter dynamics
	For existing band and also new low bands, re-visit the requirement as needed and use as much as possible from existing specifications.
	For existing band and also new low bands, re-visit the requirement as needed and use as much as possible from existing specifications but as conducted or OTA.
	Transmitter dynamic requirement should be “added later if needed”

	Beam domain [4]
	NA
	Should be carefully studied before requirement definition and metrics are added.
	Should be carefully studied before requirement definition and metrics are added.
“added later if needed”

	Receiver sensitivity
	For existing band and also new low bands, re-visit the requirement levels adapted for NR but as much as possible from existing specifications to ensure similar coverage
	The requirement should be specified as minimum OTA only and relevant levels depending on frequency band being specified.
	The requirement should be specified as minimum OTA sensitivity and relevant levels for mm-wave frequencies should be specified.
“high priority”

	Receiver blocking

	For existing band and also new low bands, re-visit the requirement and possibly make adaptation towards less bandwidth/BLER dependencies. Adapted metrics for NR as much as possible should reflect the existing specifications.
	The requirement should be specified as OTA only due to dependency with OTA only reference sensitivity and possibly make adaptation towards less bandwidth/BLER dependencies. Adapted metrics for NR as much as possible should reflect the existing specifications.
	The requirement should be specified considering adaptation towards less bandwidth/BLER dependencies.
“high priority”

	Receiver intermodulation
	For existing band and also new low bands, re-visit the requirement and possibly make adaptation towards less bandwidth/BLER dependencies. Adapted metrics for NR as much as possible should reflect the existing specifications.
	The requirement should be specified as OTA only due to dependency with OTA only reference sensitivity and possibly make adaptation towards less bandwidth/BLER dependencies. Adapted metrics for NR as much as possible should reflect the existing specifications.
	The requirement should be specified considering adaptation towards less bandwidth/BLER dependencies.
“high priority”

	Receiver dynamics
	For existing band and also new low bands, re-visit the requirement and possibly make adaptation towards less bandwidth/BLER dependencies. Adapted metrics for NR as much as possible should reflect the existing specifications.
	The requirement should be specified as OTA only due to dependency with OTA only reference sensitivity and possibly make adaptation towards less bandwidth/BLER dependencies. Adapted metrics for NR as much as possible should reflect the existing specifications.
	The requirement should be specified considering adaptation towards less bandwidth/BLER dependencies. 
“high priority”

	Receiver spurious emission
	For existing band and also new low bands, re-use as much as possible from existing specifications.
	Receiver Spurious emission domain requirements can be  conducted or OTA
	If regulatory requirement for mm-waves, it should be specified with “high priority” else no need to add this requirement

	Receiver in-channel 
	For existing band and also new low bands, re-visit the requirement and possibly make adaptation towards less bandwidth/BLER dependencies. Adapted metrics for NR as much as possible should reflect the existing specifications.
	The requirement should be specified as OTA only due to dependency with OTA only reference sensitivity and possibly make adaptation towards less bandwidth/BLER dependencies. Adapted metrics for NR as much as possible should reflect the existing specifications.
	The receiver in-channel requirements should be “added later if needed”

	Receiver performance
	For existing band and also new low bands, re-visit the requirement and possibly make adaptation for NR.
	The receiver performance requirements could possibly be specified as either conducted or OTA but OTA requirements should be carefully studied considering the diverse receiver architectures and testing with an environment emulating the channel response.
	The receiver performance requirements should be carefully studied considering the diverse receiver architectures and testing with an environment emulating the channel response.
“added later if needed”



The table 1 is more or less consider the WA/ above the roof top NR BS operation and thus for other NR BS classes additional consideration depending on deployment and applications should be considered.
Conclusion
In this paper, more specific aspects for NR transmitter and receiver aspects are discussed and an overview of possible future NR BS is presented. Depending on the frequency range and the need for beamforming, different requirement sets are presented were adapted requirement metrics discussion is initiated. 
Given the stringent time plan to create a response towards ITU-R and the fact that the compatibility parameters should more or less reflect the future RAN4 specifications, we encourage RAN4 to start the requirement discussion and work early where very many aspects need to be considered. 
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