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Introduction
Since early start of NR SI, the discussion on NR requirement overview has been initiated [1].                In [2], NR BS requirement overview for mm-waves were further discussed but no agreements reached in RAN4 beside a way forward [3] indicating the need to:
· For the next meeting, study further the purpose and possibilities for assigning a prioritization to the NR mm wave BS requirements work
In this paper, we further elaborate on prioritization for NR mm-wave BS requirement work.
Discussion
NR testability and the need for OTA requirements for mm-wave frequency ranges have being extensively discussed in RAN4 for quite some time. For mm-wave frequencies due to needed high level of integration, the “conductive” test methods would not be feasible, OTA test procedures would need to be developed in parallel with core requirements.
It should also be noted that the applicable frequency ranges for mm-wave band requirements (e.g. out-of-band blocking) if existing sub-6 GHz approach is used would be extremely large stretching to several hundred GHz resulting in significant but unnecessary test time, complexity and in some cases not even feasible to measure as OTA.
Considering the expected first release of NR in June 2018 or earlier where most probably both requirement for sub-6 GHz as well as mm-wave frequency bands should be covered, it is essential to consider the NR requirement coverage for mm-wave frequency bands in order to ensure timely progress and avoid inordinate test complexity. Note that there are ongoing discussions on band candidates covering mm-wave frequencies up to ~40 GHz.
Extensive work on the mm-wave technology performance and limitations for most involved components and sub-systems involved in the transceiver chain has been presented e.g. the noise figure values for example frequencies of 30 GHz, 45 GHz and 70 GHz. Another complex dependency thoroughly analyzed was the relation between the output power, ACLR and power efficiency where for the example frequencies the ACLR did indeed differ. This implies that for different frequency bands within mm-wave frequency ranges, band specific requirement would be necessary and consequently multiple sets of requirements.
As we approach the end of NR SI and start the NR WI, the OTA requirement coverage i.e. the requirements to cover (and requirements that are excluded) should be discussed and settled early, with highest priority for requirements that affect the system performance and compatibility for mm-wave frequencies taking to account the fact that some of the sub-6 GHz requirements are not appropriate for mm-wave frequency ranges. 
The requirements aspects in this paper is summarized in Table 1 where proposal and rationale for “high priority” requirements as well as “excluded” is elaborated.


Table 1	NR BS requirement overview
	Requirement category
	mm-wave and higher frequencies “OTA only”
38-series

	Channel numbers
	New channel numbers would be necessary for the new bands at higher frequencies.
“high priority”

	EIRP accuracy 

	Re-use EIRP as developed in AAS/eAAS with needed adaption for deployment and mm-wave technology.
TRP measurement is indirectly needed due to ACLR which is expressed as TRP.
“high priority”

	Unwanted emissions
	Both in-band and general spurious emission in terms of absolute emissions
“high priority”
ACLR should be measured as the ratio between wanted and unwanted signal at adjacent channels. 
“high priority”
Co-existence spurious emission should be considered while the levels should be adapted to mm-wave frequency ranges.
“high priority”
Co-location spurious emission requirements should be excluded as for mm-wave frequency ranges, the minimum detectable levels in the far field would be significantly higher than corresponding co-location levels so the requirement is not feasible to measure.
“Excluded”

	Transmit inter-mod
	As the isolation for mm-wave frequencies should be re-calculated and will be much greater than 30dB used in sub-6 GHz due to propagation conditions, the requirement is not stressful for the implementation and add no value. This requirement should be excluded.
“Excluded”
Note that, the intra-array coupling impact is captured by the “in-band unwanted emission” requirements measured as TRP or TRP “equivalent”.

	Signal quality
	New EVM and Frequency error level depending the frequency band and modulation should be specified with “high priority”
Frequency error “high priority”
TAE should be excluded as it is indirectly captured in any type of beam oriented requirement.
“Excluded”

	Transient handling
	Transient handling requirement should be re-considered and adapted for mm-wave frequencies and the corresponding numerologies and timing requirements.
 “high priority”

	Transmitter dynamics
	Transmitter dynamic requirement has been questioned even for sub-6 GHz and we see no added value in including this requirement for mm-wave frequency ranges and thus should be excluded.
“Excluded”

	Beam domain 
	Should be carefully studied before requirement definition and metrics are added. For the first releases, maybe a limited number of requirements should be considered.
“high priority”

	Receiver sensitivity
	The requirement should be specified as minimum OTA sensitivity and relevant levels for mm-wave frequencies should be specified.
“high priority”

	Receiver blocking

	The in-band requirement should be specified considering adaptation towards less bandwidth/BLER dependencies.
“high priority”
For Narrow band blocking, as the NR would have larger carrier bandwidths at mm-wave frequencies the narrow band blocking requirements are obsolete and should be excluded.
“Excluded”
The out-of-band blocking requirement should be excluded as for mm-wave frequencies, this frequency range for this requirement would be up to several hundred GHz and thus extremely costly and time consuming. If there is a known system at certain frequencies, proper ranges, and levels similar to co-existence levels should be added to the specification.
“Excluded” but more specific (frequency range / blocking level) should be added.
Co-location requirement with interferer power generated at far field would require extreme level of power which is not feasible and thus should be excluded.
“Excluded”

	Receiver intermodulation
	The requirement should be specified considering adaptation towards less bandwidth/BLER dependencies.
“high priority”

	Receiver dynamics
	The requirement should be specified considering adaptation towards less bandwidth/BLER dependencies. 
“high priority”

	Receiver spurious emission
	If regulatory requirement for mm-waves, it should be specified with “high priority” else no need to add this requirement

	Receiver in-channel 
	The receiver in-channel requirements should with proper adaptation be included as due to larger bandwidths and homodyne receiver architecture, the receiver in-channel selectivity should be specified.
“high priority”

	Receiver performance
	The receiver performance requirements should be carefully studied considering the diverse receiver architectures and testing with an environment emulating the channel response. Significant simplifications might need to be considered.
“high priority” with simplified requirements but this requires further studies.



The table 1 is considered for a “general purpose” NR BS operation and thus for other NR BS classes additional consideration depending on deployment and applications might be considered.
Proposal 1:
RAN4 should adopt the requirement priority essential from system and performance point of view, stated in this document to ensure reasonable requirement and test complexity for mm-wave frequencies.
Conclusion
In this paper, the NR requirement aspects and prioritization was further elaborated. For NR mm-wave frequencies considering the complexity of OTA requirements and testing, the “requirement coverage“ for mm-waves with 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 were proposed. As some sub-6 GHz requirements are not either appropriate or corresponding values for mm-wave frequencies are not measurable, it was also proposed to exclude some requirements.
We thus propose the following:
Proposal 1:
RAN4 should adopt the requirement priority essential from system and performance point of view, stated in this document to ensure reasonable requirement and test complexity for mm-wave frequencies.

[bookmark: _In-sequence_SDU_delivery]References
[1]	R4-162080, “NR BS requirement overview”, Ericsson
[2]	R4-1609949, “NR BS requirement overview for mm wave”, Ericsson
[3]	R4-1610633, “Way forward on NR BS requirements prioritization for mm wave”, Ericsson


	3/4	
