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Introduction
ECC has published a decision [1] for rules governing the unlicensed usage of the frequency band 5945 – 6425 MHz available for mobile service, fixed service, and fixed-satellite service in Europe.  It was agreed [2] that technical work to define technical requirements for a new band covering this spectrum should commence in RAN4.  This contribution evaluates the requirements in [1] and discusses how they may be implemented in 38.101-1 as the requirements for a new NR-U band.  Another possibility not discussed in this contribution is to enhance the existing Band n96 to cover this band since there is overlap in the frequency range.
Discussion
ECC technical conditions
The general requirements for NR-U have already been specified in 38.101-1 [3].  Therefore, the band-specific requirements only need to be addressed to add a new NR-U band into the specification.  Significantly, the regulatory requirements should be captured.  From [1], two categories of devices are considered:  LPI (low power indoor) and VLP (very low power) with technical conditions as shown below
	Parameter
	Technical conditions

	
	LPI
	VLP

	Permissible operation
	Restricted to indoor use only
(including trains where metal coated windows (note 1) are fitted and aircraft)
Outdoor use (including in road vehicles) is not permitted.
	Indoors and outdoors
Use on drones is prohibited

	Category of device
	An LPI access point or bridge that is supplied power from a wired connection, has an integrated antenna and is not battery powered.
An LPI client device is a device that is connected to an LPI access point or another LPI client device and may or may not be battery powered.
	The VLP device is a portable device

	Frequency band
	5945-6425 MHz
	5945-6425 MHz

	Channel access and occupation rules
	An adequate spectrum sharing mechanism shall be implemented.
	An adequate spectrum sharing mechanism shall be implemented.

	Maximum mean e.i.r.p. for in-band emissions (note 2)
	23 dBm
	14 dBm

	Maximum mean e.i.r.p. density for in-band emissions (note 2)
	10 dBm/MHz
	1 dBm/MHz

	Narrowband usage maximum mean e.i.r.p. density for in-band emissions (note 2) (note 3)
	N/A
	10 dBm/MHz

	Maximum mean e.i.r.p. density for out-of-band emissions below 5935 MHz (note 2)
	-22 dBm/MHz
	-45 dBm/MHz (note 4)

	Note 1: Or similar structures made of material with comparable attenuation characteristics.
Note 2: The "mean e.i.r.p." refers to the e.i.r.p. during the transmission burst, which corresponds to the highest power, if power control is implemented.
Note 3: Narrowband (NB) devices are devices that operate in channels bandwidths below 20 MHz. Narrowband devices also require a frequency hopping mechanism based on at least 15 hop channels to operate at a PSD value above 1 dBm/MHz.
Note 4: ECC will study the appropriateness of this level of OOBE by 31/12/2024. In absence of the justified evidence, a value of -37 dBm/MHz will be adopted from 1 January 2025.


Device category
ECC defines two device categories:  LPI and VLP.  The LPI client is intended to be operated indoors connected to an LPI access point that is fixed.  The VLP client is permitted to operate both indoors and outdoors.  To minimize interference caused to other services without the benefit of indoor confinement of radio waves, the VLP devices are instead limited in output power, PSD, and spurious emissions.  Thus, the categories for devices are distinguished by the network in which they operate and in their allowed maximum output power (MOP), maximum power spectral density (PSD), and additional spurious emissions (ASE).  From a 3GPP perspective, the specifications are not defined according to device type.  The same UE RF specification applies to all device types regardless of their end product form factor.  However, the characteristics associated with the LPI and VLP device categories can be reflected in the 3GPP requirements.  The requirements on MOP, PSD, and ASE can be signaled to the UE by the access point/basestation under which it operates.  For example, an NS can be defined with requirements consistent with LPI operation and another NS with requirements consistent with VLP.  The basestation depending upon its installation and network operational mode (whether it is LPI or VLP) then broadcasts the appropriate NS cell-wide.  All UE’s connecting to this cell are then obligated to fulfill the MOP, PSD, and ASE requirements indicated by the network signaling.
Proposal:  It is proposed to define two NS values for the new band:  NS_XX for LPI and NS_YY for VLP.  
A potential problem exists if a UE operating outdoors connects to an indoor basestation.  In this case, the UE will receive the NS_XX indication from the LPI basestation and potentially transmits in violation of VLP MOP, PSD, and ASE.  Solutions for this problem if needed are beyond the scope of UE RF specifications.
Output power, PSD, and additional spurious emissions
As described above, the NS mechanism is proposed to be utilized to indicate the LPI or VLP requirements on MOP, PSD, and ASE.  In the event that neither NS_XX nor NS_YY is indicated by the network for this band, the UE shall not connect to the cell.  It is noted the maximum output power can also be signaled by the Pemax IE from the basestation.  An ambiguity may result if the Pemax is different than the allowed maximum output power associated with the signaled NS.  It should be specified that the allowable maximum output power for the UE is the minimum of the NS specified power and the Pemax if signaled.  In this way, the UE will never transmit at a power higher than allowed by either the NS or the Pemax.
The MOP, PSD, and ASE requirements are specified in terms of EIRP in the ECC decision.  On the other hand, 3GPP requirements specified in 38.101-1 are conducted requirements at the antenna port.  To convert between regulatory radiated requirements and 3GPP specified conducted requirements, it is customarily assumed that a ≤ 0 dBi omni-directional antenna is used in the UE.  Thus, the radiated requirements are directly mapped to conducted requirements with 0 dB conversion.  Of course, it is the responsibility of the OEM to ensure that the end product is ultimately compliant with the radiated regulatory requirements, regardless of whether it complies with 3GPP conducted requirements.
Proposal:  0 dBi antenna gain is assumed for the purpose of deriving 3GPP specifications on MOP, PSD, and ASE.
The maximum output power for LPI is 23 dBm by regulation so PC5 and PC3 for NR-U can be considered.  However, the maximum output power for VLP is only 14 dBm.  Thus a new power class is possibly needed for VLP.
Observation:  A new power class may be needed for VLP.
Future modification of additional spurious emission
One other noteworthy aspect of the additional spurious emission requirement is that for VLP, the limit may be adjusted after further study by ECC.  The current limit is -45 dBm/MHz, but may be modified after further study.  The default value unless shown otherwise is -37 dBm/MHz to be taken into effect after January 1, 2025.  3GPP specifications do not currently accommodate time dependent requirements, and even if they were modified to do so, the requirement itself will not be known until after ECC study at some future time.  In the meantime, 3GPP specifications need to be made available to enable device development presently.  Two options are listed for consideration
1. Define only the requirements that are known today, i.e., -45 dBm/MHz, and revisit the requirement if and when it is changed in the future.  Existing UE’s will continue to comply with -45 dBm/MHz and will not violate the emission requirement assuming the modification is a relaxation to the requirement.  However, the existing UE’s to meet -45 dBm/MHz will likely transmit at lower power than they otherwise could assuming that ASE limits the maximum output power rather than the limit on MOP or PSD.
2. Define both -45 dBm/MHz and -37 dBm/MHz in different NS values today.  Networks should only enable the second NS after 2025.  The benefit of this approach is that UE’s designed even today will be capable of supporting the new requirement immediately when it comes into effect.  The detriment is in case the new requirement is different from -37 dBm/MHz, the UE’s will not be correctly designed.

In the future, when the new requirement comes into effect, a new NS will be signaled by the network.  Newer UE’s will be designed to this new NS and will comply to the new emission requirement likely with higher transmit power (smaller A-MPR).  On the other hand, legacy UE’s unless they can be upgraded will not comprehend the new NS and therefore should not connect to the cell.  To enable the legacy UE’s to continue to operate after the new requirement becomes effective, the network should utilize the “multiple NS signaling” approach.  With this approach, the legacy NS is signaled by the network so that legacy UE’s can still connect.  However, the new NS is also signaled in a secondary field so that newer UE’s can connect to the cell and take advantage of the higher transmit power, if available.

The future requirement is not yet known and 3GPP does not generally define specifications until regulatory requirements are known with certainty (in fact, it was agreed that the technical work for this band could not be started until regulations were finalized for at least one country).  Moreover, the ECC decision implies that a future modification of the requirement is likely to be a relaxation; hence, there is no risk that legacy UE’s meeting -45 dBm/MHz will generate more interference than allowed by the new requirement.  Lastly, the potential benefit in adopting the new requirement in the ability to transmit with higher power should be quantified by A-MPR study with the actual benefit highly dependent upon the particular PA implementation.  Any benefit of being able to use a lower cost filter to meet the relaxed ASE is also dubious since legacy UE’s will not be able to change hardware front-end circuitry.  Therefore, it is proposed to adopt option 1 above.

Proposal:  Adopt option 1 whereby only the known requirement of -45 dBm/MHz additional spurious emission for VLP is adopted today.  If the requirement is modified in the future, specification changes can be evaluated at that time after there is certainty in the requirement.
Channel access
NR-U incorporates listen-before-talk (LBT) channel access which fulfills the ECC requirement “An adequate spectrum sharing mechanism shall be implemented.”
Narrowband usage
The ECC decision allows a higher PSD (10 dBm/MHz compared to 1 dBm/MHz) for VLP operating in a channel smaller than 20 MHz when frequency hopping with at least 15 hop channels is employed.  The ECC decision does not provide details on the required hopping dwell time, hop frequency span, etc.  Presumably, LBT could be avoided for narrowband usage since the frequency hopping itself might be regarded as a spectrum sharing mechanism.  Nonetheless, NR-U is not currently designed with such mechanisms in place and channel bandwidths are envisioned to be 20 MHz and larger.  Therefore, the allowance of higher PSD for narrowband usage is not expected to be available for NR-U.
A-MPR assumptions
A-MPR is anticipated for this band.  An emission requirement of -22 dBm/MHz for LPI or -45 dBm/MHz for VLP applies 10 MHz below the lower band edge.  Compared to an in-band PSD of 10 dBm/MHz and 1 dBm/MHz, respectively, the required attenuation is 32 dB and 46 dB.  It is expected that channels near the low edge of the band will require A-MPR to meet these emission requirements.  In conducting the A-MPR studies, it is proposed that filter attenuation is not assumed at 10 MHz offset.  At relatively small offset, the filter rejection is not expected to be significant.  Moreover, it is likely that the filter may be shared between this band and other 6 GHz bands, namely Band n96.  The emission requirement for this band at 5935 MHz lies within the passband of the Band n96 filter, so no rejection will be available.  For the PC5 PA model, it is proposed to reuse the same PA model and calibration setpoint as for agreed for Band n96 [4].  For PC3 and for VLP, the PA model should be discussed.  Especially for VLP, it should be discussed whether a new PA model should be assumed or whether a single device should be allowed to support both LPI and VLP with the same PA, but with reduced power and lower efficiency at VLP power levels.  Alternatively, a purpose-built PA for VLP may also be considered for higher power efficiency and longer battery life, but probably requiring more power backoff to meet emissions since it will be operating near saturation.
Proposal:  Filter rejection is not assumed in deriving A-MPR to meet the spurious emission requirement at 5935 MHz.
Proposal:  The same PA model and calibration setpoint from Band n96 studies is used in the evaluation of A-MPR for this band for PC5.  PA model for other power classes to be further discussed.
Simulation results were not available at the time of this writing and will be presented in future contributions.
Conclusion
This contribution summarizes the UE RF requirements needed to meet the ECC decision for the 6 GHz unlicensed band in Europe.  The proposals provided in this contribution are summarized below.  The contribution describes the definition of a new band for this spectrum, but another possibility is to enhance the existing Band n96.  In either case, the following principles and proposals equally apply.
Proposal:  It is proposed to define two NS values for the new band:  NS_XX for LPI and NS_YY for VLP.  
Proposal:  0 dBi antenna gain is assumed for the purpose of deriving 3GPP specifications on MOP, PSD, and ASE.
Proposal:  Adopt option 1 whereby only the known requirement of -45 dBm/MHz additional spurious emission for VLP is adopted today.  If the requirement is modified in the future, specification changes can be evaluated at that time after there is certainty in the requirement.
Proposal:  Filter rejection is not assumed in deriving A-MPR to meet the spurious emission requirement at 5935 MHz.
Proposal:  The same PA model and calibration setpoint from Band n96 studies is used in the evaluation of A-MPR for this band for PC5.  PA model for other power classes to be further discussed.
Reference
[1] [bookmark: _Hlk859252]ECC Decision (20)01, “On the harmonised use of the frequency band 5945-6425 MHz for Wireless Access Systems including Radio Local Area Networks (WAS/RLAN),” 20 November 2020.
[2] RP-202592, “WID on introduction of lower 6GHz NR unlicensed operation for Europe,” Nokia, Nokia Shanghai Bell
[3] R4-2017837, “Removal of square brackets for 38.101-1 NR-U,” Qualcomm Incorporated
[4] R4-2005221, “WF on NR-U UE Tx Requirement,” Skyworks Solutions, Inc., Nokia, Ericsson

1

2

