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1. Introduction

One of the challenges to specifying a global unlicensed band is that there are a myriad of regulatory requirement worldwide.  It is desirable that a UE design is able to operate anywhere in the world on Band 46, but this implies that it must meet all general requirements as well as local regulatory requirements.  This contribution is an extension of [1] and focuses on the NS conditioned UE Tx requirements.  A companion document in [2] discusses options for general requirements.
2. Discussion
For UE requirements such as maximum output power, configured output power, and spurious emissions, the usual approach is to define general requirements that all UE’s must meet in default, and then supplemental requirements that the UE must meet when signaled by the network via NS.  Typically, the general requirements are the least restrictive requirements and if more restrictive requirements are necessary or desired in the deployment, usually to comply with regulatory rules or specific coexistence conditions, then the applicability of these are signaled by NS.  We propose that a similar approach be taken for eLAA Band 46.  An approach for region specific requirements, conditioned by NS, are discussed below.
2.1. General approach

Before discussing particular requirements, it is beneficial to establish a general approach to specify the region-specific requirements.  Because the frequency range encompassed by this band is very large and available worldwide in an unlicensed manner, there are a very large number of regional requirements that may apply, some of which are not yet decided or are still likely to evolve.  Therefore, it is impractical to capture each region’s requirements individually in the 3GPP specifications.  Another alterative is to capture the most stringent requirement in the 3GPP specifications with the logic that if the device meets the most stringent requirement, then it meets all other less stringent requirements applicable in other regions.  However, this approach would be unnecessarily limiting since in order to meet very stringent requirements, tradeoffs will have to be made, for example in available Tx power, in power consumption, cost, etc.  Instead, it is proposed that a number of representative sets of requirements be defined, each set associated with a NS value.  Additional NS values can be added as needed in the future, but it should be considered that a large number of NS values adds additional design constrains and test burden to the UE.  If a very large number of NS values is desired, then one approach is to make support of NS’s optional and to introduce the requisite signaling.  However, our recommendation is to limit the number of NS’s for the band in its initial definition.  This limit can be discussed after further study.
2.2. Applicable requirements

We next consider the applicable regional requirements that may be signaled by NS.

2.2.1. Maximum output power

Maximum output power is typically limited to 23 dBm EIRP by regulations.  In ETSI regions, there is a restriction to 20 dBm if transmit power control (TPC) is not used.  However, since LAA includes transmit power control from the basestation, the full 23 dBm can be used in these regions.  Moreover, maximum output power can be controlled by P-max IE.  Therefore, it is not necessary to include maximum output power restriction by NS.

2.2.2. Waveform-dependent maximum output power

While the previous section suggested that there is no need for maximum output power restriction by NS generally, there is the need to introduce waveform-dependent power restrictions.  Most regulators include a PSD restriction when operating in various frequency ranges of Band 46.  For example, the FCC imposes a restriction of 11 dBm/MHz when operating in 5250 – 5350 MHz and 5470 – 5725 MHz.  Similarly, ETSI imposes a restriction of 10 dBm/MHz when operating 5150 – 5250 MHz and 5250 – 5350 MHz with TPC.  A PSD restriction implies a restriction to output power since LAA transmissions are uniform in PSD over the transmission bandwidth.  Given the working agreement in RAN1 [3] on the eLAA uplink waveform, the 20 MHz channel is divided into 10 clusters with each cluster holding up to 10 interlaces.  The smallest transmission consists of a single interlace which consists of a single RB per cluster for a total of 10 RB’s over 16.2 MHz.  The maximum allowed output power for this waveform when constrained by a 10 dBm/MHz PSD limit is 20 dBm.  For an uplink waveform where all 10 interlaces per cluster are populated, this is analogous to a fully allocated LTE waveform.  In this case, 18 MHz of bandwidth are fully occupied so the PSD limit implies a maximum allowed transmit power of 22.6 dBm.  A maximum output power requirement, as a function of the number of RB’s allocated, could be defined.  In fact, a construct similar to the existing MPR definition for small allocations vs. large allocations in LTE can be considered although in this case it would be an A-MPR.  However, there may be two different sets of A-MPR required since there are two distinct requirements – either 10 dBm/MHz or 11 dBm/MHz – that are not distinguishable by the waveform itself.

2.2.3. ACLR

In most regulatory regimes, ACLR itself is not defined.  Japan is an exception where the ACLR is required to be -25 dBc and the second ACLR at -40 dBc.  Other regulators define an effective ACLR in terms of a transmit or spectrum emission mask.  Therefore, there is no need to include ACLR in an NS requirement.

2.2.4. Spectrum emission mask

The spectrum emission mask for LAA is restricted by the transmit mask specified by ETSI for Europe.  In other regions, the out-of-band emissions are specified at absolute frequencies outside of the band.  A comparison between the general SEM and ETSI mask is shown below for a 20 MHz channel.  It can be seen that the ETSI mask is tighter than the LTE general SEM mask and can be included in an NS requirement.
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2.2.5. Spurious emissions

Spurious emission requirements are the most varied among the different regions and for different frequency ranges within the 5 GHz band.  It is envisioned this diverse set of requirements can be consolidated into a small number of sets by merging requirements from different regions where possible.  The details of such a proposal are still under investigation and not available at the time of this paper.

3. Conclusion
This contribution offers a viewpoint on how to define regional emission requirements for Band 46.  The proposal is that the applicability of regional requirements is signaled by NS.  The NS values would be defined in the 36.101 specification to include such factors as waveform dependent backoff as related to PSD, ACLR, spectrum emission mask, and spurious emissions.  A finite set of NS values is proposed to be defined with specific sets of requirements associated to each one.  The A-MPR would then need to also be computed for each NS.  One cautionary note with this approach, however, is that some regulatory agencies have been unwilling to accept an optionally signaled parameter (i.e., NS) as a pre-condition for UE compliance to emission requirements.  This is a contradiction to the approach used by 3GPP to define global requirements where requirements may differ in different parts of the world.  This contradition continues to challenge regulatory certification for devices in some countries.
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