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1 Introduction

This contribution describes the UL PUSCH waveform proposed for eLAA and discusses whether it complies with the Power Spectral Density (PSD) regulations in the 5 GHz spectrum, as specified in different regulatory domains. 

2 Discussion
Power Spectral Density (PSD) regulations in the unlicensed spectrum mostly specify the PSD limit with a granularity of 1 MHz.  For example, the ETSI regulations [1] specify that the PSD of devices in 5.150 – 5.350 GHz shall be limited to 10dBm/ 1MHz.  Similarly, the FCC regulations [2] specify that the PSD of client devices in 5.150 – 5.250 GHz shall be limited to 11dBm/MHz.

1. 802.11 technologies interpret the PSD limit to imply that the emission levels are evenly distributed throughout the transmission bandwidth. Given this interpretation, a PSD represented as 10dBm/ 1MHz is equivalent to 0dBm/ 100 KHz is equivalent to -20dBm/ 1KHz.

2. 3GPP RAN1 has interpreted the PSD regulation differently.  According to RAN1, the assumption of even distribution of emission across the transmission bandwidth is not valid. So, 3GPP has designed an uplink waveform for LAA that will allow an LAA UE in 5.150 – 5.350 GHz, to transmit at 10dBm over 180KHz, each such 180KHz block being repeated once every 2MHz.  
However, on investigation we find the following:

3. The intent of the PSD and the EIRP regulation in 5GHz, for example in 5.150-5.250 GHz, is to prevent “unacceptable levels of interference into the feeder uplinks of the non-GSO Mobile Satellite Service” as specified in the proposal [3]  by the US National Telecommunications and Information Administration (NTIA) submitted to the World Radiocommunication Conference 2003 (WRC-03) for regulations in the band 5.150- 5.250 GHz. This proposal also mentions the following (in page 2 proposal 5.447x):

· In order to protect the non-GSO MSS feeder links (Earth-to-space) in 5 150-5 250 MHz from interference caused by devices and stations in the fixed and mobile services, the following measures shall be taken:

· these devices shall be limited to a maximum average e.i.r.p. of 23 dBm and a maximum average e.i.r.p. spectral density of 10 dBm in any 1 MHz

· these devices shall be limited to indoor applications only

· for signals with occupied bandwidths of 1 MHz or less, the e.i.r.p. spectral density, in the occupied bandwidth B in MHz, shall not exceed 10 dBm + 10log10(B) (dBm/B MHz)

The last condition scales the PSD to sub-1MHz bandwidth and thus disallows concentrating power over 180KHz.

4. The above proposal from NTIA was submitted to ITU as part of agenda item 1.6 of WRC-03.
5. Agenda item 1.6 of WRC-03 [4] specifies the following:

· 1.6   to consider regulatory measures to protect feeder links (Earth-to-space) for the mobile-satellite service which operate in the band 5 150-5 250 MHz, taking into account the latest ITU-R Recommendations (for example, Recommendations ITU-R S.1426, ITU-R S.1427 and ITU-R M.1454)

6. The reference document ITU-R M.1454 [5] specifies 

· E.i.r.p. density limit and operational restrictions for RLANS or other wireless access transmitters in order to ensure the protection of feeder links of non-geostationary systems in the mobile-satellite service in the frequency band 5 150-5 250 MHz. 
It contains the following regulation (in page 2 clause 1):

· that administrations should ensure that the mean* e.i.r.p. density limit of RLAN or other wireless access transmitter devices operating in the band 5 150-5 250 MHz should be no greater than 10 mW in any 1 MHz (or equivalently 0.04 mW in any 4 kHz) per transmitter
7. That the intent of the PSD regulation is to evenly spread the emission is further supported by the amended FCC rules in 5 GHz for UN-II devices [6]. In the section on PSD, this document describes the FCC’s efforts to harmonize the different PSD limits in 5.150 – 5.250 GHz, as specified in Section 15.247(e) [7] and 15.407(a)(3) [2]. The document contains the following text which states that the FCC proposes to modify the PSD limit to 30dBm/500KHz to make it equivalent to the PSD limit of 8dBm/3 KHz under the assumption of even distribution of emission levels over the entire bandwidth. 
· Section 15.247(e) permits a maximum PSD of 8 dBm/3 kHz (33 dBm/MHz), whereas § 15.407(a)(3) permits a maximum PSD of 17 dBm/MHz. ….The Commission did not adopt the proposed PSD limit of 33dBm/MHz because it would exceed the conducted power limit of 1 Watt specified in § 15.247(b)(3), which it is incorporating into the consolidated rule; the Commission instead calculates a PSD limit that can be practically measured and would not be higher than the conducted power limit of 30 dBm. The Commission adjusts the 33 dBm/MHz proposed in the NPRM by simply converting the PSD into a smaller bandwidth such that the power allowed in that bandwidth does not exceed 30 dBm. The Commission modifies the PSD limit by decreasing the power by 3 dB, and at the same time reduces the bandwidth by half, making the PSD that it adopted 30 dBm/500 kHz. Assuming that emission levels are evenly distributed throughout the bandwidth, this is equivalent to the 8 dBm/3 kHz (33 dBm/MHz) that was proposed in the NPRM.

8. The above FCC document further mentions that it prefers to specify the PSD over wider measurement bandwidths (say 1 MHz) and not over very narrow measurement bandwidths (say 3 KHz) as using the latter will make the lab verification process to be very long, especially for devices that use channel bandwidths of 20 MHz or wider:

· The Commission continues to believe that the 3 kilohertz measurement bandwidth is unnecessary, as it creates an exceedingly long time for labs to complete the measurements for devices that use 20 megahertz or even wider channels. With the introduction of 80 and 160 megahertz channels with the IEEE 802.11 ac standard, the time to complete a single measure would increase significantly.  

From the NTIA proposal to WRC-03 [3] , the corresponding ITU recommendation [4]  and the motivation for the amended PSD regulations in 5 GHz as described by FCC [6], it seems clear that the PSD limit in 5.150 – 5.250 GHz assumes that emission levels are evenly distributed throughout the transmission bandwidth. Hence, the eLAA UL waveform that concentrates the entire allowable power over 1 MHz into a narrower 180 KHz bandwidth is not allowed by regulations. We also note, that the above arguments and references can be extended to cover operations over the entire 5 GHz unlicensed spectrum.
Observation 1: The underlying assumption of the PSD regulations in 5 GHz, even when they are specified at a 1 MHz granularity, is that the desired emission from the device is evenly distributed throughout the transmission bandwidth. 

Observation 2: Given the above assumption and intent, the eLAA UL waveform that concentrates the entire allowable power over 1 MHz within a narrower bandwidth of 180 KHz is not allowed by regulations.
Proposal 1: The eLAA UL waveform shall be modified to satisfy the PSD regulations. Multiple approaches are possible and should be explored.
3 Observations and Conclusions
Observation 1: The underlying assumption of the PSD regulations in 5 GHz, even when they are specified at a 1 MHz granularity, is that the desired emission from the device is evenly distributed throughout the transmission bandwidth. 

Observation 2: Given the above assumption and intent, the eLAA UL waveform that concentrates the entire allowable power over 1 MHz within a narrower bandwidth of 180 KHz is not allowed by regulations.

Proposal 1: The eLAA UL waveform shall be modified to satisfy the PSD regulations. Multiple approaches are possible and should be explored.
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