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Introduction 
In RAN1 #92, the study on NR-based access to unlicensed spectrum has started and the following agreement was made [1]. 
	Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).
· FFS: The definition of the frequency ranges
· Note: Optimizations for a particular frequency band may be necessary.
· Note: Channel bandwidths below 5 MHz are not targeted
· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.
· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.
· The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands.



The main motivation behind the agreement is to have common design that can be used over particular frequency ranges from RAN1 PHY design perspective, i.e., band-agnostic within applicable frequency range by accommodating relevant regulations within the frequency range for PHY design. By doing so the RAN1 design efforts can be minimized. 
Definition of the frequency ranges
The following is the list of potential unlicensed spectrums that can be considered for NR-unlicensed operation [2]:
· Low frequency bands:
· Sub-1 GHz band: 902-928 MHz band is allocated in US (FCC Part 15), while 863-868.6 MHz band is allocated in EU (ETSI EN 300 220). It is 915.9-929.7 MHz in Japan, 917-923.5 MHz in South Korea, and 755-779 MHz and 779-787 MHz in China.
· 2.4 GHz band: 2.4-2.4835 GHz ISM band has global availability
· 3.5 GHz band: In the US, the Citizens Broadband Radio Service (CBRS) band in 3.55-3.7 GHz allows general authorized access (GAA) similar to unlicensed access.
· 5 GHz band: It spans in the US (FCC part 15) over 5.15-5.25 GHz, 5.25-5.35 GHz, 5.47-5.725 GHz, and 5.725-5.85 GHz bands, consists of four U-NII bands in total 500 MHz spectrum. In EU (ETSI EN 301 893), the band 4 spans over 5.725-5.875 GHz, in which the wireless access systems (WAS) are not operating in. In China, the band 3 is TBD. In Japan, the band 4 is not available.
· 6 GHz band: It is currently being considered to open the 6 GHz band for unlicensed use. 5925-7125 MHz band and 5925-6425MHz band are under consideration in US and EU, respectively.
· Higher frequency bands:
· 37 GHz band: In the US, 37-37.6 GHz band is expected to be opened.
· 60 GHz band: The 57-64/66 GHz band has near-global designation for Multi-Gigabit Wireless Systems (MGWS)/WiGig[footnoteRef:1]. In US (FCC part 15) allocates total 14 GHz spectrum, while EU (ETSI EN 302 567 and ETSI EN 301 217-2 for fixed P2P) allocates total 9 GHz spectrum. [1:  In US, it is up to 71 GHz. In South Korea, it is 57-66 GHz. In Australia, it is 59.40-62.90 GHz. In China, it is 56-64 GHz spectrum. ] 

The 6 GHz band that can be potentially open is not exactly confined within sub-7 GHz frequency range as it is proposed to be up to 7.125 GHz in US. On the other hand, sub-1 GHz band is somehow already not in the scope as it was noted that “channel bandwidths below 5 MHz are not targeted.” Consequently, it is proposed to define the lower frequency range for NR-unlicensed as 1 GHz – 7.125 GHz, which is identical for the operating frequency range of IEEE 802.11ax according to the amended PAR (Project Authorization Request). 
Proposal 1: The lower frequency range (LFR) for NR-unlicensed is defined as 1 GHz – 7.125 GHz.
The higher frequency range (HFR) definition requires further discussion as, at the current moment, it is unclear how the waveform for above 52.6 GHz will be designed. In other words, it may be the case that HFR needs to be further subdivided into two or not. 
Necessary regulatory consideration for lower frequency range (LFR)
Nominal channel bandwidth
The updated ETSI harmonised standard for 5 GHz states that “the nominal channel bandwidth for a single operating channel shall be 20 MHz” although it allows to operate in a bandwidth smaller than 20 MHz providing that the centre frequency is aligned assuming 20 MHz raster [3]. That is captured as “Alternatively, equipment may implement a lower Nominal Channel Bandwidth with a minimum of 5 MHz, providing they still comply with the Nominal Centre Frequencies defined in clause 4.2.1 (20 MHz raster).” The allowance of nominal channel bandwidth smaller than 20 MHz has been for the consideration of various industries, e.g., PMSE. Nevertheless, it is preferable that 20 MHz nominal channel bandwidth is considered for NR-unlicensed if NR-unlicensed system is operation in a band where Wi-Fi is operating; it has been the case of LTE LAA in consideration of coexistence with incumbent system. 
Proposal 2: The design for NR-unlicensed physical channel for lower frequency range (LFR) assumes nominal channel bandwidth of 20 MHz and integer multiples of 20 MHz, if operating in a band where Wi-Fi is operating. 
Occupied channel bandwidth (OCB)
The updated ETSI harmonised standard for 5 GHz states that “The Occupied Channel Bandwidth shall be between 80 % and 100 % of the Nominal Channel Bandwidth. In case of smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet this requirement. The Occupied Channel Bandwidth might change with time/payload.” Thus, if 20 MHz channel is used, then the occupied channel BW shall be equal to or greater than 16 MHz. On the other hand, it is stated that the OCB might change with time/payload, but it is our understanding that the allowed variance is within the range of 80 % to 100 %. 
On the other hand, the updated ETSI harmonised standard for 5 GHz also states that “During a Channel Occupancy Time (COT), equipment may operate temporarily with an Occupied Channel Bandwidth of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz.” However, the definition of temporary is ambiguous. Thus, it is preferable that NR-unlicensed design to consider to meet 80 % OCB rule in order to not to take any risk in the future if the regulation is updated such that the definition of temporary is specified. 
In 60 GHz, the ETSI harmonized standard for 60 GHz states that “The Occupied Channel Bandwidth shall be between 70 % and 100 % of the declared Nominal Channel Bandwidth” [4].  
Proposal 3: The design of NR-unlicensed physical channel for LFR shall consider minimum 80 % occupied channel bandwidth requirement. 
Figure 1 below illustrates the interlaced PRB design for LTE eLAA PUSCH, where interlace is the basic resource allocation unit. In the case of DL, satisfying the OCB regulation is not difficult as DL is point-to-multi-points transmission. In the case of UL, satisfying the OCB regulation is becoming more challenging as UL is multi-points-to-point transmission. The interlace design for LTE eLAA PUSCH had been such that a single interlace transmission can meet the OCB requirement and thereby allowing multiplexing of multiple UEs. 
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Figure 1. LTE interlace PRB design for PUSCH 
The following lists basic characteristics of LTE interlace design:
· One interlace is the basic unit of resource allocation, which is composed of 10 RBs for both 10 MHz and 20 MHz BW.
· 10 RBs are equally spaced in frequency domain. As an example, interlace 0 is composed of RBs 0, 10, 20, ..., 90.
· As in the legacy, the total number of RBs used for transmission should be a multiple of 2,3 and 5. Thus, scheduling 70 UL RBs is not supported.
· DMRS reuses the legacy generation sequence and symbol position. The frequency position is the same as PUSCH REs.
Power spectral density
The ETSI harmonised standard for 5 GHz describes maximum transmit power and power spectral density in terms of EIRP as follows [3]:
· Mean EIRP limit for maximum RF output power (dBm)
· 5.15 GHz – 5.35 GHz: 23 with TPC and 20/23[footnoteRef:2] without TPC. [2:  The applicable limit is 20 dBm, except for transmissions whose nominal bandwidth falls completely within the band 5.15 GHz to 5.25 GHz, in which case the applicable limit is 23 dBm. ] 

· 5.47 GHz – 5.725 GHz: 30[footnoteRef:3] with TPC and 273 without TPC.  [3:  Slave devices without a Radar Interference Detection function shall comply with the limits the frequency range 5.25 GHz – 5.35 GHz. ] 

· Mean EIRP limit density limit (dBm/MHz)
· 5.15 GHz – 5.35 GHz: 10 with TPC and 7/10[footnoteRef:4] without TPC. [4:  The applicable limit is 7 dBm/MHz, except for transmissions whose nominal bandwidth falls completely within the band 5.15 GHz to 5.25 GHz, in which case the applicable limit is 10 dBm/MHz. ] 

· 5.47 GHz – 5.725 GHz: 173 with TPC and 143 without TPC. 
The PSD limit also has an implication on the interlace design. When contiguous PRBs are used for transmission, the total transmission power will be rather restricted by PSD limit than the maximum transmit power limit when the total transmit bandwidth is not sufficiently wide. On the other hand, the use of interlaced PRBs allows to distribute the allocation of PRBs in frequency domain and allows to allocate the transmission power on particular PRB(s) permitted by PSD limit. 
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Figure 2. Illustration of PSD 1 MHz window assuming 15 kHz subcarrier spacing

Observation 1: The interlaced PRB allocation allows some degree of freedom in allocating transmission power per PRB within the allowed PSD limit while satisfying OCB regulation. 
Conclusion
In this contribution, we first discussed the frequency range definition for lower frequency unlicensed spectrums. After that, we discussed relevant regulations that may affect physical layer design of NR-unlicensed. The following proposals and observation were made during the discussion:
Proposal 1: The lower frequency range (LFR) for NR-unlicensed is defined as 1 GHz – 7.125 GHz.
Proposal 2: The design for NR-unlicensed physical channel for lower frequency range (LFR) assumes nominal channel bandwidth of 20 MHz and integer multiples of 20 MHz, if operating in a band where Wi-Fi is operating. 
Proposal 3: The design of NR-unlicensed physical channel for LFR shall consider minimum 80 % occupied channel bandwidth requirement. 
[bookmark: _GoBack]Observation 1: The interlaced PRB allocation allows some degree of freedom in allocating transmission power per PRB within the allowed PSD limit while satisfying OCB regulation. 
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