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Introduction

In the last RAN4#96e meeting, there were extensive discussions on NR-U Tx and Rx remaining requirements, however there were no consensus made for lots of RF requirements. In the coming RAN#89e meeting, for sake of completion of NR-U core requirements at targeted date, it was compromised to resolve all parameters in square brackets and TBDs at next RAN4#97e meeting. 
Resolve all parameters in square brackets and TBDs, including UE REFSENS

CR for 38.101-3

Medium range base station requirements

As second priority if time permits, 60kHz SCS, with separate discussions between (1) a single carrier 20 MHz SU with 60 kHz SCS and (2) wideband operation

Therefore in this contribution, we share further inputs for the remaining issues left for NR-U BS requirements for further discussion.
Discussion 

The remaining open issues for NR-U BS requirements are briefly summarized in the following to further discussion:
Medium range base station requirements;   

IBB/OOBB requirements for NR-U BS at 6GHz;

ΔfOBUE and ΔfOOBB for NR-U BS at 6GHz;
LO leakage exception for NR-U BS Tx; 

co-existence requirements between 5GHz and 6GHz; 
Medium range base station requirements

In the last RAN#89e meeting, CR to TS38.104 [3] was approved with channel raster and sync raster for n96 and other RF requirements still kept the square bracket. Based on channel raster proposed in CR [3] and demonstrated in the following Figure 2.1-1/2, it could be easily found that there are lots of carriers across U-NII-6 and U-NII-7 e.g. 40MHz@6525MHz, 80MHz@6545MHz, 60MHz@ 6535MHz and lots of carries across U-NII-7 and U-NII-8 e.g. 20MHz@6875MHz, 40MHz@6885MHz, 80MHz@6865MHz, 60MHz@6855MHz and 6875MHz.

In addition,based on the FCC report [4], there will be different maximum EIRP limits imposed on different U-NII bands which is also shown in the following Table 2.1. In other words, when carriers across U-NII bands are deployed in field, whether AFC or Non-AFC should be used and which kind of EIRP limit should be imposed on that carriers should be discussed in RAN4 to give clear guidance how NR-U BS could be built on that channel arrangement. 

In the previous RAN4#96 meeting, there were proposals in GTW session to restrict the whole NR-U 6GHz band to indoor deployment only where limited maximum EIRP could be applied which seems okay to resolve the unequal maximum EIRP limits imposed on different U-NII bands. However if medium range BS deployments are also expected to be applied across the entire 6GHz bands, then it’s very essential to further discuss the carriers across U-NII bands.  
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Figure 2.1-1 carriers cross U-NII-6 and U-NII-7
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Figure 2.1-2 carriers cross U-NII-7 and U-NII-8

	Device Class
	Operating 

Bands
	Maximum EIRP


	Maximum EIRP Power Spectral Density 

	Standard-Power Access Point

(AFC Controlled)
	U-NII-5 (5.925-6.425 GHz)

U-NII-7 (6.525-6.875 GHz)
	36 dBm
	23 dBm/MHz

	Client Connected to Standard-Power Access Point
	
	30 dBm
	17 dBm/MHz

	Low-Power Access Point (indoor only) 
	U-NII-5 (5.925-6.425 GHz)

U-NII-6 (6.425-6.525 GHz)

U-NII-7 (6.525-6.875 GHz)

U-NII-8 (6.875-7.125 GHz)
	30 dBm
	5 dBm/MHz

	Client Connected to Low-Power Access Point
	
	24 dBm
	-1 dBm/MHz


Table 2.1. maximum EIRP limit
Proposal 1: further discuss how to apply the FCC requirements and AFC or non-AFC policy for the carriers across U-NII bands;

IBB/OOBB requirements for NR-U BS at 6GHz
As the interfering signal power level of FR1 IBB requirements is related with NF of wanted signal, NF for LA BS at 6GHz was approved as 14dB different from that of LA BS at 5GHz, therefore the proposed value for IBB interfering signal power level should be -34dBm instead of -35dBm.
	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)
	Interfering signal centre frequency minimum offset from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
	Type of interfering signal

	20, 40, 60, 80
	PREFSENS + 6 dB
	Local Area BS: [-34] 
	±30
	20 MHz DFT-s-OFDM NR signal

15 kHz SCS, 100 RBs

	NOTE 1:
PREFSENS depends on the RAT. For NR, PREFSENS depends also on the BS channel bandwidth as specified in tables 7.2.2-1, 7.2.2-2 and 7.2.2-3. 


In addition, for BS OOBB requirement -15dBm CBW signal was inherited from UTRA UE OOBB requirement @2GHz. For NR-U operating at 6GHz, as the operation frequency has increased a lot compared with 2GHz and MCL should be at least increased by around 9dB consequently, therefore expected OOBB blocker close to 6GHz band should be relaxed a little bit, however considering the OOBB requirements should cover from 1 MHz to FUL,low - ΔfOOB and from FUL,high + ΔfOOB up to 12750 MHz, -15dBm might be reasonable and more stringent option to test OOBB requirements.Based on the above considerations, proposals are made as following:

Proposal 2: for LA BS IBB/OOBB requirements for n96, IBB interfering signal power level should be -34dBm and OOBB requirement should be -15dBm; 
ΔfOBUE and ΔfOOBB for NR-U BS at 6GHz
As we know that, ΔfOBUE and ΔfOOBB requirements are mainly dependent on required attenuation between in-band and out-of-band and front-end filter performance for different BS types. In the following section, front-end filter performance was provided based on the following side condition assuming 20MHz guard band reserved at both lower and higher edge of 6GHz band.
For the receiver, an in-band blocking of -38 dBm and “out-of-band” of -15 dBm is assumed, 
requiring a 28 dB filter attenuation with low/high temperature variation considered;
For the transmitter, a UEM level of -4.9 dBm/MHz is assumed inside the operating band and -27 dBm/MHz for protection of ITS band, requiring a 22.1 dB filter attenuation.
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Figure 2.3-1. filter response for 6GHz with 9 resonators and 2 zeros points assumed

Observation: it is very challenging to achieve the required attenuation for lower edge and upper edge of 6GHz assuming -27dBm/MHz emission limit needed out of 6GHz band in FCC report. 
LO leakage exception for NR-U BS Tx 

In the RAN4#96e GTW meeting, there were extensive discussions on LO leakage exception for NR-U BS considering non-contiguous transmission. The existing proposal kept in the bracket are shown as following:
	An exception to the spectrum emission requirements for the non-transmitted 20 MHz channels allows a single [2] MHz bandwidth to extend to [
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In the existing spec IEEE 802.11 section 21.3.17.4.2 of [12], TX center frequency leakage levels are only specified for VHT STA not CFAP, therefore we think LO exception should be only specified for NR-U UE and not necessary to define for NR-U BS. As we know that, for NR-U BS spec or NR BS spec, we didn’t specify any LO leakage related requirements or in-band emission requirements before. In addition, it seems that in the FCC report and ETSI report, there are no such kind of regulatory in-band emission requirements.
(#4344)For rules regarding TX center frequency leakage levels by VHT STAs, see 21.3.17.4.2 (Transmit

center frequency leakage).
Proposal 3 : to remove LO leakage exception requirements for NR-U BS.
co-existentce between 5GHz and 6GHz
Regarding the coexistence between 5GHz and 6GHz, this was proposed in the last RAN4#96e meeting, however this was not addressed yet. Based on the FCC report [4], it was revealed that -27dBm/MHz emission limits outside U-NII-5 is deemed necessary to protect the ITS service. This ITS band protection factor should also been taken into account when designing the front-end filter and channel arrangement. In the proposed CR [3] keeping alignment with 802.11ax channel arrangement, there are 20MHz guard band reserved for protection of ITS bands.
Emission limits outside the U-NII-5 and U-NII-8 bands. We are adopting the -27dBm/MHz limit proposed in the Notice for emissions from all 6 GHz unlicensed devices at frequencies below the bottom of the U-NII-5 band (5.925 GHz) and above the upper edge of the U-NII-8 band (7.125GHz), but will not require it between the sub-bands, i.e. between the U-NII-5 and U-NII-6, the U-NII-6 and U-NII-7, and the U-NII-7 and U-NII-8 bands. 
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Figure 2.5-1. proposed channel arrangement for NR-U in U-NII-5 [3]

As shown in Figure 2.5-1, if 20/40/60/80MHz close to low bottom of U-NII-5 sub-band, then based on the agreed NR-U BS emission mask in [3], in-band emission limits at 5925MHz for MR BS should be -4.9dBm/MHz for 80MHz, -5.0dBm/MHz for 60MHz, -6.0dBm/MHz for 40MHz and -15.0dBm/MHz for 20MHz which seems much higher than -27dBm/MHz requested for protection of ITS band. In addition, when considering NR-U BS could support AAS type, then maximum allowed scaling factor 9dB for in-band emission mask will make the requirement even more stringent than non-AAS type BS. 
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In the FCC report [4], emission limit requirements -27dBm/MHz is also applicable for above the upper edge of the U-NII-8 band (7.125GHz). Considering the proposed channel arrangement for NR-U in U-NII-8 [3], 20MHz carrier could be placed just next to upper edge 7125MHz as shown in Figure 2.5-2. This might be more challenging to achieve the required attenuation or even impossible for that. Other alternatives like guard band reservation 20MHz similar as the proposed channel arrangement for lower edge of 6GHz band.
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Figure 2.5-2. proposed channel arrangement for NR-U in U-NII-8 [3]

Proposal 4: to restrict the entire band to indoor only deployment or further discuss the channel arrangement for upper edge of 6GHz bands to meet the required emission limits.
Conclusions
In this contribution, we shared some further analysis for remaining issues for NR-U RF requirements and proposals are made as following:

Proposal 1: further discuss how to apply the FCC requirements and AFC or non-AFC policy for the carriers across U-NII bands;

Proposal 2: for LA BS IBB/OOBB requirements for n96, IBB interfering signal power level should be -34dBm and OOBB requirement should be -15dBm; 

Observation 1: it is very challenging to achieve the required attenuation for lower edge and upper edge of 6GHz assuming -27dBm/MHz emission limit needed out of 6GHz band in FCC report. 
Proposal 3 : to remove LO leakage exception requirements for NR-U BS.

Proposal 4: to restrict the entire band to indoor only deployment or further discuss the channel arrangement for upper edge of 6GHz bands to meet the required emission limits.
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