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1	Introduction 
Band n30 was introduced to the NR specification in Rel-16 [1], with A-MPR and NS_21 specified according to the US regulatory FCC 27.53 requirements [2], with the intention of also conforming to Canadian RSS-195.  However, if was determined that Canadian regulation differs from the US rules.  Over a number of meetings RAN4 had discussed that operation in Canada requires Canadian RSS-195 requirements which are tighter than FCC 27.53 in 1MHz band outside channel BW.  The following common understanding was reached in during RAN4 #101 [3]:
[image: ]

In the same document, the following way forward was agreed [3]:
	-	Other North American Bands shared between US and Canada do not have strict adjacent 0-1 MHz requirements as in RSS-195, so why should WCS2300MHz be any different?
	-	Send LS to Canada regulatory to find out why RSS-195 does not follow FCC 27.53  or find out the intention of the strict requirement.
	-	Introduce LS in RAN4#101Bis
-	Due to response of time of LS, introduce new NS value (NS_XX) for n30 in Table 6.2.3.1-1 (slide 5) to prevent unwanted backoff in US WCS2300 band.
	-	Add Value of Added Spectrum Emission = 2 for n30 in Table 6.2.3.1-1A to indicate NS_XX for Canada region only (slide 5)
	-	Introduce added ASEM requirement for new NS_XX as proposed in [4] but for only 5MHz and 10MHz channel BWs (slide 6).
	-	Use AMPR values in [2][3][5] for NS_XX for 5MHz channel BW and apply 10MHz AMPR values in NS_21 for NS_XX 10MHz channel BW (slide 7).


 
In accordance with this agreement, Apple prepared the Rel-16 and Rel-17 draft CRs to TS38.101-1 for the RAN4 #102 meeting in [6], [7].  However, the endorsement of the draft CRs was postponed based on comments by one company, as captured in the email discussion summary for the Rel-16 maintenance topic [8].
Given the pressing commercial need to clarify the 3GPP emissions requirements with respect to the Canadian regulation for band n30, this contribution provides the relevant technical background and motivation to approve the company CRs in [9], [10] during the RAN #95 meeting. Additionally, we propose to reach out to ISED-Canada to request their feedback of the current 3GPP understanding of the RSS-195 requirement in a draft LS [11].
2  Discussion
2.1 Discussion on NS_21
The network signalling NS_21 was originally designed in LTE considering US and Canadian regulatory requirements. However, it was recently found in RAN4 that these two regulations feature differences [3]. The flag NS_21 was introduced to NR in Rel-16. The unwanted emission limits and a specific spectral emission mask are defined according to regulatory requirements. Furthermore, A-MPR was defined to comply to the tightened emission limits.
Like LTE, the NR emission mask of NS_21 defines a certain measurement bandwidth smaller than 1MHz for the first bin directly adjacent to the channel edge. In case of NR the measurement bandwidth is set to 1% of the channel bandwidth. The ‘1%’ requirement is also stated in the regulatory description from RSS-195. However, the regulatory also states that the emission power shall be integrated over the full measurement bandwidth of 1MHz. Regulatory specification allows to use smaller resolution bandwidth, but the measurement bandwidth is always 1MHz. As agreed by RAN4 in WF [3] this means that the spectral emission mask for Canadian requirements should not feature a measurement bandwidth of ‘1%’ for the first MHz adjacent to the channel but ‘1MHz’.
The section in question is provided below and is excerpted from ISED RSS-195:
	5.6 Transmitter Unwanted Emissions
The transmitter unwanted emissions shall be measured with a resolution bandwidth of 1 MHz. A smaller resolution bandwidth is permitted provided that the measured power is integrated over the full required measurement bandwidth of 1 MHz. However, in the 1 MHz bands immediately adjacent to the edges of the frequency range(s) in which the equipment is allowed to operate, a resolution bandwidth of as close as possible to, without being less than 1% of the occupied bandwidth, shall be employed provided that the measured power is integrated over the full required measurement bandwidth of 1 MHz.


 
As A-MPR allowance is derived with respect to the requirements defined for NS_21, there exists a gap between the power backoff allowance in 38.101-1 and the actual power backoff required to meet Canadian regulatory requirements. As the out-of-band emission requirements for 10MHz channel bandwidth are more demanding than the limit directly adjacent to the channel the A-MPR is sufficient. In case of 5MHz channel bandwidth there is no A-MPR defined. As the Canadian regulatory requirements are tighter than the NR SEM the MPR is not sufficient for all modulations. Especially, due to the low MPR allowance for PI/2 BPSK comply to the emission limits is challenging.
Following the agreed WF in RAN4 [3] it is proposed to create a new network signalling with a SEM table covering the ISED RSS-195 requirements. It is proposed to use the next available flag NS_61. For more details, please have a look at the proposed Rel-16 CR [9].
	Table 6.5.2.3.x-1: Additional requirements for "NS_61"
	ΔfOOB 
MHz
	Channel bandwidth (MHz) / Spectrum emission limit (dBm)
	Measurement bandwidth

	
	5
	10
	15
	20
	25
	30
	40
	

	 0-1
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	1 % of channel BW 1 MHz


 



Observation 1: Measurement bandwidth for the first for the first one MHz directly adjacent to the channel edge is equal to one MHz but the resolution bandwidth is close to 1% of the channel bandwidth. This requirement is tighter than NR NS_21 SEM and leads to the issue that power backoff requirements are not correctly reflected for all modulation types with 5MHz CBW. 
Observation 2: Complying to the adjusted emission limit from Observation 1 is especially challenging for PI/2 BPSK due to low MPR allowance.
Proposal 1: Introduce separate SEM table for the new NS_61 and update the measurement bandwidth of the first row (ΔfOOB =  0-1) from “1 % of channel BW” to “1MHz”.
2.2 Simulation results
To assess the required A-MPR for 5MHz channel bandwidth several simulations for NS_21 were done. The following assumptions for the simulations were used:
· Power Class 3 
· Calibration: 1dB MPR: DFT-s-OFDM QPSK 20MHz, 100RB
· Carrier Leakage: 28dBc
· Image: 28dBc
· CIM3: 60dBc
To observe the impact using 1MHz measurement bandwidth for the SEM bin directly at channel edge, one set of simulations was done with applying the requirements of NS_21 as defined in 38.101-1. Another set of simulations was conducted including the 1MHz measurement bandwidth directly outside the channel according to ISED RSS-195§5.6. The results are display in the table below. The left column displays the results with NS_21 and the right column shows the results with the adapted requirements directly outside the channel. Edge and outer allocations require higher power backoff. This is especially true for PI/2 BPSK modulation. Given the lower MPR allowance for this modulation A-MPR is required to comply to regulatory emission limits. We therefore propose the introduction of A-MPR for 5MHz CBW.
	NS_21 requirements as defined in 38.101-1
	Requirements from ISED RSS-195
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Proposed A-MPR for 5MHz channel bandwidth and the region definition is found below:
	[bookmark: _Toc21344249][bookmark: _Toc29801733][bookmark: _Toc29802157][bookmark: _Toc29802782][bookmark: _Toc36107524][bookmark: _Toc37251283][bookmark: _Toc45888085][bookmark: _Toc45888684][bookmark: _Toc59649965][bookmark: _Toc61357229][bookmark: _Toc61359003][bookmark: _Toc67915940][bookmark: _Toc75533484][bookmark: _Toc75819370][bookmark: _Toc76508214][bookmark: _Toc76717164]6.2.3.14	A-MPR for NS_61
Table 6.2.3.14-1: A-MPR for "NS_61"
	Channel Bandwidth
(MHz)
	Modulation/Waveform
	Region A1a
RBstart ≤ 0.36MHz/12/SCS
LCRB ≤ [0.54] MHz/12/SCS

	Region A1b
RBstart ≤ 0.36MHz/12/SCS
LCRB > [0.54] MHz/12/SCS
LCRB ≤ 2.52MHz/12/SCS
	Region A2
LCRB > 2.52MHz/12/SCS
	Region A3b
RBend ≥ 3.96MHz/12/SCS
LCRB > [0.54] MHz/12/SCS
LCRB ≤ 2.52MHz/12/SCS
	Region A3a
RBend ≥ 3.96MHz/12/SCS
LCRB ≤ [0.54] MHz/12/SCS

	
	
	Outer/Inner
	Outer
	Outer/Inner

	5
	DFT-s-OFDM
	PI/2 BPSK
	≤ 4.0
	≤ 2.0
	≤ 1.5
	2.0
	4.0

	
	
	QPSK
	≤ 4.5
	≤ 2.5
	≤ 2.0
	≤ 2.5
	≤ 4.5

	
	
	16 QAM
	≤ 4.5
	≤ 2.5
	≤ 2.5
	≤ 2.5
	≤ 4.5

	
	
	64 QAM
	≤ 4.5
	≤ 2.5
	≤ 2.5
	≤ 2.5
	≤ 4.5

	
	
	256 QAM
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 4.5
	≤ 4.5

	
	CP-OFDM
	QPSK
	≤ 4.5
	≤ 4.0
	≤ 4.0
	≤ 4.0
	≤ 4.5

	
	
	16 QAM
	≤ 4.5
	≤ 4.0
	≤ 4.0
	≤ 4.0
	≤ 4.5

	
	
	64 QAM
	≤ 4.5
	≤ 4.0
	≤ 4.0
	≤ 4.0
	≤ 4.5

	
	
	256 QAM
	≤ 6.5
	≤ 6.5
	≤ 6.5
	≤ 6.5
	≤ 6.5






Proposal 2: Introduce A-MPR for the new NS_61 with 5MHz CBW according to the proposed CRs [9], [10].
Proposal 3: For 10MHz CBW, reuse the NS_21 A-MPR for the new NS_61 according to the proposed CRs [9], [10].

2.3 Legacy UE considerations
We understand that there might be certain challenges with introducing a new network signalling value for Canadian requirements. In summary, it has been realized during the discussion in RAN4#101-e and captured in [3] that the Canadian regulatory emission requirements are sharper at the channel edges compared to FCC regulations. The new NS value intendeds to close the gap and cover those requirements. 
It is true that the difference between FCC 27.53 and RSS-195 was not recognized since it was introduced to LTE with NS_21. However, we do not consider this to be a valid reason to not correct an oversight. Our understanding is that 3GPP specs should follow regulatory requirements as best as possible. This drive to correct specification (even if the oversight is years old) could recently been observed with the update on additional emission requirements for CA/DC. In this case it has been found that combined emission requirements of CA/DC have not been handled correctly. This was corrected by introducing new sets of requirements. And we think the same should be done here. 
LTE devices with NS_21 seem to be able to comply with RSS-195, as there has not been raised compliance issues by regulatory bodies for years. With the introduction of n30 to NR in Rel-16 it is not granted that this will continue as NR features several differences in spectrum usage and waveforms e.g. CP-OFDM with increased power backoff. Therefore, we propose to introduce the new network signalling to circumvent the future issue of millions of legacy devices not correctly implementing RSS-195 requirements.
During the RAN4 discussion of this issue, the following concern related to legacy UEs was raised [8]:
	Qualcomm
	Our main concern is that will legacy LTE devices (that are attaching to Network with NS_21) be able to attach to the network when NS_57 is signaled. It is unclear how multiple NS will work. Can Apple or others clarify how this will work for the legacy device?

	Ericsson
	Legacy UEs can attach if the NS_21 is listed after NS_57 in the NR-NS-PmaxList. The first supported value is applied, then new UEs apply NS_57. This has been in the RRC specification since Rel-17, from 38.331 v15.3.0
>    apply the first listed additionalSpectrumEmission which it supports among the values included in NR-NS-PmaxList within frequencyBandList;
to enable addition of new NS for a band. If NS_21 is not listed, then legacy UEs are barred. Now, if all UEs in the field actually support this is another question…




To our understanding multiple NS are possible according to the RRC specs (36.331 and 38.331). 
We would like to share our understanding by using the description of NR SIB1 as an example. The other SIBs are similar with respect to handling NS flags. Also, LTE behaves quite similar if we just consider selection of multiple NS flags. The RRC specs refer to NS flags as additionalSpectrumEmission values.
When a UE receives the SIB1 from the network it is instructed to execute different tasks. At first it shall store the SIB1 for further reference. Next it shall check the SIB for cell related information and other tasks. After having executed different instructions, it eventually comes to the point where it has to select a frequency band being provided by the SIB. The instruction is worded as follows:
[image: ]
According to the description the network provides a list of bands and NS flags. The NS flags are embedded in IE NR-NS-PmaxList which is specified per band. The specification of IE NR-NS-PmaxList is provided below. It features a list of additionalSpectrumEmission which means that the network can signal multiple NS flags and Pmax values for a single band:
[image: ]
After the UE selected a band with the side condition of knowing at least one of the NS flags, it processes further tasks until it reaches the following instruction:
[image: ]
The UE must select the first supported NS flag and ignore the unknown ones. Multiple NS flags could be handled that the newest is signaled first and the older one second, so that a UE will choose the newest flag first while legacy would choose the second one.
As mentioned earlier, the procedure for selection with multiple NS flags in LTE and NR are quite similar and we are convinced that legacy LTE devices would not be locked out or bared with introducing the new flag. This is under the assumption that legacy LTE devices comply to RSS-195 even with NS_21. If not, they should not be able to camp on a cell in regions falling under the RSS-195 requirements. As stated above we do not think that it is guaranteed that NR devices can comply to RSS-195 without some additional A-MPR due to differences in spectrum usage and waveforms. And therefore the new NS flag should be introduced.
Observation 3: The proposed introduction of a new NS_61 for band n30 operation in Canada does not pose any impact to legacy UE operation for band n30 with NS_21. 
2.4 Liaison to ISED-Canada
In parallel with the proposed introduction of the new NS_61 for band n30 operation in Canada, it is also helpful to reach out to ISED-Canada to request their feedback to the 3GPP understanding of the RSS-195 requirement.  Toward that end, a draft LS in [11] has been prepared.
Proposal 4: A liaison to ISED-Canada is helpful to request their feedback to the 3GPP understanding of the RSS-195 requirement, as prepared in [11].
Conclusions
Given the pressing commercial need to clarify the 3GPP emissions requirements with respect to the Canadian regulation for band n30, this contribution provides the relevant technical backround and motivation to approve the company CRs in [9], [10] during the RAN #95 meeting.
Observation 1: Measurement bandwidth for the first for the first one MHz directly adjacent to the channel edge is equal to one MHz but the resolution bandwidth is close to 1% of the channel bandwidth. This requirement is tighter than NR NS_21 SEM and leads to the issue that power backoff requirements are not correctly reflected for all modulation types with 5MHz CBW. 
Observation 2: Complying to the adjusted emission limit from Observation 1 is especially challenging for PI/2 BPSK due to low MPR allowance.
Proposal 1: Introduce separate SEM table for the new NS_61 and update the measurement bandwidth of the first row (ΔfOOB =  0-1) from “1 % of channel BW” to “1MHz”.
Proposal 2: Introduce A-MPR for the new NS_61 with 5MHz CBW according to the proposed CRs [9], [10].
Proposal 3: For 10MHz CBW, reuse the NS_21 A-MPR for the new NS_61 according to the proposed CRs [9], [10].
Observation 3: The proposed introduction of a new NS_61 for band n30 operation in Canada does not pose any impact to legacy UE operation for band n30 with NS_21. 
Proposal 4: A liaison to ISED-Canada is helpful to request their feedback to the 3GPP understanding of the RSS-195 requirement, as prepared in [11].
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4> select the first frequency band in the frequencyBandList, for FDD from frequencyBandList for uplink,
or for TDD from frequencyBandList for downlink, which the UE supports and for which the UE
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The IE NR-NS-PmaxList is used to configure a list of additionalPmax and additionalSpectrumEmission, as defined
in TS 38.101-1 [15], table 6.2.3.1-1A, and TS 38.101 2 [39], ‘table 6.2.3.1 -2, for a given frequency band.
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additionalPmax
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SEQUENCE {
P-Max OPTIONAL, -- Need N

AdditionalSpectrumEmission
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4> apply the first listed additionalSpectrumEmission which it supports among the values included in NR-
NS-PmaxList within frequencyBandList in uplinkConfigCommon for FDD or in
downlinkConfigCommon for TDD;
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e The FCC document states that a narrower resolution bandwidth (RBW) is permissible if RBW is >= 1% of the channel
BW. So, the specification can be -13dBm/ (1% channel BW) for 0-1MHz from channel edge. Only if RBW < 1% of
channel BW, the power is integrated over 1MHz.

e RSS-195 states that RBW must be >= 1% of the channel BW (cannot be < 1%) and power must be integrated over
1MHz, so the specification is -13dBm/1MHz for 0-1MHz from the channel edge.
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