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1	Introduction 
Last RAN4 meeting our contribution [1] discussed Canadian WCS requirements for band n30 which are not captured in NS_21. The WF [2] was agreed which asks to bring measurements and consider an update of NS_21 requirements. This contribution shall summarize the situation and suggest a way forward.
2  Discussion
2.1 Discussion on NS_21
The network signalling NS_21 was originally designed in LTE for the requirements of Canadian WCS. The flag 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. To our understanding this means that the spectral emission mask for NS_21 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 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 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.
Currently the spec 38.101-1 uses one SEM table for NS_03 and NS_21. It is proposed to create a separate SEM table for NS_21 and update the first row as described in the previous paragraphs. For more details, please have a look at the proposed Rel-16 draft CR [3].
	Table 6.5.2.3.x-1: Additional requirements for "NS_21"
	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 NS_21 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:
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Table 6.2.3.14-1: A-MPR for "NS_21"
	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 NS_21 with 5MHz CBW according to the proposed CRs [1] [2].
Conclusions
The regulatory requirements and the definition of NS_21 are discussed and the differences are shown. Due to the differences the implementation turns out to be quite challenging. Therefore, it is proposed to define A-MPR for 5MHz CBW.
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 NS_21 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 NS_21 with 5MHz CBW according to the proposed CR.
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