Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN4 Meeting #100-e	R4-2111769
Online, , 16th Aug 2021 - 27th Aug 2021

Source: 	Nokia, Nokia Shanghai Bell
[bookmark: _Hlk71539686]Title: 					Backward compatibility of an NS for n39 A-MPR for CBW < 25 MHz
Agenda Item:			8.32.2
Document for:	Discussion
1	Introduction
RAN4#99-e approved an WF of [1], where it mentioned that “FFS whether to modify the ASE requirements signalled by NS_50 to include CBW ≤ 20MHz”. This contribution discusses pros and cons of the introduction of A-MPR for CBW ≤ 20 MHz to meet additional spurious emission requirements with NS_50 as well as the required A-MPR.
2	NS handling of CBW ≤ 20 MHz
Following requirements for CBW ≤ 20 MHz for n39 have been captured. It should be noted that n39 succeeded the corresponding LTE requirements as they are.
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The requirements for LTE Band 39 were not specified as additional spurious emission requirement. Hence, no specific NS was introduced to them. In our understanding, the reason was as follows. 
· When the introduction of an NS was discussed, there had been already commercial UEs supporting LTE Band 39.
· At that time, it was a common understanding that adding a new NS to an existing band is not allowed.
· This is because of avoiding an unknown behaviour of UEs if the legacy devices don’t understand the NS.
· Hence, choices were an introduction of a new band or using a RB restriction method.
· Some other bands like LTE Band 7, 8, 38 and 65 adopted the RB restriction method due to the same reason.
NR, however, was a completely new so that n8 has selected not the RB restriction method, but rather A-MPR to meet -40dBm/MHz over 860 to 890 MHz and has introduced NS_43 for this purpose together with the associated A-MPR. The reason to select A-MPR is quite simple. The RB restriction method always limits the number of RBs regardless of the actual UE output power, PC, modulations and waveforms. For instance, even if a UE is very close to a gNB and the output power is quite small, still the gNB shall not schedule the UE with RBs more than specified one, i.e., 54 RBs. Hence, UL peak throughput and cell capacity are always restricted more than necessary. It is, however, possible for the UE with A-MPR to achieve the peak throughput and improve the UL capacity if it is close to the gNB. It seems that unfortunately, the bands other than n8 succeeded the corresponding LTE requirements for CBW ≤ 20MHz as they are.
Observation 1: A-MPR is superior to RB restriction in terms of peak throughput and capacity purpose since the RB restriction always restricts the number of RBs regardless of UE power, PC, modulations and waveforms. 
Observation 2: LTE Band 8 uses RB restriction to meet -40 dBm/MHz over 860 to 890 MHz while n8 has introduced NS_43 to meet that requirement together with A-MPR.
Observation 3: At least n7, n39, n1, n65 and n38 have not taken the same approach for CBW ≤ 20 MHz as n8 did in NR. 
When n39 was introduced, if n39 took the same approach as n8 did, that would be the best approach. We, however, keep in mind that applying NS_50 to CBW ≤ 20 MHz “from now on” requires additional complexity due to following reasons. The complexity comes from the fact that a NW has to take special cares to distinguish following UEs, i.e., legacy and new UEs, because the NW cannot allocate RBs more than 54 RBs to the legacy UEs and also when HO happens, the source gNB needs to forward the information on the UE types to the target gNB to make the target gNB apply an appropriate method, i.e., A-MPR or RB restriction as well as an appropriate NS, i.e., NS_50 or NS_01 to the respective UE types.
	Types
	Remarks

	Legacy
	PC3 n39 UEs which do not understand NS_50 for CBW ≤ 20 MHz

	New
	PC2&PC3 or PC3 n39 UEs which understand NS_50 regardless of CBW


Observation 4: Applying A-MPR to CBW ≤ 20 MHz from now on requires distinguishing legacy and new UEs via UE capability, e.g., modifiedMPR-Behavior. And this accompanies additional complexity in terms of specifications and operations.
3	Required power back off
As discussed in [2], it is not expected that any power back off is required for small transmission bandwidth for CBW ≤ 30 MHz . According to the current requirement, regardless of waveform, SCS or modulation, the transmission bandwidth is limited to 54 RBs to meet the so-called block edge mask. Our simulation results indicated that no A-MPR for 15 MHz CBW is required to meet additional spurious emission regardless of waveforms, modulations, SCS or PC. Note that since no power back off is required, the data is not included in this paper.
Observation 5: No A-MPR is required for 15 MHz CBW regardless of waveforms, modulation, SCS or PC.
Some may think that the observation 5 is not consistent with the current specification of TS 38.101-1 since it says that transmission bandwidth should be less than or equal to 54 RBs to meet the requirements (block edge mask). TS 38.101-1 itself, however, has some inconsistency in it. More specifically, n7 and n39 have similar requirements to meet block edge mask as shown in Figure 1, though n39 does not have +1.6 dBm/5 MHz part, which would not impact on A-MPR or RB restriction. 
[image: ]
Figure 1: Comparison n7 and n39 emission requirement
As shown in Figure 1, n39 has 5 MHz additional offset from the edge of the aggressor CBW to -40 dBm/MHz emission region compared to n7, i.e., total offsets toward -40dBm/MHz region is 30 MHz for n39 and 25 MHz for n7, respectively. Hence, it is quite natural for n39 to be able to transmit larger transmission bandwidth thanks to 5 MHz extra offset than 54 RBs. 
Observation 6: given that the current n7 requirement for RB restriction is correct, it is natural for n39 to be able to transmit larger transmission bandwidth than 54 RBs.
With respect to A-MPR for 20 MHz CBW, from out simulation results shown in Appendix, some A-MPR is needed for larger transmission bandwidth. 
Observation 7: 20 MHz CBW needs some A-MPR.
Based on observation 5, 6 and 7, we propose the followings.
Proposal 1: For CBW ≤ 15 MHz, no A-MPR is required regardless of modulation, PC, waveform and SCS.
Proposal 2: For CBW of 20 MHz, A-MPR is required as shown in Table 1 for PC3 and 2 for PC2, respectively.
Table 1: A-MPR for 20 MHz CBW NS_50 for PC3
	Modulation/Waveform
	LCRB*12*SCS (MHz)
	A-MPR (dB)

	
	
	Outer/Inner

	DFT-s-OFDM
	Pi/2 BPSK
	-
	-

	
	QPSK
	≥ 16.2
	≤ 2.5

	
	16 QAM
	≥ 16.2
	≤ 2.5

	
	64 QAM
	-
	-

	
	256 QAM
	-
	-

	CP-OFDM
	QPSK
	-
	-

	
	16 QAM
	-
	-

	
	64 QAM
	-
	-

	
	256 QAM
	-
	-


Table 1: A-MPR for 20 MHz CBW NS_50 for PC2
	Modulation/Waveform
	LCRB*12*SCS (MHz)
	A-MPR (dB)

	
	
	Outer/Inner

	DFT-s-OFDM
	Pi/2 BPSK
	≥ 16.2
	≤ 2.5

	
	QPSK
	≥ 16.2
	≤ 3.0

	
	16 QAM
	≥ 16.2
	≤ 3.0

	
	64 QAM
	≥ 16.2
	≤ 3.0

	
	256 QAM
	-
	-

	CP-OFDM
	QPSK
	≥ 16.2
	≤ 4.0

	
	16 QAM
	≥ 16.2
	≤ 4.0

	
	64 QAM
	≥ 16.2
	≤ 4.0

	
	256 QAM
	-
	-



4	Conclusion
This contribution discussed pros and cons of the introduction of A-MPR for CBW ≤ 20 MHz to meet additional spurious emission requirements with NS_50 as well as the required A-MPR. As a result, we obtained following observations and proposals.
Observation 1: A-MPR is superior to RB restriction in terms of peak throughput and capacity purpose since the RB restriction always restricts the number of RBs regardless of UE power, PC, modulations and waveforms. 
Observation 2: LTE Band 8 uses RB restriction to meet -40 dBm/MHz over 860 to 890 MHz while n8 has introduced NS_43 to meet that requirement together with A-MPR.
Observation 3: At least n7, n39, n1, n65 and n38 have not taken the same approach for CBW ≤ 20 MHz as n8 did in NR. 
Observation 4: Applying A-MPR to CBW ≤ 20 MHz from now on requires distinguishing legacy and new UEs via UE capability, e.g., modifiedMPR-Behavior. And this accompanies additional complexity in terms of specifications and operations.
Observation 5: No A-MPR is required for 15 MHz CBW regardless of waveforms, modulation, SCS or PC.
Observation 6: given that the current n7 requirement for RB restriction is correct, it is natural for n39 to be able to transmit larger transmission bandwidth than 54 RBs.
Observation 7: 20 MHz CBW needs some A-MPR.
Proposal 1: For CBW ≤ 15 MHz, no A-MPR is required regardless of modulation, PC, waveform and SCS.
Proposal 2: For CBW of 20 MHz, A-MPR is required as shown in Table 1 for PC3 and 2 for PC2, respectively.
Table 1: A-MPR for 20 MHz CBW NS_50 for PC3
	Modulation/Waveform
	LCRB*12*SCS (MHz)
	A-MPR (dB)

	
	
	Outer/Inner

	DFT-s-OFDM
	Pi/2 BPSK
	-
	-

	
	QPSK
	≥ 16.2
	≤ 2.5

	
	16 QAM
	≥ 16.2
	≤ 2.5

	
	64 QAM
	-
	-

	
	256 QAM
	-
	-

	CP-OFDM
	QPSK
	-
	-

	
	16 QAM
	-
	-

	
	64 QAM
	-
	-

	
	256 QAM
	-
	-


Table 1: A-MPR for 20 MHz CBW NS_50 for PC2
	Modulation/Waveform
	LCRB*12*SCS (MHz)
	A-MPR (dB)

	
	
	Outer/Inner

	DFT-s-OFDM
	Pi/2 BPSK
	≥ 16.2
	≤ 2.5

	
	QPSK
	≥ 16.2
	≤ 3.0

	
	16 QAM
	≥ 16.2
	≤ 3.0

	
	64 QAM
	≥ 16.2
	≤ 3.0

	
	256 QAM
	-
	-

	CP-OFDM
	QPSK
	≥ 16.2
	≤ 4.0

	
	16 QAM
	≥ 16.2
	≤ 4.0

	
	64 QAM
	≥ 16.2
	≤ 4.0

	
	256 QAM
	-
	-
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Spurious emission

E-UTRA Protected band Frequency range | Maximum | MBW | NOTE
Band (MHz) Level (MHz)
(dBm)
39 E-UTRA Band 1, 8, 22, 26, 28, 34, 40, 41,

42,44, 45,50, 51,52, 73, 74 Fouow | - | Founen 50 1
NR Band n79
NR Band n77,n78 Fouow | - | Foungn -50 1 2
Frequency range 1805 1855 40 1 33
Frequency range 1855 1880 155 5 15,2633

NOTE 33: This requirement is only applicable for carriers with bandwidth confined within 1885-1920 MHz
(requirement for carriers with at least 1RB confined within 1880 - 1885 MHz is not specified). This
requirement applies for an uplink transmission bandwidth less than or equal to 54 RB for carriers of
15 MHz bandwidth when carrier center frequency is within the range 1892.5 - 1894.5 MHz and for
carriers of 20 MHz bandwidth when carrier center frequency is within the range 1895 - 1903 MHz.
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