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1. Introduction
BS/UE ACLR and ACS for below 6GHz and above 24 GHz were discussed in the last RAN4#83 meeting.
For below 6GHz, BS ACLR were agreed to reuse the E-UTRA value (45dBc) for wanted CBW up to 20MHz [1]. However, it is FFS for CBW larger than 20MHz. And it was also agreed to have ACLR to UTRA for bands also defined for UTRA.
This contribution discusses BS ACLR to NR for CBW larger than 20MHz (up to 100MHz), and BS ACLR to UTRA and E-UTRA.
2. Background
2.1. Current agreement
Some agreements on BS ACLR on below 6GHz band were made in [1] as summarized in table 1.
Table 1: Summary of current BS ACLR agreements on below 6GHz
	
	vs. NR
	vs. UTRA
for bands defined also for UTRA
	vs. E-UTRA

	
	NR CBW <= 20MHz
	20MHz < NR CBW
	NR CBW <= 20MHz
	20MHz < NR CBW
	NR CBW <= 20MHz
	20MHz < NR CBW

	ACLR value
	45dBc
for both ACLR1 & 2
	FFS
	45dBc
for both ACLR1 & 2
	FFS
	Not discussed
	Not discussed

	adjacent CBW
	The same CBW as the transmitted carrier
	FFS
	UTRA CBW
	FFS
	Not discussed
	Not discussed

	absolute limit
	each E-UTRA BS absolute limit (whichever is less stringent)
	FFS
	each E-UTRA BS absolute limit (whichever is less stringent)
	FFS
	Not discussed
	Not discussed

	Discussed clause in this contribution
	3.1
	3.2
	3.3


In the next clause, we discuss above open issues.
3. NR BS ACLR on below 6GHz
3.1. NR BS ACLR vs. NR for CBW larger than 20MHz
In this subclause, we discuss ACLR value vs. adjacent NR system.
3.1.1. Current E-UTRA BS ACLR vs. E-UTRA
E-UTRA ACLR vs. E-UTRA is defined as below in TR 36.104 and TS 36.141. It can be found that BS shall pass ACLR requirement not only single carrier case but also multi-carrier case if BS supported. Figure 1 illustrates applied ACLR requirement for single carrier case, and multi-carrier or CA case.
==excerpt from TS 36.104==

6.6.2
Adjacent Channel Leakage power Ratio (ACLR)

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.

The requirements shall apply outside the Base Station RF Bandwidth or Radio Bandwidth whatever the type of transmitter considered (single carrier or multi-carrier) and for all transmission modes foreseen by the manufacturer's specification.

==excerpt from TS 36.141==

6.6.2
Adjacent Channel Leakage power Ratio (ACLR)

6.6.2.1
Definition and applicability

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.
The requirements shall apply outside the Base Station RF Bandwidth or Maximum Radio Bandwidth whatever the type of transmitter considered (single carrier, multi-carrier and/or CA) and for all transmission modes foreseen by the manufacturer's specification.
================
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Figure 1. E-UTRA BS ACLR for single-carrier case & multi-carrier or CA case

Even in b) multi-carrier or CA case regardless of BS RF bandwidth, the same 45dBc ACLR requirement is applied. The power at each of lower two adjacent channels (CBW1) shall not exceed P1-45dB, and the power at each of upper two adjacent channels (CBWN) shall not exceed PN-45dB.
Observation 1: In E-UTRA BS ACLR requirement, 45dBc ACLRs are applied at two adjacent channels (the same bandwidth with a wanted signal carrier for each two) regardless of the number of contiguous carriers.
3.1.2. Achievable ACLR for NR (for up to 100MHz CBW)
For NR with CBW larger than 20MHz, we discuss the achievable ACLR by considering current E-UTRA requirement.
· CBW = 40MHz

NR 40MHz CBW case is almost the same with LTE 20MHz+20MHz two contiguous multi-carrier or CA case. As shown in figure 2 and following equation, 45dBc ACLR1 for NR 40MHz CBW can be achievable since it is complete the same condition in LTE. Here, P1=P2 can be assumed to set the same PSD within NR 40MHz carrier.
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Figure 2. NR ACLR for 40MHz CBW
· CBW up to 100MHz
Even for larger CBW case up to 100MHz, the similar consideration can be applied as above based on figure 3.
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(eq.2)
Here, Ilower is interference power within ACLR1NR, lower frequency range except P1-45+3. This value will be smaller as below, since generally as the frequency offset from wanted signal becomes larger, interference signal power (PSD) at the frequency becomes smaller.
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Therefore, ACLR1NR,lower better than 45dBc can be achievable even for CBW up to 100MHz.
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(eq.2’)
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Figure 3. NR ACLR for larger CBW up to 100MHz
Observation 2: Based on the current LTE ACLR requirement, 45dBc ACLR1 at the adjacent channel with the same bandwidth with wanted signal can be achievable for NR CBW up to 100MHz.
3.1.3. Required ACLR (for up to 100MHz CBW)

In [3], DL throughput loss evaluation by relaxing ACLR value was presented. From the simulation result, a few dB ACLR relaxations may not impact throughput degradation. However, 45dBc ACLR is required in below 6GHz frequency in certain region as a regulation, and possibility to make existing RAT performance degradation in the actual network should be weeded out.

By considering above discussion and observation 1 and 2, we propose to adapt 45dBc BS ACLR for below 6GHz regardless of CBW.

Proposal 1: 45dBc ACLR1 vs. adjacent NR with the same BW should be applied regardless of CBW to all NR BS class.
We don’t discuss the detail of ACLR2 in this contribution, however the necessity of ACLR2 can be discussed further. There is no technical reason to introduce relaxer ACLR2 value than ACLR1(45dBc) if we introduce ACLR2 for NR BS.
Proposal 2: The necessity to specify BS ACLR2 vs. adjacent NR with the same BW should be discussed further. In case we introduce, ACLR2 value should be the same with or tighter than ACLR1 value 45dBc.
3.2. NR BS ACLR vs. UTRA
In [1], it was agreed to specify 45dBc ACLR to UTRA for bands defined also for UTRA. However, it is still open for NR CBW lager than 20MHz. The same ACLR to UTRA should be applied for NR CBW up to 100MHz.
Proposal 3: For bands defined also for UTRA, 45dBc ACLR1 and 2 vs. adjacent UTRA should be applied regardless of NR CBW. The adjacent channel bandwidth is the corresponding UTRA channel bandwidth.
3.3. NR BS ACLR vs. E-UTRA
In the last meeting, NR ACLR vs. adjacent E-UTRA was not discussed. For bands defined also for E-UTRA, we think NR ACLR vs. E-UTRA will be needed as we have E-UTRA ACLR vs. UTRA. The required ACLR value will be the same (45dBc), the discussion point is the considered adjacent E-UTRA CBW since E-UTRA has six patterns of CBW. By considering conformance testing impact, the number of E-UTRA CBW to be specified as an adjacent channel may be able to be restricted as less than six by selecting worst cases only.
Hereafter we consider 5MHz, 10MHz, 15MHz and 20MHz E-UTRA CBW (1.4MHz and 3MHz E-UTRA CBW is omitted since E-UTRA bands which have 1.4MHz and 3MHz are not so many). As shown in figure 4, in 5MHz (smallest) E-UTRA CBW case, high unwanted emission level at closed to NR carrier edge would be included to calculate ACLR due to small E-UTRA guard-band. On the other hand, measured frequency range equal to E-UTRA transmission bandwidth would be narrow. In 20MHz (largest) E-UTRA CBW case, measured frequency range equal to E-UTRA transmission bandwidth would be wide, on the other hand high unwanted emission level would NOT be included to calculate ACLR due to large E-UTRA guard-band. It is quite difficult to conclude categorically describe as which E-UTRA CBW (smallest or largest) is the worst case.
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Figure 4. ACLR vs. E-UTRA with small and large CBW
Table 2. example combination to be specified for NR vs. E-UTRA ACLR
	
	E-UTRA CBW

	
	5MHz
	10MHz
	15MHz
	20MHz

	NR CBW
	<= 20MHz
	will be needed
	may be omitted
	may be omitted
	will be needed note1

	
	20MHz <
	will be needed
	may be omitted
	may be omitted
	will be needed

	Note 1: NR 20MHz to E-UTRA 20MHz ACLR may be covered by NR 20MHz to NR 20MHz ACLR requirement.


Proposal 4: For bands defined also for E-UTRA, 45dBc ACLR1 and 2 vs. adjacent E-UTRA should be applied regardless of NR CBW. The considered E-UTRA CBWs at adjacent channel are FFS.
4. Conclusion

In this contribution, we discussed BS ACLR on below 6GHz. Following observations and proposals are obtained.
Proposal 1: 45dBc ACLR1 vs. adjacent NR with the same BW should be applied regardless of CBW to all NR BS class.
Proposal 2: The necessity to specify BS ACLR2 vs. adjacent NR with the same BW should be discussed further. In case we introduce, ACLR2 value should be the same with or tighter than ACLR1 value 45dBc.
Proposal 3: For bands defined also for UTRA, 45dBc ACLR1 and 2 vs. adjacent UTRA should be applied regardless of NR CBW. The adjacent channel bandwidth is the corresponding UTRA channel bandwidth.

Proposal 4: For bands defined also for E-UTRA, 45dBc ACLR1 and 2 vs. adjacent E-UTRA should be applied regardless of NR CBW. The considered E-UTRA CBWs at adjacent channel are FFS.
Summary of NR BS ACLR (Our proposal in this contribution is written by red)

	
	vs. NR
	vs. UTRA

for bands defined also for UTRA
	vs. E-UTRA

for bands defined also for E-UTRA

	
	NR CBW <= 20MHz
	20MHz < NR CBW
	NR CBW <= 20MHz
	20MHz < NR CBW
	NR CBW <= 20MHz
	20MHz < NR CBW

	ACLR1 value
	45dBc
	45dBc
	45dBc
	45dBc
	45dBc
	45dBc

	ACLR2 value
	45dBc
	FFS whether introduce or not (the value should be 45dBc)
	45dBc
	45dBc
	45dBc
	45dBc

	adjacent CBW
	The same CBW as the transmitted carrier
	The same CBW as the transmitted carrier
	UTRA CBW
	UTRA CBW
	E-UTRA CBW
(FFS whether all six CBWs are specified or not)
	E-UTRA CBW
(FFS whether all six CBWs are specified or not)

	absolute limit
	each E-UTRA BS absolute limit (whichever is less stringent)
	FFS
	each E-UTRA BS absolute limit (whichever is less stringent)
	FFS
	FFS
	FFS
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