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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN#75 meeting NR WI was approved [1] and the work guideline for RAN4 was presented in [2] to indicate the urgent issues sorted out in RAN4 such as ACLR/ACS.

During the NR study item phase, the following agreement was made for UE ACLR for the frequency range 1, i.e., below 6GHz [3], though the threshold frequency has not been finalized yet.

· For Range 1
· It was agreed that NR ACLR requirements for UTRA, E-UTRA and NR need to be specified in the WI phase.
[image: ]

In this paper, we discuss the conducted ACLR requirement on for Range 1, continued from RAN4#82bis [6].
2	Discussion
2.1 NR ACLR
E-UTRA UE ACLR is specified in TS36.101 in the following.
Table 2.1-1: TS36.101 Table 6.6.2.3.1-1: General requirements for E-UTRAACLR
	
	Channel bandwidth / E-UTRAACLR1 / Measurement bandwidth

	
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	E-UTRAACLR1
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB

	E-UTRA channel Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz

	Adjacent channel centre frequency offset [MHz]
	+1.4
/
-1.4
	+3.0
/
-3.0
	+5
/
-5
	+10
/
-10
	+15
/
-15
	+20
/
-20



Although the coexistence of NR-NR has not been studied in the NR study phase for the frequency range 1, the similar conducted requirement to E-UTRA ACLR should be applied assuming the deployment scenario of the NR and E-UTRA are similar to the analysis in TR36.942 for the existing frequency bands (in Range 1). It is also assumed that there is no advanced beam forming technology for the conducted requirement. In that case, the coexistence requirement in TS36.101 should be mostly reused for the NR at the same UE transmit power as E-UTRA. For the same channel bandwidth as E-UTRA at the nominal channel spacing and power class 3 (+23dBm), the ACLR can be specified 30 dB. For the wider channel bandwidth than 20MHz, CA ACLR is specified in TS36.101, which is also 30 dB. Even though the UE uplink maximum contiguous bandwidth is at most 40 MHz in the current version of TS36.101, the same ACLR for the wider channel bandwidth can be assumed in the NR. 
Proposal 1: The conducted NR ACLR shall be specified 30 dB for Range 1 for the UE power class +23 dBm. 
Note 1: The adjacent channel is based on the same channel bandwidth as wanted signal and separated by the channel bandwidth.
Note 2: ACLR requirement shall be applied to any UL waveform.
Note 3: The absolute limit shall be applicate, i.e., “If the measured adjacent channel power is greater than [-50] dBm then the NR-Sub6ACLR1 shall be higher than the above. The value of absolute limit shall be further discussed.
Note that different deployment scenarios from TR36.942 such as advanced beam forming based system may be covered in OTA requirement, where the required ACLR level needs to be further investigated.
Another difference of the NR is the spectrum utilization better than E-UTRA utilization of 90%. Thus, to properly secure the adjacent channel coexistence for the worst-case NR-NR scenario, i.e., two channels are next to each other, the measurement bandwidth (for a rectangular filter) should be based on the maximum allowed transmission bandwidth of the NR for that channel bandwidth. The transmission bandwidth depends on the subcarrier spacing and the number of physical resource blocks in the uplink, which can be more than 90% of the NR channel bandwidth. The maximum transmission bandwidth among all the possible numerologies should be selected for the worst case.
Proposal 2: NR ACLR shall be defined with the measurement channel bandwidth (for a rectangle filter) aligned with the maximum transmission bandwidth of the NR uplink.

In summary, the NR ACLR possible specification is represented in Table 2.1-2 for the channel bandwidth between 5MHz to 100MHz.
Note that the minimum and maximum channel bandwidth for the NR is not agreed yet. This table is only for the purpose to illustrate the possible specifications.
Table 2.1-2: Example requirements for NR-Sub6ACLR
	
	NR Channel bandwidth / NR-Sub6ACLR1 / Measurement bandwidth

	
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	50
MHz
	100
MHz

	NR-Sub6ACLR1
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB

	NR channel Measurement bandwidth
	Max Tx BW for 5MHz
	Max Tx BW for 10MHz
	Max Tx BW for 15MHz
	Max Tx BW for 20MHz
	Max Tx BW for 50MHz
	Max Tx BW for 100MHz

	Adjacent channel centre frequency offset [MHz]
	+5
/
-5
	+10
/
-10
	+15
/
-15
	+20
/
-20
	+50
/
-50
	+100
/
-100

	Max Tx BW is the maximum transmission bandwidth allowed for each NR channel bandwidth. 



For the flexible channel bandwidth [4], it is possible interpolate the requirement, i.e., ACLR is still 30dB for any channel bandwidth. The channel measurement bandwidth shall be the maximum transmission bandwidth allowed for each channel bandwidth among all possible numerologies. The frequency offset shall be the same as the channel bandwidth. 
The ACLR requirement so far guarantees only the basic channel deployment scenarios that the channels next to each other is of the same channel bandwidth. So far in E-UTRA, it is not the intention of ACLR requirement to support all different deployment like asymmetric channel bandwidth. Thus, it is not so essential in our view to introduce ACLR requirement for the flexible channel bandwidth. In any case for the flexible channel bandwidth, the adjacent channel would be also flexible and may not be the same in most deployment. Therefore, it would be sufficient to introduce the selected set of channel bandwidths for the basic channel deployment scenarios. 
Considering the possible regulatory requirement and transmitter RF characterization, we may need to specify the spectrum emission mask and spurious emission for the flexible channel bandwidth. This is further discussed in [5]. On the contrary, ACLR is to characterize the coexistence and may not be so crucial to introduce it for flexible channel bandwidth.
Proposal 3: Although it is possible to introduce ACLR requirement for flexible channel bandwidth based on the maximum transmission bandwidth allowed for each channel bandwidth, it would not be essential to introduce ACLR requirement for flexible channel bandwidth.

2.2 E-UTRA ACLR
To secure the NR coexistence with E-UTRA, the E-UTRA ACLR shall be used in the same way as Table 2.1-1 for the same channel bandwidth of NR and E-UTRA.
NR channel bandwidth can be much wider than E-UTRA. However, E-UTRA can already support wider bandwidth than 20MHz through the carrier aggregation. In case of E-UTRA carrier aggregation, the ACLR is defined for the same aggregated channel bandwidth with 30 dB. Although the current TS36.101 spec only supports at most bandwidth class C for uplink, i.e., 40MHz, 30 dB would be reused for wider aggregated bandwidth than 40MHz. Thus, ACLR requirement for the same bandwidth between NR and E-UTRA can be specified according to Table 2.1-2. For simplicity, 90% channel bandwidth is assumed as a measurement bandwidth rather than using the CA bandwidth.
Note that the minimum and maximum bandwidth for the NR is not agreed yet. This table is only for the purpose to illustrate the possible specifications.
Table 2.1-2: Example requirements for E-UTRAACLR
	
	NR Channel bandwidth / E-UTRAACLR1 / Measurement bandwidth

	
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	50
MHz
	100
MHz

	E-UTRAACLR1
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB

	E-UTRA channel Measurement bandwidth
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz
	45 MHz
	90 MHz

	Adjacent channel centre frequency offset [MHz]
	+5
/
-5
	+10
/
-10
	+15
/
-15
	+20
/
-20
	+50
/
-50
	+100
/
-100



This requirement is more relaxed than Table 2.1-1, thus it is unnecessary to verify. 
Proposal 4: For the same channel bandwidth, NR ACLR is always tighter than E-UTRA ACLR, therefore it is not necessary to verify E-UTRA ACLR.
For the coexistence of NR channel with a narrower E-UTRA channel, although such scenario is not defined in E-UTRA UE requirement among various E-UTRA bandwidths, it is possible to consider the coexistence of wider NR channel and narrower E-UTRA channel next each other. However, it is questionable to introduce such requirement for every E-UTRA channel bandwidth because the wide NR channel is only possible if the large block is allocated to operators. It is not a likely scenario or recommended scenario that 100MHz NR channel is right next to 1.4MHz E-UTRA channel. Most likely it is enough to include only wide E-UTRA channels (like 10MHz or wider) for the coexistence of unequal channel bandwidth between NR and E-UTRA.
Proposal 5: Necessity of ACLR requirement for the coexistence with a narrower E-UTRA channel bandwidth should be discussed further.

2.2 UTRA ACLR
UTRA UE ACLR is specified in TS36.101 in the following.
Table 2.2-1: TS36.101 Table 6.6.2.3.2-1: Requirements for UTRAACLR1/2
	
	Channel bandwidth / UTRAACLR1/2 / Measurement bandwidth

	
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	UTRAACLR1
	33 dB
	33 dB
	33 dB
	33 dB
	33 dB
	33 dB

	Adjacent channel centre frequency offset [MHz]
	0.7+BWUTRA/2
/
-0.7-BWUTRA/2
	1.5+BWUTRA/2
/
-1.5-BWUTRA/2
	+2.5+BWUTRA/2
/
-2.5-BWUTRA/2
	+5+BWUTRA/2
/
-5-BWUTRA/2
	+7.5+BWUTRA/2
/
-7.5-BWUTRA/2
	+10+BWUTRA/2
/
-10-BWUTRA/2

	UTRAACLR2
	-
	-
	36 dB
	36 dB
	36 dB
	36 dB

	Adjacent channel centre frequency offset [MHz]
	-
	-
	+2.5+3*BWUTRA/2
/
-2.5-3*BWUTRA/2
	+5+3*BWUTRA/2
/
-5-3*BWUTRA/2
	+7.5+3*BWUTRA/2
/
-7.5-3*BWUTRA/2
	+10+3*BWUTRA/2
/
-10-3*BWUTRA/2

	E-UTRA channel Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz

	UTRA 5MHz channel Measurement bandwidth 
(NOTE 1)
	3.84 MHz
	3.84 MHz
	3.84 MHz
	3.84 MHz
	3.84 MHz
	3.84 MHz

	UTRA 1.6MHz channel measurement bandwidth
(NOTE 2)
	1.28 MHz
	1.28 MHz
	1.28 MHz
	1.28MHz
	1.28MHz
	1.28MHz

	NOTE 1:	Applicable for E-UTRA FDD co-existence with UTRA FDD in paired spectrum.
NOTE 2:	Applicable for E-UTRA TDD co-existence with UTRA TDD in unpaired spectrum.



This requirement secures the coexistence with two consecutive UTRA channels right next to the E-UTRA channel. To introduce the similar requirement for the NR next to UTRA channels, the table can be revised in the following Table 2.2-2 for the NR channel bandwidth between 5 MHz and 100 MHz.
Note that the minimum and maximum bandwidth for the NR is not agreed yet. This table is only for the purpose to illustrate the possible specifications.

Table 2.2-2: Example requirements for UTRAACLR1/2
	
	NR Channel bandwidth / UTRAACLR1/2 / Measurement bandwidth

	
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	50
MHz
	100
MHz

	UTRAACLR1
	33 dB
	33 dB
	33 dB
	33 dB
	33 dB
	33 dB

	Adjacent channel centre frequency offset [MHz]
	+2.5+BWUTRA/2
/
-2.5-BWUTRA/2
	+5+BWUTRA/2
/
-5-BWUTRA/2
	+7.5+BWUTRA/2
/
-7.5-BWUTRA/2
	+10+BWUTRA/2
/
-10-BWUTRA/2
	+25+BWUTRA/2
/
-25-BWUTRA/2
	+50+BWUTRA/2
/
-50-BWUTRA/2

	UTRAACLR2
	36 dB
	36 dB
	36 dB
	36 dB
	36 dB
	36 dB

	Adjacent channel centre frequency offset [MHz]
	+2.5+3*BWUTRA/2
/
-2.5-3*BWUTRA/2
	+5+3*BWUTRA/2
/
-5-3*BWUTRA/2
	+7.5+3*BWUTRA/2
/
-7.5-3*BWUTRA/2
	+10+3*BWUTRA/2
/
-10-3*BWUTRA/2
	+25+3*BWUTRA/2
/
-7.5-25*BWUTRA/2
	+50+3*BWUTRA/2
/
-50-3*BWUTRA/2

	NR channel Measurement bandwidth
	Based on Tx BW config
	Based on Tx BW config
	Based on Tx BW config
	Based on Tx BW config
	Based on Tx BW config
	Based on Tx BW config

	UTRA 5MHz channel Measurement bandwidth 
(NOTE 1)
	3.84 MHz
	3.84 MHz
	3.84 MHz
	3.84 MHz
	3.84 MHz
	3.84 MHz

	UTRA 1.6MHz channel measurement bandwidth
(NOTE 2)
	1.28 MHz
	1.28MHz
	1.28MHz
	1.28MHz
	1.28MHz
	1.28MHz

	NOTE 1:	Applicable for E-UTRA FDD co-existence with UTRA FDD in paired spectrum.
NOTE 2:	Applicable for E-UTRA TDD co-existence with UTRA TDD in unpaired spectrum.
NOTE 3: NR channel measurement shall be based on the transmission bandwidth configuration of the NR channel.



The requirement for 50MHz or 100MHz channel in the above table will not be applicable for the bands with narrower pass band bandwidth. Furthermore, such a band with large pass band, UTRA channel deployment is not expected. Thus, it will be sufficient to introduce UTRA ACLR for the bands if UTRA operating band is specified in the same frequency range in TS25.101.
Proposal 6: The UTRA ACLR is not necessary for the band if UTRA operating band is not specified in TS25.101.

3	Conclusions
In this contribution, we have discussed the conducted ACLR requirement for Range 1, i.e., the frequency below [6] GHz. We concluded the following obvervations.
Proposal 1: The conducted NR ACLR shall be specified 30 dB for Range 1 for the UE power class +23 dBm.
Note 1: The adjacent channel is based on the same channel bandwidth as wanted signal and separated by the channel bandwidth.
Note 2: ACLR requirement shall be applied to any UL waveform.
Note 3: The absolute limit shall be applicate, i.e., if the measured adjacent channel power is greater than [-50] dBm, then the NR-Sub6ACLR1 can be higher than the above. The value of absolute limit shall be further discussed.
Proposal 2: NR ACLR shall be defined with the measurement channel bandwidth aligned with the maximum transmission bandwidth of the NR uplink.
Proposal 3: Although it is possible to introduce ACLR requirement for flexible channel bandwidth based on the maximum transmission bandwidth allowed for each channel bandwidth, it would not be essential to introduce ACLR requirement for flexible channel bandwidth.
Proposal 4: For the same channel bandwidth, NR ACLR is always tighter than E-UTRA ACLR, therefore it is not necessary to verify E-UTRA ACLR.
Proposal 5: Necessity of ACLR requirement for the coexistence with a narrower E-UTRA channel bandwidth should be discussed further.
Proposal 6: The UTRA ACLR is not necessary for the band if UTRA operating band is not specified in TS25.101.
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frequency

[6] GHz

0 Hz

100 GHz

Range 1: Conducted (OTA is not precluded)

Range 2: Only OTA

[24] GHz

(Note: Threshold frequency of conducted and OTA tests (i.e. [6] GHz) can be further discussed)


