
3GPP TSG-RAN WG4 Meeting RAN4#84                       R4-1707960
Berlin, Germany, 21–25, Aug 2017
Agenda item:
9.3.5.1
Source: 
ZTE
Title: 
Discussion on ACLR and ACS requirement for below 6GHz NR BS
Document for:
Approval
1. Introduction 
In the last NR AH#2 meeting, there are extensive discussions on ACLR and ACS requirement for below 6GHz NR BS and some remaining open issue are also listed in the WF [1]. Therefore in this contribution, we want to share some further considerations on this open issues.  

2. Discussion  
2.1 ACLR 
According to the WF, the general ACLR requirement 45dBc has been agreed for NR BS. When E-UTRA system is operating at the adjacent channel, it’s beneficial to select one worst case to reduce the test complexity and save test time. In the last NR AH# 2 meeting, the main argument is whether other than 5MHz adjacent channel bandwidth for NR vs E-UTRA is necessary.
In order to identify the worst case, some evaluation results are shown as following for further discussion. In this contribution, channel bandwidths supported by UE are used for initial evaluation. The calculation principle for the mean power on the adjacent channel band is illustrated in Figure2. Here only channel bandwidth of 20MHz is demonstrated, other channel bandwidths are similar.
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Figure 2. ACLR1 for 20MHz NR v.s. 5/10/15/20MHz E-UTRA
In Figure 2, the wanted carrier channel bandwidth is 20MHz NR with 106 active RB, and adjacent channel bandwidths are 5/10/15/20MHz of E-UTRA. Since the mean power of the wanted signal for one specific bandwidth are the same for different adjacent channel measurement bandwidth, we only calculate the mean power on the 1st adjacent channel bandwidth, which are listed as in Table1/2/3. 

Table1. Measured mean power at the 1st adjacent channel-SCS: 15kHz
	
	5MHz
	10MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz

	5MHz
	-15.9477
	-16.2902
	-17.0732
	-17.5085
	-16.4624
	-16.9637
	-16.1909

	10MHz
	-19.4555
	-19.1153
	-18.6960
	-18.3954
	-17.6077
	-17.4203
	-16.9109

	15MHz
	-22.8256
	-21.3452
	-19.8805
	-18.9171
	-18.0071
	-17.9546
	-17.8912

	20MHz
	-25.7341
	-22.9113
	-20.6432
	-19.3024
	-18.1900
	-18.1282
	-19.0557


Table2. Measured mean power at the 1st adjacent channel-SCS: 30kHz

	
	5MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60MHz
	80MHz
	100MHz

	5MHz
	-14.2954
	-15.2443
	-15.0126
	-14.8355
	-16.4966
	-17.2027
	-17.5037
	-15.7999
	-16.7596
	-16.3145

	10MHz
	-16.1903
	-17.0802
	-16.6246
	-16.2873
	-17.7306
	-17.8672
	-18.0179
	-16.7160
	-17.3701
	-17.0096

	15MHz
	-18.1577
	-18.8764
	-18.1027
	-17.7209
	-18.8245
	-18.2793
	-18.3314
	-17.2153
	-17.6999
	-17.2455

	20MHz
	-20.1108
	-20.5233
	-19.6036
	-19.0907
	-19.7182
	-18.5225
	-18.4453
	-17.5039
	-17.7389
	-17.1702


Table3. Measured mean power at the 1st adjacent channel-SCS: 60kHz

	
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60MHz
	80MHz
	100MHz

	5MHz
	-11.7741
	-13.3360
	-14.9012
	-13.0440
	-13.9748
	-15.8332
	-15.4810
	-14.5717
	-14.3432

	10MHz
	-12.9078
	-14.2443
	-15.7005
	-14.0041
	-14.8173
	-16.3945
	-16.0841
	-15.1494
	-15.0724

	15MHz
	-13.9237
	-15.1912
	-16.6657
	-14.8245
	-15.5317
	-17.0522
	-16.6224
	-15.7965
	-15.6399

	20MHz
	-14.8948
	-16.2428
	-17.5281
	-15.6493
	-16.2234
	-17.5600
	-17.2248
	-16.2662
	-16.1231


According to the above tables, the worst case for each channel bandwidth for each SCS is summarized in following Table 4.

Table4. Summary of worst case at the 1st adjacent channel for ACLR1 requirement

	
	5MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60MHz
	80MHz
	100MHz

	15kHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	NA
	NA
	NA

	30kHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz

	60kHz
	NA
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz
	5MHz


As indicated in Table 4, the worst cases are the 5MHz as the adjacent channel bandwidth for all of the combinations of CBW and SCS. Moreover, the new waveform technique and high spectrum utilization is adopted by NR BS, lower PSD could be observed in the adjacent channel bandwidth compared with CP-OFDM. 

Thus it is reasonable to select the 5MHz channel bandwidth only as adjacent channel for the NR vs. E-UTRA ACLR definition. It is no need to specify BS 45 dB ACLR for other than 5MHz adjacent channel bandwidth for both up to 20MHz and larger than 20MHz. 

Proposal 1: specify 5MHz channel bandwidth only as adjacent channel for NR vs E-UTRA ACLR requirement regardless channel bandwidth of wanted signal; 
Since there are no agreements on the channel bandwidths supported by NR BS, here we use A/B/C MHz and X/Y/Z MHz to indicate the channel BW up to 20MHz and larger than 20MHz, respectively. In addition, we use the same principle of LTE which is the ACLR in paired spectrum and unpaired spectrum with synchronized operation, respectively, because it seems there is no agreements on the duplex modes for NR BS. In this way, the NR BS ACLR (ACLR1 and ACLR 2) can be summarized in table 1 and table 2. 

Table 5. Illustration for NR Base Station ACLR in paired spectrum
	NR channel BW

(MHz)
	ACLR limit for 1st and 2nd Adjacent channel relative to assigned channel frequency [dB]

	
	
	UTRA

5MHz
	E-UTRA 5MHz
	NR A[MHz]
	NR B[MHz]
	NR C[MHz]
	NR X[MHz]
	NR Y[MHz]
	NR Z[MHz]

	A
	ACLR1
	45
	45
	45
	-
	-
	-
	-
	-

	
	ACLR2
	45
	45
	45
	-
	-
	-
	-
	-

	B
	ACLR1
	45
	45
	-
	45
	-
	-
	-
	-

	
	ACLR2
	45
	45
	-
	45
	-
	-
	-
	-

	C
	ACLR1
	45
	45
	-
	-
	45
	-
	-
	-

	
	ACLR2
	45
	45
	-
	-
	45
	-
	-
	-

	X
	ACLR1
	45
	45
	-
	-
	-
	45
	-
	-

	
	ACLR2
	45
	45
	-
	-
	-
	45
	-
	-

	Y
	ACLR1
	45
	45
	-
	-
	-
	-
	45
	-

	
	ACLR2
	45
	45
	-
	-
	-
	-
	45
	-

	Z
	ACLR1
	45
	45
	-
	-
	-
	-
	-
	45

	
	ACLR2
	45
	45
	-
	-
	-
	-
	-
	45


Table 6. Illustration for NR Base Station ACLR in unpaired spectrum with synchronized operation
	NR channel BW

(MHz)
	ACLR limit for 1st and 2nd Adjacent channel relative to assigned channel frequency [dB]

	
	
	UTRA

7.68 Mcps
	UTRA

3.84 Mcps
	UTRA

1.28 Mcps
	E-UTRA 5MHz
	NR A

[MHz]
	NR B

[MHz]
	NR C

[MHz]
	NR X

[MHz]
	NR Y

[MHz]
	NR Z

[MHz]

	A
	ACLR1
	45
	45
	45
	45
	45
	-
	-
	-
	-
	-

	
	ACLR2
	45
	45
	45
	45
	45
	-
	-
	-
	-
	-

	B
	ACLR1
	45
	45
	45
	45
	-
	45
	-
	-
	-
	-

	
	ACLR2
	45
	45
	45
	45
	-
	45
	-
	-
	-
	-

	C
	ACLR1
	45
	45
	45
	45
	-
	-
	45
	-
	-
	-

	
	ACLR2
	45
	45
	45
	45
	-
	-
	45
	-
	-
	-

	X
	ACLR1
	45
	45
	45
	45
	-
	-
	-
	45
	-
	-

	
	ACLR2
	45
	45
	45
	45
	-
	-
	-
	45
	-
	-

	Y
	ACLR1
	45
	45
	45
	45
	-
	-
	-
	-
	45
	-

	
	ACLR2
	45
	45
	45
	45
	-
	-
	-
	-
	45
	-

	Z
	ACLR1
	45
	45
	45
	45
	-
	-
	-
	-
	-
	45

	
	ACLR2
	45
	45
	45
	45
	-
	-
	-
	-
	-
	45


In the above tables, the measurement bandwidths on adjacent channel for ACLR are defined as follow:

1: NR vs. UTRA FDD:

The measurement bandwidth is 3.84MHz bandwidth RRC filter with roll-off factor a=0.22 centered on the adjacent channel
2: NR vs. UTRA TDD
The measurement bandwidth is 7.68MHz, 3.84MHz or 1.28MHz bandwidth RRC filter with roll-off factor a=0.22 centered on the adjacent channel
3: NR vs. E-UTRA

The measurement bandwidth is a rectangular filter with a bandwidth equal to the transmission bandwidth configuration NRB ∙ 180 kHz centered on the 1st or 2nd adjacent channel.

4: NR vs. NR

The measurement bandwidth is a rectangular filter with a bandwidth equal to the transmission bandwidth configuration NRB ∙ BWRB kHz centered on the 1st or 2nd adjacent channel.
2.2 ACS 

For the ACS requirement, the open issue needs further clarification is on adjacent channel bandwidth. In the approved WF [1], two options are listed as following.
	· Adopt 46dB ACS to all NR BS. 
· FFS on adjacent channel bandwidth
· Option1: The adjacent channel bandwidth is the same as the bandwidth of the wanted signal.

· Option 2: The same number of RB with wanted signal will be used for adjacent interfering signal. 


For option1, the adjacent channel bandwidth is the same as the bandwidth of wanted signal which is based on the methodology how ACS interfering signal is defined for E-UTRA BS. For E-UTRA BS, if channel bandwidth is equal to or larger than 5MHz, adjacent channel bandwidth is set as 5MHz. There are two major considerations for this specification, the channel bandwidth of wanted signal is 5MHz according to the REFSENS discussion and the simplicity of testing equipment for generating the ACS interfering signal.   
For option2, the same number of RB with wanted signal will be used for adjacent interfering signal, this seems to be clarified from FRC setting point of view. 
If there are only one SCS defined, then option1 and option2 seems as the same from different aspects, however for range1 NR BS, different subcarrier spacing has been defined, e.g. 15KHz, 30KHz,60KHz. From the simplicity of testing perspective, we think the same SCS for wanted signal and ACS interfering signal could be defined. In addition, the additional frequency offset to avoid the orthogonality as did for E-UTRA BS and UE [2] should also be introduced for each SCS.
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and  
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 is the frequency offset between the channel centre of the desired signal and the interferer, and 
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 is the calculated offset increment. 
Proposal 2: the same SCS for wanted signal and ACS interfering signal should be defined; 

Proposal3: additional frequency offset to avoid the orthogonality between wanted signal and ACS interfering signal as did for E-UTRA BA and UE should be considered. 
3. Conclusions
In this proposal, we shared some further considerations on ACLR and ACS requirement for below 6GHz NR BS  and proposals are made as following:
Proposal 1: specify 5MHz channel bandwidth only as adjacent channel for NR vs E-UTRA ACLR requirement regardless channel bandwidth of wanted signal; 
Proposal 2: the same SCS for wanted signal and ACS interfering signal should be defined; 

Proposal3: additional frequency offset to avoid the orthogonality between wanted signal and ACS interfering signal as did for E-UTRA BA and UE should be considered. 
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