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1 Introduction
During RAN4 #94e meeting, WF[1] was approved which captured progress on intra-band UL contiguous CA emission requirements. The remaining issue would be focus on ACLR MBW. There are different ACLR MBW solutions for intra-band contiguous UL CA.
	· Option 1[1st round comment]:
· Offset for ACLR: ±BWchannel_CA
· MBW= BWchannel_CA -2*max(BWGB1, BWGB2). SCS adoption of each CC is defined as current 5.3A.3 of 38.101

· Channel space can be less or equal to nominal channel space to ensure BWchannel_CA not exceed CBW1+CBW2:

*For simulation and measurement assumption, nominal channel space is used since no risk on BWChannel_CA > CBW1+CBW2  for 20M+20M, 50M+50M, 100M+60M and 100M+100M
· Option 2[1st round comment]:
· ACLR MBW=BWchannel_CA-2max(BWGB1, BWGB2), where BWchannel_CA= nominal channel space+ Foffset,high + Foffset,low. Do not use largest common µ for Foffset,high and  Foffset,low. Largest common µ is only used for nominal channel spacing.

· Offset for ACLR: ± BWchannel_CA
· Note that BWCA for different numerology can exceed CBW1+CBW2.

· Option 3A[2]:
· [image: image2.png]For BWgz = max(BWgs cnanneice) ()



), use the largest common µ which is defined in 5.4A.1 of TS 38.101
· ACLR MBW=BWchannel_CA-2max(BWGB1, BWGB2), where BWchannel_CA= nominal channel space+ Foffset,high + Foffset,low. use largest common µ for Foffset,high and  Foffset,low. 


This paper provides further analysis and measurement result on intra-band UL CA emission requirement. 
2 Discussion
2.1 ACLR MBW
ACLR MBW was agreed as BWChannel_CA – 2*max(GB(low),GB(high)) for both wanted and adjacent. Companies have concern on the SCS adoption when calculating the MBW. In the WF[1], some backgrounds are captured as below:

	· Since nominal channel space for CA are specified relative large and fixed with numerology which ensures there is a channel space entry less than or equal to the nominal channel space for any CC configurations, with the assumption on ACLR MBW=BWChannel_CA – 2*max(GB(low),GB(high)) and BWChannel_CA= nominal channel space+ Foffset,high + Foffset,low, the different solution on SCS adoption for each CC may lead to:
· BWChannel_CA > CBW1+CBW2 if adopts the SCS defined in 5.3A.1 of TS 38.101
· The wanted signal may not be captured within the MBW if adopts the SCS defined in 5.4A.1 of TS 38.101


Since we already have agreement[2] that “confine the number of component carrier to no more than two CCs for NR intra-band UL CA”, we can simply use 2CC as example to have further analysis.
BWChannel_CA is defined in sub clause 5.3A.3, it can be deduced with following equations:

BWChannel_CA = Fedge,high - Fedge,low (MHz)                (1)
Fedge,low = FC,low - Foffset,low

Fedge,high = FC,high + Foffset,high                                        (2)

Foffset,low = (NRB,low*12 + 1)*SCSlow/2 + BWGB (MHz)

Foffset,high = (NRB,high*12 - 1)*SCShigh/2 + BWGB (MHz)

BWGB = max(BWGB,Channel(k))                        (3)

Where BWGB,Channel(k) is the minimum guard band defined in subclause 5.3.3 of carrier k, while NRB,low and NRB,high are the transmission bandwidth configurations according to Table 5.3.2-1 for the lowest and highest assigned component carrier, SCSlow and SCShigh are the sub-carrier spacing for the lowest and highest assigned component carrier respectively.
Revising the intra-band contiguous CA figure into 2CCs as fig1:


[image: image3]
Fig 1. Aggregated channel bandwidth for 2CCs
However, in NR, we define nominal channel space as a fixed value which would not vary for different SCS. The µ adoption are agreed as the common largest between 2CCs. For example, for CC1 and CC2 as below, the common largest SCS would be 30kHz. It actually leads to a relative large nominal channel space which ensures the valid channel space for any configurations could be less than the nominal channel space:
	SCS
	CC1
	CC2

	15kHz
	Yes
	No

	30kHz
	Yes
	Yes

	60kHz
	No
	No


But it is possible we still use 15kHz SCS in CC1 and 30kHz SCS in CC2. Then BWChannel_CA may be larger than CBW1+CBW2. We provide calculating process in [2]. We try to solve the problem with below solution.
2.1.1 Whether nominal channel space is valid channel space for all CA configurations?
Firstly, as defined in TS 38.101, the channel space for intra-band contiguous CA shall be satisfied with following conditions:

· multiple of least common multiple of channel raster and sub-carrier spacing
· less or equal to nominal channel space
Reviewing on the nominal channel space equation:
	For NR operating bands with a 100 kHz channel raster:
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Regardless of Common largest µ adoption, the least common multiple of channel raster and sub-carrier spacing would be 300kHz. For 100kHz channel raster, nominal channel space is valid for all CA configurations. It means the gNB can just position 2CCs as nominal channel space.
	while for NR operating bands without a 100 kHz channel raster:
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with
n = µ0


For SCS based channel raster, the nominal channel space is not adaptable for all CA configurations, because the data SCS could be larger than the common largest µ, then the least common multiple of channel raster and sub-carrier spacing condition is not satisfied. 
So actually, the gNB cannot always configure channel space for intra-band contiguous CA equal to nominal channel space. For such CA configuration, the 2CCs are squeezed inside which makes the channel space less than nominal channel space. Then it can ensure BWChannel_CA ≤ CBW1+CBW2.
Observation1: nominal channel space is not valid for all CA configurations. gNB shall adjust the channel space< nominal channel space for such un-valid cases. The adjustment can ensure BWChannel_CA ≤ CBW1+CBW2.
2.1.2 The reference channel space for MPR measurement/simulation

In the last meeting, there is one proposal that to specify the channel space less than nominal channel space for ACLR MBW. It can ensure all wanted signal is captured into ACLR measurement.
However, there is comment that we may need to have reference channel space for MPR measurement/simulation. Nominal channel space=channel space would be the easiest way.
For simulation/measurement on MPR, currently we are focus on cases of 50M+50M, 60M+100M, 100M+100M configurations. For these configurations, we calculated the BWchannel_CA(assuming nominal channel space and smallest SCS supported for Foffset,low and Foffset,high) comparing with CBW1+CBW2 as below:
	CBW1
	CBW2
	SCS1
	SCS2
	Nominal channel space
	Foffset,low
	Foffset,high
	BWchannel_CA
	CBW1+CBW2

	50MHz
	50MHz
	15kHz
	15kHz
	49.98
	25
	24.985
	99.965
	100

	60MHz
	100MHz
	30kHz
	30kHz
	79.8
	30.02
	49.97
	159.79
	160

	100MHz
	100MHz
	30kHz
	30kHz
	99.96
	50
	49.97
	199.93
	200


We can see that BWchannel_CA≤CBW1+CBW2 for all cases which are used for intra-band contiguous CA MPR evaluation.
Observation 2: BWchannel_CA≤CBW1+CBW2 for all cases which are used for intra-band contiguous CA MPR evaluation.
From the analysis in 2.1.1 and 2.1.2, we can see that the flexibility on mixed numerology and the request on fixed reference CC positions for measurement/simulation are in contradiction. The best solution would be separate the channel space definition on RF requirement and RF tests. Since all CA configuration we used for MPR simulation/measurement have the BWchannel_CA ≤ CBW1+CBW2, we can use the solution in proposal that the channel space can be configured less than nominal channel space while the CCs are positioned with nominal channel space when measurement/simulation. 
Proposal 1: 

· MBW= BWchannel_CA -2*max(BWGB1, BWGB2). SCS adoption of each CC is defined as current 5.3A.3 of 38.101

· Channel space can be less or equal to nominal channel space to ensure BWchannel_CA not exceed CBW1+CBW2

· Channel space=nominal channel space for simulation assumption of UL CA MPR.
Or we can define the other set of nominal channel space in RMC, all tests and evaluation could use the other set of nominal channel space.
Nominal channel space for intra-band contiguous CA tests can be defined as below:

For NR operating bands with a 100 kHz channel raster:
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while for NR operating bands without a 100 kHz channel raster:
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with
n = µ0
Where µ0=least common multiple of max (µ1, µ2) and channel raster, µ1 and µ2 are the subcarrier spacing configured in CC1 and CC2 respectively. GBChannel(i) is the minimum guard band for channel bandwidth i with µ0.

Proposal 2: the other solution is to define dedicated nominal channel space for RF CA test:

· Nominal channel space use the least common multiple of configured SCS and channel raster

· Channel space=nominal channel space for RF CA test

· For Foffset,low and Foffset,high, SCS adoption of each CC is defined as current 5.3A.3 of 38.101
3 Conclusion

In this contribution we discussed on the open issues on intra-band contiguous UL CA emission requirement, according to the analysis, we have the following proposals:
Observation1: nominal channel space is not valid for all CA configurations. gNB shall adjust the channel space< nominal channel space for such un-valid cases. The adjustment can ensure BWChannel_CA ≤ CBW1+CBW2.
Observation 2: BWchannel_CA≤CBW1+CBW2 for all cases which are used for intra-band contiguous CA MPR evaluation.
Proposal 1: 

· MBW= BWchannel_CA -2*max(BWGB1, BWGB2). SCS adoption of each CC is defined as current 5.3A.3 of 38.101

· Channel space can be less or equal to nominal channel space to ensure BWchannel_CA not exceed CBW1+CBW2

· Channel space=nominal channel space for simulation assumption of UL CA MPR.
Proposal 2: the other solution is to define dedicated nominal channel space for RF CA test:

· Nominal channel space use the least common multiple of configured SCS and channel raster

· Channel space=nominal channel space for RF CA test

· For Foffset,low and Foffset,high, SCS adoption of each CC is defined as current 5.3A.3 of 38.101
· Channel space can be less than nominal channel space when defining RF requirement
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