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1. Introduction
In this document, we discuss general requirements for intra-band contiguous ULCA for FR1.
2. Discussion
Before evaluating MPR, the general requirements must be stated. Recent work item [1] was approved, so it is necessary to provide requirements for ULCA band combinations. BCS has already been approved [2] for NR bands. So, specifying the requirements are necessary before evaluating the MPR for NR CA and before specifying MPR. There are 4 general requirements to consider for NR ULCA, which are IBE, EVM, SEM, and ACLR. MPR evaluation and specification should begin after general requirements are approved.
2.1. IBE, EVM
EVM and IBE requirements apply with all CCs configured and activated in the contiguous CA arrangement. The PRB allocation is only applied on one of the CCs such as the PCC with no PRB allocation on other CCs as shown in Figure 1.
It can be observed that for a given CA configuration containing different waveforms, EVM is only evaluated with PRBs in one CC at a time. So, if CCs contain different waveforms with differing modulation schemes, the higher order modulation scheme will dominate the EVM and be the same as the single CC equivalent. One can see that the single CC MPR table could be leveraged to determine the CA MPR to ease the complexity of CA MPR specification.
Observation 1: if CCs contain different waveforms with differing modulation schemes, the CC with the higher order modulation scheme will dominate the EVM, the EVM will be the same as the single CC equivalent.
Figure 1: EVM, IBE Evaluation for NR CA
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Proposal 1: EVM, IBE performance for intra-band contiguous CA are evaluated with all CCs active and configured with PRB allocation only applied on the PCC and no PRB allocation applied on other CCs as in TS36.101.
2.2. SEM, ACLR

2.2.1.  SEM
The SEM mask for contiguous ULCA has always been a function of the aggregated channel bandwidth, BWChannel_CA. In TS36.101-1, this value was specified explicitly for all bandwidth combinations for a given BW class as shown below. To date, BWChannel_CA is specified for BW class B, C, D for only one sub-carrier spacing of 15KHz and one channel raster of 100KHz. Table 1 shows all the possibilities.
Table 1: LTE CA Aggregated Channel BW
[image: image2.emf]Max. Agg. BW 10 15 20 20

Combo 5+5 5+10 5+15 10+10

BW_Channel_CA 9.8 14.95 19.8 19.9

Max. Agg. BW 25 25 30 30 35 40

Combo 5+20 10+15 10+20 15+15 15+20 20+20

BW_Channel_CA 24.95 24.75 29.9 30 34.85 39.8

Max. Agg. BW 45 45 50 50 55 60

Combo 10+15+2015+15+1510+20+2015+15+2015+20+2020+20+20

BW_Channel_CA 44.6 45 49.7 49.85 54.65 59.6

BW class B

BW class C

BW Class D

Aggregated Channel BW, BW Channel CA (MHz) Vs BW Class (LTE)


In NR, the number of possible different BWChannel_CA are very numerous. For NR, there are 3 sub-carrier spacings, up to 12 different channel BWs, in addition to BW class, and 2 channel rasters.
Observation 2: In NR, it is too cumbersome to specify SEM tables for each possible band combination.
One way to simplify the requirement is to simplify place BWChannel_CA as a variable in the general SEM table as follows: 
Table 2: Proposed NR Intra-band Contiguous CA SEM Mask
	CA Spectrum Emission Mask (dBm)

	∆FOOB, MHz
	Limit
	Measured Bandwidth

	± 0 - 1
	-13
	1% of BWChannel_CA

	± 1 - 5
	-10
	1

	± 5 - X
	-13
	1

	± X - (X+5)
	-25
	1

	X = BWChannel_CA
BWChannel_CA is calculated in Appendix


Proposal 2: Simply state BWChannel_CA as a variable and for MPR evaluation, calculate correctly for each specific CA combination to lower the number of explicit tables as shown in Table 2.

2.2.2.  ACLR
Following the same principle as TS36.101, for intra-band contiguous carrier aggregation, the carrier aggregation NR Adjacent Channel Leakage Power Ratio (CA NRACLR) is the ratio of the filtered mean power centred on the aggregated channel bandwidth to the filtered mean power centred on an adjacent aggregated channel bandwidth at nominal CA channel spacing. The ACLR measurement BW is as follows with diagram in Figure 2:
ACLR Measurement BW = BWChannel_CA – 2*max(GB(low),GB(high)). 
Figure 2: NR ACLR Measurement


[image: image3]
Proposal 3: Use ACLR Measurement BW = BWChannel_CA – 2*max [GB(low), GB(high) ] to evaluate MPR as shown in Figure 2.
3. Conclusion

Observation 1: if CCs contain different waveforms with differing modulation schemes, the CC with the higher order modulation scheme will dominate the EVM, the EVM will be the same as the single CC equivalent.
Proposal 1: EVM, IBE performance for intra-band contiguous CA are evaluated with all CCs active and configured with PRB allocation only applied on the PCC and no PRB allocation applied on other CCs as in TS36.101.

Observation 2: In NR, it is too cumbersome to specify SEM tables for each possible band combination.

Proposal 2: Simply state BWChannel_CA as a variable and for MPR evaluation, calculate correctly for each specific CA combination to lower the number of explicit tables as shown in Table 2.

Proposal 3: Use ACLR Measurement BW = BWChannel_CA – 2*max [GB(low), GB(high) ].
References:
[1] RP-191191, ” Revised WID on Rel-16 NR intra band Carrier Aggregation for xCC DL/yCC UL including contiguous and non-contiguous spectrum (x>=y)”, Ericsson, RAN#84
[2] R4-1906732, ”Revised WID NR Intra-band Rel-16”, Ericsson, RAN4#91
4. Appendix for BWChannel_CA calculation
BWChannel_CA = Fedge,high – Fedge,low  = ∑Nominal channel spacings + Foffset,high + Foffset,low .

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
µ0  = 0, 1, 2 for 15K, 30K, 60K SCS respectively.
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))
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