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Introduction
In RAN4#93 meeting, a number of contributions [1-4] addressed back-off measurements for NR intra-band UL CA, definition of measurement bandwidths and allocation types. A way forward [5] summarized the key aspects to further align and required analysis. In this contribution, we provide a comprehensive definition of the different bandwidths and frequencies associated with intra-band contiguous UL CA, especially addressing CA bandwidth, ACLR measurement bandwidth and SEM mask. Other contributions [6] in this meeting are allocation types definition while measurements results are given in [7], both using measurement bandwidths defined in this paper.
Discussion
Description of CA Bandwidth Definitions
Based on the recent discussions amongst companies contributing for the NR FR1 intra-band contiguous CA in the last two meetings, it seems there is some confusion on the exact bandwidth definitions to be used for ACLR and SEM measurements. Some of those interpretations either results in a CA bandwidth larger than the sum of the two channel bandwidths (which should not be allowed) or with ACLR measurement bandwidths that do not capture the whole wanted transmission.
In an attempt to reconcile all those definitions, the different bandwidths are illustrated in Figure 1 and will be useful to picture what the equations in the next chapters are related to.[image: ]
Figure 1: Illustration of all the relevant bandwidths for class B and C CA
The key parameters are the following, some of them differ to what is used in 38.101-1 as notation is not always consistent between different areas of the specification.
Lowest channel parameters:
· Fc, low = lowest channel carrier frequency
· BWchannel, low = lowest channel bandwidth
· SU, low = maximum RB configuration for the lowest channel for the SCS used in the transmission
· mu, low = Channel spacing order used in the lowest channel for the SCS used in the transmission 
· SCS, low = 2^(mu, low)
· GB, low = minimum guard band for the lowest channel for the SCS used in the transmission
Highest channel parameters:
· Fc, high = highest channel carrier frequency
· BWchannel, high = highest channel bandwidth
· SU, high = maximum RB configuration for the highest channel for the SCS used in the transmission
· mu, high = Channel spacing order used in the highest channel for the SCS used in the transmission 
· SCS, high = 2^(mu, high)
· GB, high = minimum guard band for the highest channel for the SCS used in the transmission
CA parameters:
· Fc_CA= CA carrier frequency (in the center of BW_CA)
· BWchannel_CA = CA configuration bandwidth
· mu0 = Channel spacing order used for SCS based raster in the band
· BWGB = minimum guard band for the CA configuration
· Nominal Channel Spacing = Fc, high –Fc, low: derived from channel raster used in the band (100kHz or mu0 for SCS based)
· MBW_CA = BWCA-2*BWGB: used for ACLR measurement bandwidth
· BWAgg = BWchannel, low + BWchannel, high: aggregated channel bandwidth used to define OOB domain
· Fedge, low: offset from lowest channel carrier frequency and lower edge of CA configuration bandwidth
· Fedge, high: offset from highest channel carrier frequency and upper edge of CA configuration bandwidth
Definitions of CA Bandwidth
To define the CA bandwidth, there is two parameters to calculate:
· The Nominal Channel Spacing which depends on the raster design used in the band as described in 5.4A.1
· The CA guard band used on each side which depend on GB, low and GB, high from the channel BW and the SCS actually used in the transmission from table 5.3.3-1 in 38.101-1
· Fedge, low and Fedget, high: related to each channel spectrum utilization and the CA guard band

Nominal Channel Spacing
If the band uses 100 kHz raster:
Nominal Channel Spacing 
= 0.3*floor((BWchannel, low + BWchannel, high – 2*ABS(GB, low – GB, high)/0.6) [MHz]

If the band uses mu0 as subcarrier spacing order (mu0=0/1/2 for 15/30/60 kHz SCS respectively) used for raster design:
Nominal Channel Spacing 
= 0.015*2^mu0*floor((BWchannel, low + BWchannel, high – 2*ABS(GB, low – GB, high)/(0.015*2^(mu0+1)) [MHz]
Note that mu0 should be ≥ max(mu, low; mu, high)

CA guard band
BWGB = max(GB, low; GB, high)
Transmission bandwidth offset
Foffset, low = (SU, low*12 +1)*0.015/2*2^(mu, low)+BWGB
Foffset, high = (SU, low*12 -1)*0.015/2*2^(mu, high)+BWGB
CA bandwidth

BWchannel_CA = Fedge, high – Fedge, low = Nominal Channel Spacing + Foffset, low + Foffset high

BWchannel_CA = 
Nominal Channel Spacing + (SU, low*12 +1)*0.015/2*2^(mu, low)+ (SU, low*12 -1)*0.015/2*2^(mu, high)+2*BWGB

Proposal 1 on CA bandwidth: 
· There is no need for fundamental spec change which is aligned with the above definitions
· Some text clarification may be done to remove any ambiguities 
Definition of ACLR Measurement Bandwidth
The ACLR measurement bandwidth should correspond to the actual transmission bandwidth from lower edge of the lowest channel transmission bandwidth to the higher edge of the highest channel transmission bandwidth.
This corresponds to the CA bandwidth where the CA guard bands are removed on each sides.
ACLR measurement bandwidth
MBW_CA = BWchannel_CA-2*BWGB 
= Nominal Channel Spacing + (SU, low*12 +1)*0.015/2*2^(mu, low)+ (SU, low*12 -1)*0.015/2*2^(mu, high)
This measurement bandwidth is used to measure both the wanted and adjacent channel.
The frequency offset between the center of the wanted channel and the center of the adjacent measurement bandwidths has two options:
1. Use BWchannel_CA as offset frequency (this was used in our measurements)
2. Use BWchannel, low + BWchannel, high to be on the same ground than a single CC with same bandwidth
Proposal 2 for ACLR definition:
· The wanted and adjacents measurement bandwidth is :
Nominal Channel Spacing + (SU, low*12 +1)*0.015/2*2^(mu, low)+ (SU, low*12 -1)*0.015/2*2^(mu, high)
· The offset frequency between the center of the wanted and adjacent channel is:
BWchannel, low + BWchannel, high
Definition of SEM Mask and Measurement Bandwidths
As discussed in [7] the SEM mask for the NR intra-band contiguous UL CA have two aspects that must be defined:
· The OOB domain offset
· The measurement bandwidth in the first OOB MHz versus the aggregated channel bandwidth
Since there is no reason for the SEM mask for CA to be more aggressive than a single carrier of the same bandwidth and additionally using very small measurement bandwidth in the first MHz being detrimental to the 1RB+1RB case which is unjustified for the larger bandwidths, we believe the design of the SEM mask should follow the following principles.

Proposal 3 for SEM definition:
· The OOB domain should start at:
+/-(BWchannel, low+BWchannel, high)/2
· The -15 dBm/MHz region should end at:
+/-3*(BWchannel, low+BWchannel, high)/2
· The requirement in the first OOB MHz should be: 
-13 dBm/Min(0.01*(BWchannel, low+BWchannel, high);0.4) [MHz]
· Above 40MHz aggregated bandwidth, the measurement bandwidth is clamped at 400 kHz
Examples
In this section we show a few examples of the calculated bandwidths. Table 1 gives the bandwidths for two CA cases:
· 20MHz, 15 kHz SCS + 20 MHz, 15 kHz SCS
· 5MHz, 15 kHz SCS + 100 MHz, 30 kHz SCS
· The bandwidths are given for the 4 possible designs: 100kHz or SCS based on 15, 30 or 60 kHz 
· Note that the only valid cases are those which are equal or above the highest SCS in use in the two channels thus mu0 = 0 is not valid for 5+100MHz since 100MHz can only use 30 kHz SCS
· mu0 is defined for each band in 38.101-1
Table 1: All bandwidth parameters for 20+20MHz and 5+100MHz CA
[image: ]
Observations:
· The largest CA bandwidth is for the SCS based raster with the lowest valid SCS which was used as the worst case for measurements in [7]
· All CA bandwidths are smaller the the aggregated individual channel bandwidth
· The measurement bandwidth for ACLR contains the whole transmission bandwidth
Conclusions
In this contribution, we have provided the formal definitions for contiguous UL CA of channel spacing, CA bandwidth and guard bands, measurements bandwidth and frequency offset for ACLR and finally SEM mask definition. The following proposals are made.

Proposal 1 on CA bandwidth: 
· There is no need for fundamental spec change which is aligned with the above definitions
· Some text clarification may be done to remove any ambiguities

Proposal 2 for ACLR definition:
· The wanted and adjacents measurement bandwidth is :
Nominal Channel Spacing + (SU, low*12 +1)*0.015/2*2^(mu, low)+ (SU, low*12 -1)*0.015/2*2^(mu, high)
· The offset frequency between the center of the wanted and adjacent channel is:
BWchannel, low + BWchannel, high

Proposal 3 for SEM definition:
· The OOB domain should start at:
+/-(BWchannel, low+BWchannel, high)/2
· The -15 dBm/MHz region should end at:
[bookmark: _GoBack]+/-3*(BWchannel, low+BWchannel, high)/2
· The requirement in the first OOB MHz should be: 
-13 dBm/Min(0.01*(BWchannel, low+BWchannel, high);0.4) [MHz]
· above 40 MHz aggregated bandwidth, the measurement bandwidth is clamped at 400 kHz
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CC parameterCC1 CC2

BW [MHz] 20 20Band raster [100kHz/mu0]

mu 0 0NomCH spacing/intraGB[MHz]

19.8 0.72 19.995 0.915 19.98 0.9 19.98 0.9

SCS [MHz] 0.015 0.015CA BW/MBW [MHz]

39.785 38.88 39.98 39.075 39.965 39.06 39.965 39.06

SU 106 106FCC BB CC1/CC2 [MHz]

-9.8925 9.9075 -9.99 10.005 -9.9825 9.9975 -9.9825 9.9975

GB 0.4525 0.4525 40 0.4

BW [MHz] 5 100Band raster [100kHz/mu0]

mu 0 1NomCH spacing/intraGB[MHz]

51.6 0.12 51.885 0.405 51.87 0.39 51.84 0.36

SCS [MHz] 0.015 0.03CA BW/MBW [MHz]

104.6725 102.9825 104.9575 103.2675 104.9425 103.2525 104.9125 103.2225

SU 25 273FCC BB CC1/CC2 [MHz]

-49.23375 2.36625 -49.37625 2.50875 -49.36875 2.50125 -49.35375 2.48625

GB 0.2425 0.845 105 0.4 SEM OOB BW and ACLR offset [MHz] SEM first OOB meas BW [MHz]

CA parameter

SEM first OOB meas BW [MHz]

100 0 1 2

100 0 1 2

SEM OOB BW and ACLR offset [MHz]
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