3GPP TSG-RAN WG4 Meeting #56
R4-102833
Madrid, EP 23-27 Aug. 2010
Source:
Fujitsu, NTT docomo
Title:
Occupied Bandwidth of aggregated carriers
Agenda item:
8.3.1.5
Document for:
Approval
Introduction

In RAN4 adhoc #2010-03, discussion of occupied bandwidth for aggregated carriers took place [1]. This document further discusses the subject considering its technical nature as well as a regulatory aspect observed in Japan.

1. Channel bandwidth, Channel spacing and Unwanted emissions

As excerpted in the appendix, several terminologies are specified in ITU-R RR [2] .It defines ‘out-of-band domain (of an emission) as:

Out-of-band domain (of an emission): The frequency range, immediately outside the necessary bandwidth but excluding the spurious domain, in which out-of-band emissions generally predominate. Out-of-band emissions, defined based on their source, occur in the out-of-band domain and, to a lesser extent, in the spurious domain. Spurious emissions likewise may occur in the out-of-band domain as well as in the spurious domain. (WRC-03) (RR, No.1.146bis)
It further specifies ‘necessary bandwidth” as:

Necessary bandwidth: For a given class of emission, the width of the frequency band which is just sufficient to ensure the transmission of information at the rate and with the quality required under specified conditions. (RR, No.1.152)
Meanwhile, ‘occupied bandwidth’ is defined as:

Occupied bandwidth: The width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage ß/2 of the total mean power of a given emission. Unless otherwise specified by the BR for the appropriate class of emission, the value of ß/2 should be taken as 0.5%. (RR, No.1.153)

As can be seen by these definitions, out-of-band emissions for a radio communication system are defined based on a necessary bandwidth of its own. It is also observed that an occupied bandwidth for a certain radio communication system is a good measure which would encloses necessary bandwidth of the system.
In 3GPP, TS36.104 [2] specifies a set of requirements for E-UTRA base stations. Its section 6.6 contains requirements for unwanted emissions in which Out of band emissions are claimed as unwanted emissions immediately outside the channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. The channel bandwidths of E-UTRA are specified in Table 5.6-1 as a function of NRB. The channel spacing is defined by the following equation in section 5.7.1, where the assumption is two adjacent carriers adjacent each other at their channel edges and there is a certain gap in-between;

Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2.
If we replace the term “Channel Bandwidth” by “Occupied Bandwidth (OBW)”, it is in line with the way a Japanese regulation defines the frequency range for ACLRs and the out of band emissions.
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Figure 1 Definition of Channel Bandwidth and Transmission Bandwidth Configuration for one E‑UTRA carrier [2]
2. Occupied bandwidth for contiguously aggregated carriers
As proposed in [1], OBW for LTE-A carrier aggregation should be measured with all the component carriers transmitted and configured. There will be aggregations with or without inter component carrier (CC) gaps.  The carrier aggregation (CA) with inter CC gaps would be useful when it is introduced to the existing UTRA/E-UTRA frequency bands since it allows backward compatible operation with these existing systems. The CA without inter CC gaps would be attractive when a new frequency band is available for LTE or LTE-Advanced because the arrangement would give higher frequency utilization. It should be noted that in some cases, especially in case of CA without inter CC gaps, narrower channel spacing than the nominal channel spacing should be applied and the distance between the lower channel edge of the first CC and the upper channel edge of the last CC is less than the total sum of the channel bandwidths (i.e. OBW) of all the CCs aggregated.
Since OBW should give the spacing between the upper and the lower channel edges, the definition of OBW commonly applicable both with and without inter CC gap are required. If we call a CC spacing with and without inter CC gap as ‘nominal CC spacing’ and ‘Packed CC spacing’ respectively, the relations between OBW of the two aggregated carriers and the CC spacing can be expressed by the following equations as shown in Figure 2 or Figure 3.
CA with inter CC gap case:
OBW of aggregated carriers =
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CA without inter CC gap case:
OBW of aggregated carriers =
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For the generalized cases of CA with N CCs with or without inter CC gap, the equation below gives the general definition of generalized OBW as also shown in Figure 4;
OBW of aggregated carriers =
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where ‘CC spacing i’ refers to either ‘nominal’ or ‘packed CC spacing’ between i-th and (i+1)-th CC.

It is worthwhile to note that the equation (3) above gives a definition of OBW for contiguously aggregated carriers regardless of with or without inter CC gaps.
Based on the discussions above, text proposal for “BS TR for CA” [3] is attached in Annex.

3. Conclusion

This paper discusses occupied bandwidth for aggregated carriers and proposes its definition applicable for the cases of with or without inter component carrier (CC) gaps.
Reference
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Figure 2 OBW of aggregated carriers (w. inter CC gap)





Figure 3 OBW of aggregated Carriers (w/o inter CC gap)




Figure 4 OBW of aggregated Carriers (with or without inter CC gaps)
Annex Text proposal for CA BS TR36.808 V0.1.1 (2010-06)
6.6.1
Occupied bandwidth
OBW for aggregated carriers shall be measured with all the component carriers transmitted and configured.
For Carrier aggregation with N component carriers (N CCs) with or without inter component carrier gaps (inter CC gap), the equation below gives the definition of the OBW and Figure 6.6-1 shows their relations;

OBW of aggregated carriers =
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where ‘CC spacing i’ refers to inter component carrier spacing between i-th and (i+1)-th component carrier.

As the requirements, OBW of aggregated carriers shall be less than the sum of a half of OBW of the first component carrier plus the sum of all the spacing of component carriers plus a half of OBW of the last component carrier..
Figure 6.6-1 OBW of aggregated Carriers (with or without inter CC gaps)

< Unchanged sections >
Annex B:
Release 10 draft specification
This Annex is used to capture any text proposals to the Release 10 specification of TS36.104. The baseline for this section is TS36.104 V9.2.0. On completion on this TR these working assumptions will be incorporated into the Rel-10 specification for TS36.104.

Any sub clause which is a sub clause of this heading 2 style will follow the same clause number used in TS36.104 in order to ease future incorporation of these working assumptions into the technical specification.  

< Unchanged sections >
6.6
Unwanted emissions

Unwanted emissions consist of out-of-band emissions and spurious emissions [2]. Out of band emissions are unwanted emissions immediately outside the channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions. 

The out-of-band emissions requirement for the BS transmitter is specified both in terms of Adjacent Channel Leakage power Ratio (ACLR) and Operating band unwanted emissions. The Operating band unwanted emissions define all unwanted emissions in the downlink operating band plus the frequency ranges 10 MHz above and 10 MHz below the band. Unwanted emissions outside of this frequency range are limited by a spurious emissions requirement.

There is in addition a requirement for occupied bandwidth.

6.6.1
Occupied bandwidth

The occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage /2 of the total mean transmitted power. See also ITU-R Recommendation SM.328 [5].

The value of /2 shall be taken as 0.5%.

The requirement applies during the transmitter ON period. The occupied bandwidth for all the component carriers contiguously aggregated at the BS antenna connector shall be measured with all the CCs configured and transmitted.
6.6.1.1
Minimum requirement

The occupied bandwidth for a single component carrier shall be less than the channel bandwidth as defined in Table 5.6-1. The occupied bandwidth for all the component carriers contiguously aggregated at the antenna connector shall be less than the sum of a half of OBW of the first component carrier plus the sum of all the spacing of component carriers plus a half of OBW of the last component carrier.
Appendix Excerption from ITU-R Radio Regulations
1.144 out-of-band emission: Emission on a frequency or frequencies immediately outside the necessary bandwidth which results from the modulation process, but excluding spurious emissions.
1.145 spurious emission: Emission on a frequency or frequencies which are outside the necessary bandwidth and the level of which may be reduced without affecting the corresponding transmission of information. Spurious emissions include harmonic emissions, parasitic emissions, intermodulation products and frequency conversion products, but exclude out-of-band emissions.

1.146 unwanted emissions: Consist of spurious emissions and out-of-band emissions.

1.146bis out-of-band domain (of an emission): The frequency range, immediately outside the necessary bandwidth but excluding the spurious domain, in which out-of-band emissions generally predominate. Out-of-band emissions, defined based on their source, occur in the out-of-band domain and, to a lesser extent, in the spurious domain. Spurious emissions likewise may occur in the out-of-band domain as well as in the spurious domain. (WRC-03)

1.146ter spurious domain (of an emission): The frequency range beyond the out-of-band domain in which spurious emissions generally predominate. (WRC-03)

1.147 assigned frequency band: The frequency band within which the emission of a station is authorized; the width of the band equals the necessary bandwidth plus twice the absolute value of the frequency tolerance. Where space stations are concerned, the assigned frequency band includes twice the maximum Doppler shift that may occur in relation to any point of the Earth's surface.

1.148 assigned frequency: The centre of the frequency band assigned to a station.
1.152 necessary bandwidth: For a given class of emission, the width of the frequency band which is

just sufficient to ensure the transmission of information at the rate and with the quality required under

specified conditions.

1.153 occupied bandwidth: The width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage ß/2 of the total mean power of a given emission. Unless otherwise specified by the BR for the appropriate class of emission, the value of ß/2 should be taken as 0.5%.
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