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1. Introduction

Currently, the Carrier Aggregation (CA) RRM tests defined in 36.521-3 do not include extensive coverage of individual bandwidths within the Bandwidth Combination Set (BCS) default value of BCS=0. As a result, the Component Carriers (CCs) used to test BCS=0 include a single bandwidth per CC in most (if not all) cases, and the current RAN5 RRM tests may fail to identify devices which are not compliant to the 3GPP core specifications. This contribution details AT&T’s observations concerning devices which were found to be non-compliant to the BCS=0 core specifications for CA and recommends that RAN5 consider the inclusion of an expanded suite of CCs in certain CA combinations.
2. Discussion

When CA was originally specified in LTE-Advanced (Release 10), the number of CA band combinations were limited. For example, 3GPP TS 36.101, Release 10 (12-2012) [1], included only one inter-band 2CC CA band entry in Table 5.6A.1-2, and the CCs included in the Release 10 specification for BCS=0 were each 10 MHz wide.
By contrast, in 3GPP TS 36.101 Release 14 (12-2017) [2], Table 5.6A.1-2 includes about 480 individual 2CC CA band entries, with 87 of these explicitly defined as requiring BCS > 0. In addition, a high percentage of the entries in this table requiring support of CCs with individual bandwidths of 5, 10, 15 and 20 MHz. Clearly, as the 3GPP core specifications were updated to support the bandwidth flexibility required by operators world-wide, the sheer number of CC bandwidth combinations expanded significantly.
Currently, 3GPP TS 36.521-3 Release 14 [3], Clause 8.16.x, includes minimal testing of the CC bandwidths which make up BCS = 0 as specified in [2], because to expand these tests such that they include all CC bandwidths currently specified by [2] would greatly increase the test time and test complexity. Nonetheless, AT&T has observed anomalous CA behavior in several devices which indicates the need for multiple-bandwidth CC testing. This document describes a small subset of the CA-related failures observed in the field and proposes a way-forward for consideration by RAN5.
3. Field Observations

The following anomalous UE behaviors associated with actual device implementations supporting BCS= 0 have been noted in the field:
Example Device A; UE Crashes when Assigned Certain CC Bandwidths within CA_2A-12A: 
According to [2], Table 5.6A.1-2, the maximum aggregated bandwidth for 
CA_2A-12A, BCS=0 is 30 MHz. Per [2], the CC bandwidth combinations associated with CA_2A-12A, BCS=0 include:
· Band 2=5 MHz, Band 12=5 MHz

· Band 2=5 MHz, Band 12=10 MHz

· Band 2=10 MHz, Band 12=5 MHz

· Band 2=10 MHz, Band 12=10 MHz

· Band 2=15 MHz, Band 12=5 MHz

· Band 2=15 MHz, Band 12=10 MHz

· Band 2=20 MHz, Band 12=5 MHz

· Band 2=20 MHz, Band 12=10 MHz

As shown above, per [2] CA_2A-12A, BCS=0 includes a total of eight possible CC bandwidth combinations. However, per [3], Clause 8.16.x, only CCs with an aggregated bandwidth of 20 MHz are tested (e.g. 10 MHz in Band 2 and 10 MHz in Band 12). AT&T discovered that if CA_2A-12A, BCS=0 with a total aggregated BW > 20 MHz is assigned by the eNB (e.g. Band 2=15 MHz, Band 12=10 MHz), Example Device A (a Category 4 UE) will crash. 
Example Device B; UE will not Support CA_2A-2A with Either Component Carrier > 10 MHz:

This failure is similar to that described by Example Device A. According to [2], Table 5.6A.1-3, the maximum aggregated bandwidth for CA_2A-2A BCS=0 is 40 MHz. The intra-band non-contiguous CC bandwidth combinations associated with CA_2A-2A, BCS=0 include:

· Band 2a=5 MHz, Band 2b=5 MHz

· Band 2a =5 MHz, Band 2b =10 MHz

· Band 2a =5 MHz, Band 2b =15 MHz

· Band 2a =5 MHz, Band 2b =20 MHz
· Band 2a =10 MHz, Band 2b =5 MHz

· Band 2a =10 MHz, Band 2b =10 MHz

· Band 2a =10 MHz, Band 2b =15 MHz

· Band 2a =10 MHz, Band 2b =20 MHz

· Band 2a =15 MHz, Band 2b =5 MHz

· Band 2a =15 MHz, Band 2b =10 MHz

· Band 2a =15 MHz, Band 2b =15 MHz

· Band 2a =15 MHz, Band 2b =20 MHz

· Band 2a =20 MHz, Band 2b =5 MHz

· Band 2a =20 MHz, Band 2b =10 MHz

· Band 2a =20 MHz, Band 2b =15 MHz

· Band 2a =20 MHz, Band 2b =20 MHz
As shown above, CA_2A-2A, BCS=0 in [2] allows a total of 16 possible CC bandwidth combinations. However, per [3], Clause 8.16.x, only CCs with an aggregated bandwidth of 20 MHz are tested (e.g. Band 2a =10 MHz, Band 2b =10 MHz). AT&T discovered that if CA_2A-2A, BCS=0 with a total aggregated BW > 20 MHz (e.g. Band 2a =10 MHz, Band 2b =15 MHz) is assigned by the eNB, Example Device B (a Category11 device) will fail to set up the CA combination and report an associated setup failure. 

4. Recommendation

Clearly, test time and test complexity are high-priority concerns for RAN5 and the industry in general. Therefore, 3GPP RAN5 should not plan to add tests to [3], Clause 8.16.x for all possible CC bandwidth combinations called for in the associated table entries from [2], Clause 5.6.x. However, it’s also clear that the lack of testing for individual component carrier bandwidths > 10 MHz has allowed devices which aren’t conformant to the core specifications in [2] to enter the marketplace. A more prescriptive CA testing approach is required, as proposed below:
Execute CA Testing at 50% and 100% of the Maximum Specified Aggregated Bandwidth for BCS=0: 
In [2], Clause 5.6.x, the maximum aggregated bandwidth for each CA band combination is specified. All CA RRM conformance tests in [3], Clause 8.16.x, shall include at least one test iteration where 100% of the maximum aggregated bandwidth specified for each supported CA combination specified in [2] for BCS=0 is tested, and a second iteration which represents 50% of the maximum aggregated bandwidth specified by [2] for BCS=0.
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