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1  Introduction 
This contribution highlights the issue of many missing fallback band combinations in the band combinations tables of the 3GPP 38.101 specs. Also LTE fallbacks of EN-DC combinations are missing. It also discusses the necessity of a solution to this issue and introduces some ways to solve the issue.
2  Discussion
When processing all the band combinations, which are specified in the 3GPP specs, to check which band combinations are specified and can be supported in the phone and which are not specified and cannot be supported, we found out that there is a high number of fallback combinations missing. This is basically across all types of band combinations, but mainly combinations with FR2 combined contiguous/non-contiguous intra-band CA are affected. In total there are almost 1100 fallback combinations missing in the 38.101-x specs from 2021-09, we didn’t yet check the missing fallbacks of the 2021-12 spec, it may be some of the missing fallbacks have been added or new combinations with missing fallbacks have been added.
2.1. Issues with missing fallbacks
The UE needs to be built to support all the fallback combinations, since the fallback combinations are mandatory to support. Also the UEs need to be tested for each of the fallbacks against the 3GPP specs and regulatory requirements. If there is a fallback missing, it will not be tested and implemented to support that combination, although the UE needs to support it. This may in the end result in a failure in the network, in case the UE doesn’t support the combination because it is not in 3GPP specs. This is especially an issue, if for example a UE doesn’t support the higher order combinations but only lower order combinations. One real example: The UE supports DC_2A-2A_n261G but not DC_2A-2A_n261I. DC_2A_2A_n26I is in the spec, but not DC_2A_n260G (and H). In that case during development there will be a check if the combination DC_2A-2A_n260G is specified in 3GPP, and since it is not specified, the combination will be removed as it cannot be tested and supported. So although the hardware could support it, the combination will not be supported, just because it is missing in the spec. This is a simple example which can be solved with a bug fixing CR just adding the combination to the tables. But there are also more complicated combinations, which cannot be fixed so easily.
Observation 1: There will be band combinations dismissed in the development phase and therefore not be supported by the UEs, just because they are fallbacks missing in the 3GPP specs
2.2. Types of missing combinations
2.2.1 Missing fallbacks containing a contiguous intra-band combination
In the example above we have a combination with a contiguous intra-band part. In this case if the highest order of the contiguous intra-band part is specified (in the example above CA_261I) as well as the highest order combination itself, (in the case above DC_2A-2A_n261I), then there is no technical issue to just remove carriers, i.e. downgrading the intra-band contiguous part to BW class G or H in the example. We can just introduce the lower order combination DC_2A_n260G into the band combination tables without technical work.
Observation 2: Missing fallback combinations containing a contiguous intra-band CA part with a certain BW class, where the same combination with a higher order BW class is already specified, can just be added with a CR without technical work.
2.2.2 Missing fallbacks containing a E-UTRA/FR1 part and a FR2 part
If we have a combination with an E-UTRA/FR1 part and a FR2 part, we can consider the two sub-combinations as two separate parts. If the FR1 combination is fully specified and the FR2 combination as well, also all the combinations can be specified without additional work. Examples: if DC_1A_n40A-n258G is the missing fallback, DC_1A_n40A is specified as well as CA_n258G, we can just add the combination with a CR. If one of the parts is not fully specified, we need to specify the missing part first.
Observation 3: Missing fallback combinations containing an E-UTRA/FR1 part and a FR2 part, where both parts are already fully specified, can just be added with a CR without technical work, otherwise the unspecified part needs to be specified first.
2.2.3 Missing fallbacks of NR-CA, EN-DC, NR-DC combinations within FR1
Missing fallbacks of NR-CA, EN-DC and NR-DC combinations within the FR1 frequency range need to be checked in more detail. In many cases they cannot be added by just having a CR. This is especially the case if there are two or three bands involved, since any higher order combination with four bands usually just defers the check for MSD or MPR/A-MPR to the three or two carrier combinations, which are missing in this case. In that case, before adding the fallback combination, the usual procedure needs to be done to add a new combination including definition of MSD or MPR/A-MPR, ΔTIB , ΔRIB.etc.
An example of this is CA_n2A-n5B and CA_n5B-n77A. These rely on CA_n5B as the fallback, but this wasn’t yet specified in the 2021-09 spec. This type of missing fallback would need additional work to specify a new intra-band contiguous CA combination that hadn’t been specified before. However, this has meanwhile been corrected for 2021-12 and CA_n5B has been introduced.
Observation 4: Missing fallbacks of NR-CA, EN-DC and NR-DC combinations within FR1 need to be checked in more detail for MSD etc., they cannot just be added with a CR but need to run through the usual procedure for new band combinations requests.
The major problem is that the higher order combination, which is already listed in the spec, is not fully specified in this case. If we add the fallback after doing the full checks for MSD etc. everything is fine, but if, for whatever reason, we cannot specify the fallback, the higher order combinations are not fully specified and would need to be removed.
Observation 5: If missing fallbacks cannot be added, all the higher order combinations relying on the missing fallback would need to be removed, since they are incompletely specified.
2.2.4 Missing E-UTRA combinations as fallbacks of EN-DC combinations
We have many EN-DC combinations which rely on E-UTRA combinations, which are not specified in 36.101. Since the EN-DC combinations in many cases refer to the E-UTRA specifications for the LTE part, we need to also specify the E-UTRA part of these combinations. If the LTE fallbacks are not specified, this is an issue, since the EN-DC specs then point to non-existing specs. Therefore we need to add these LTE combinations to 36.101. In many cases this would require additional specification work, which hasn’t been done before. We cannot just add the LTE combinations with a CR, but we would need to add them to the LTE basket work item to complete the specification work. Without them being specified in 36.101, we would need to remove the parent combinations from 38.101.
Observation 6: There are missing LTE combinations as fallbacks of EN-DC combinations. They cannot just be added with a CR but need to run through the usual procedure for new LTE band combinations requests.
2.3. Solutions to correct the specs
According to the above we have basically two classes of combinations: those that can be added with a CR and those that need additional work. But first we need to determine which fallbacks are missing
2.3.1 Finding the missing fallback combinations
Attached is an Excel sheet which lists all the missing fallbacks we found in 36.101 and 38.101-x from 2021-09. We found 56 missing LTE combinations, 86 missing NR CA/DC combinations and 934 missing EN-DC combinations. For each missing fallback there is a list of the parent combinations in the columns B to Q. Of course before doing CRs, this needs to be updated to list the missing combinations in the upcoming 2022-03 specs.
2.3.2 Missing fallbacks which can be added with a CR
We propose to have a set of CRs adding the missing fallbacks that do not need extra work to the corresponding specs in the next meeting.
Proposal 1: RAN4 should add the missing fallbacks that don’t need extra specification work with a CR.
2.3.3 Missing fallbacks which need additional work
For those missing fallbacks that need extra specification work as discussed above, we need to generate a list and add them to the basket work items. 
Proposal 2: RAN4 should generate a list of missing fallbacks that cannot be added with a CR. These fallbacks need to be added to the band combination request sheet for the usual processing with the 
2.3.4 Missing fallbacks which will not be specified
If there are still missing fallbacks after the process above, the parent combinations of these fallbacks need to be removed, as these parent combinations are not fully specified due to the missing fallbacks. The specification would be incomplete if not removing these combinations and the UE cannot implement these combinations due to the incomplete specification.
Proposal 3: After completing the steps in the proposals above, the higher order parent combinations of these still missing fallbacks will be removed from the 38.101-x specifications.


3  Conclusions
This contribution discusses the issue of missing fallbacks and has some proposals to solve the issue. The following observations and proposals are made:
Observation 1: There will be band combinations dismissed in the development phase and therefore not be supported by the UEs, just because they are fallbacks missing in the 3GPP specs
Observation 2: Missing fallback combinations containing a contiguous intra-band CA part with a certain BW class, where the same combination with a higher order BW class is already specified, can just be added with a CR without technical work.
Observation 3: Missing fallback combinations containing an E-UTRA/FR1 part and a FR2 part, where both parts are already fully specified, can just be added with a CR without technical work, otherwise the unspecified part needs to be specified first.
Observation 4: Missing fallbacks of NR-CA, EN-DC and NR-DC combinations within FR1 need to be checked in more detail for MSD etc., they cannot just be added with a CR but need to run through the usual procedure for new band combinations requests.
Observation 5: If missing fallbacks cannot be added, all the higher order combinations relying on the missing fallback would need to be removed, since they are incompletely specified.
Observation 6: There are missing LTE combinations as fallbacks of EN-DC combinations. They cannot just be added with a CR but need to run through the usual procedure for new LTE band combinations requests.
Proposal 1: RAN4 should add the missing fallbacks that don’t need extra specification work with a CR.
Proposal 2: RAN4 should generate a list of missing fallbacks that cannot be added with a CR. These fallbacks need to be added to the band combination request sheet for the usual processing with the 
Proposal 3: After completing the steps in the proposals above, the higher order parent combinations of these still missing fallbacks will be removed from the 38.101-x specifications.
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