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1. Introduction
The Release 13 eCA WI introduced a new flag skipFallbackCombinations. When the flag is set by the eNB in the UE Capability Enquiry message, the UE shall omit the CA combinations (except 2DL+1UL) that are fallback of other reported CA band combinations, according to the current text from section 5.6.3.3 of 36.331 [1]. For example, if the UE reports 4DL+1UL CA combination “X+Y+Z+W”, the UE shall omit all 3DL+1UL CA combinations (e.g., “X+Y+Z”), but shall still report supported 2DL+1UL CA combinations (e.g., “X+Y”).

In this contribution, we discuss the issues with reporting the fallback 2DL+1UL CA band combinations.
2. Discussion
2.1. Number of CA combinations

The number of CA combinations is expected to increase with the introduction of CA with larger number of carriers, especially in the unlicensed LAA bands. By skipping 2DL+1UL combinations, the number of combinations can be reduced. 
To give a general idea, for an xDL+yUL combination across x bands, this reduces (xC2*y) 2DL+1UL combinations, where xC2 is the combinatorial function given by x!/(2!*(x-2)!). If a UE supports a 4DL+2UL combination, there are twelve (12) 2DL+1UL fallback combinations. 
The maximum number of combinations supported in supportedBandCombinationReduced is maxBandComb-r13 = 384. Reducing additional band combinations reduces the risk of going higher than the maximum limit, allowing the UE to report all its band combination capabilities. 
Assuming a hypothetical product with:
· 18 bands 
· Note: this is smaller than the largest number of bands supported by some smart phones in the current market.
· With maximum capability of 3 DL CA, there are 172 combinations including all non-CA, 2DL+1UL CA and 3DL+1UL CA. 
· Note that nothing here can be skipped as fallback in Rel 13. 
This could very easily go up with the addition of more bands, UL CA, MIMO capabilities etc. 
· If for example, 30 bands are supported, even if assume a linear scale of increase, it could be as much as 287 band combinations. 
· In reality, the increase may be faster than linear, as an operator will want to combine a new band with all existing bands in its network (this introduces more combination than the last band introduction, which had to be combined with 1 band less).

· If the UE supports a different MIMO capability on one band alone, then the combinations would have to be repeated. For example, with support of four layers on only one band in a band combination, each combination would be repeated as many times as there are bands in the combination. Considering only a repetition of 2x, the resulting number of band combinations is 574, which already exceeds maxBandComb-r13. 
Let us explore the eventual introduction of 4DL CA and 2UL CA. As noted above, if a UE supports a 4DL+2UL combination, there are 12 2DL+1UL fallback combinations. Even if we omit the fallback combinations, the 2UL introduction results in another 50% increase of band combinations, as there are 6 ways to configure 2 uplinks on 4 downlink carriers (4C2), while there are only 4 ways to configure 1 uplink with 4 downlink carriers. So, we need to reserve as much room for future expansion, by programming all networks to accept fallback combinations today - otherwise we always have to argue against legacy network implementations.
In short, with the addition of more features and bands, maxBandComb-r13 will soon be not enough even if we implement the enhancements in Rel-13. Even with requestedFrequencyBands, if we assume an operator with 10 bands, and we add features like MIMO capabilities, 5 DL CA, 2 UL CA, we estimate that the band combinations could exceed maxBandComb-r13. The most important point to note is that 2DL+1UL combinations will dominate the reported combinations.

When the total number of band combinations exceeds maxBandComb-r13, the current spec requires the UE to prioritize the 2DL+1UL combinations (even though they are fallback) ahead of all other higher order (e.g., 3DL, 4DL) CA band combinations. The latter could have been more useful since it also implies the lower order fallback combinations. Thus, the UE ends up giving redundant information in the capability message, which could have been implicitly understood by eNB, and prunes out higher order CA combinations.
Observation 1: 2DL+1UL combinations dominate the reported combinations.
Observation 2: The risk of exceeding maxBandComb-r13 increases with the addition of more features and bands. 
Observation 3: The total number of band combinations can be considerably reduced by skipping fallback 2DL+1UL CA combinations, and thereby reducing the risk of exceeding maxBandComb-r13. This enables the network to know all UE capabilities without any pruning to fit the size.

2.2. Size of the UE capability message
The size of the uplink message can be prohibitively high with larger number of CA combinations. This has recently been discussed in UMTS [3], where large LTE capability size is an issue. Removing the 2DL+1UL fallback can also help with reducing the size of the message.
Observation 4:  The size of the UE Capability Message can be reduced by skipping fallback 2DL+1UL CA combinations.
2.3. Backward compatibility

The feature of skipping fallback combinations is applicable only for Release 13 and further, and is enabled only if network includes skipFallbackCombinations in UE Capability Enquiry. Therefore, the eNB can fully control whether the UE uses this feature or not. Once the feature is enabled by the network, the network has to handle other fallback combinations such as 3DL+1UL (except 2DL+1UL) that are omitted, hence, handling the omitted 2DL+1UL fallback combinations is not anticipated to create extra work for the network implementation. 
Observation 5: the eNB can enable or disable the feature of skipping fallback CA combinations via the flag skipFallbackCombinations.

3. Conclusion
In the light of Observations 1-5, we have the following proposal regarding 2DL+1UL. 
Proposal 1: RAN2 is requested to clarify the following. Appendix shows example text change for 36.331.
· In UE capability report, the UE shall skip the 2DL+1UL CA band combinations which are  fallback combinations of other included CA band combinations. 
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