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1 Introduction
It is known that that the potential size of E-UTRA UE radio capabilities (IE UE-EUTRA-Capability) has grown considerably with the addition of Carrier Aggregation band combinations. As a result GERAN is concerned about reverse SRVCC and PS Handover (ref. [1]) and SA2 is concerned about MME storage of the capabilities (ref. [2]).

The capabilities can, theoretically, exceed the limits in GERAN and MME. The question is how realistic this problem situation is. This paper makes some estimates for potential rel-11 E-UTRAN UEs, in order to better assess the need for a solution.
Solution proposals are discussed and presented in papers [3]-[5].
2 Size estimate of E-UTRA UE radio capabilities
The analysis is based on 36.331 v11.3.0.

The maximum theoretical size of IE UE-EUTRA-Capability is approximately 227kbytes, based on ASN.1 encoding rules. If we also include the limits on frequency bands, then the maximum size is approximately 149 kbytes. The number of bands used is: 30 for E-UTRA/FDD, 12 for E-UTRA/TDD, 26 for UTRAN/FDD, 8 for UTRAN/TDD, 11 for GERAN, 21 for cdma2000 (HRPD and 1xRTT)
Both maximum values are huge, but practical sizes are probably much smaller. It is difficult to make accurate calculations, since the options are many and market demands on UE models are quickly changing. Below we present one simplified approach to make a rather realistic size estimate.
There are many options, which impact the size of E-UTRA UE radio capabilities. The main factors are:
1. number of E-UTRA bands (fields RF-Parameters, MeasParameters, NonContiguousUL-RA-WithinCC-List-r10, InterFreqBandList) 

2. Number of band combinations (fields RF-Parameters-v1020, RF-Parameters-v1060, MeasParameters-v1020)

Other factors have been assumed, as an approximation, to be constant:
3. SupportedBandListUTRA-FDD. 14 band/RAT-combinations in total for options 3-9.

4. SupportedBandListUTRA-TDD128
5. SupportedBandListUTRA-TDD384

6. SupportedBandListUTRA-TDD768

7. SupportedBandListGERAN
8. SupportedBandListHRPD
9. SupportedBandList1XRTT
10. FDD_EUTRA_r9-GERAN bands = 4

11. TDD_EUTRA_r9-GERAN bands = 4

12. BandCombinationParameters-r10 within each band combination = 2
13. BandParametersUL-r10 = 2

14. BandParametersDL-r10 = 2

15. SupportedBandwidthCombinationSet-r10 = 2

These values are deemed to be rather realistic for high-end rel-11 UEs.

Using the above parameters we get the sizes:
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4 6 8 10 12 14 16 18 20

2 133 145 158 172 187 203 220 238 257

4 162 174 188 202 218 234 252 270 290

6 190 203 217 232 248 265 283 302 322

8 233 247 263 279 297 315 335 355

E-UTRA 10 262 277 293 310 328 347 367 388

band 12 291 307 323 341 359 379 399 421

combinations 14 320 336 353 371 390 410 431 453

16 350 366 384 402 422 442 464 486

18 379 396 414 433 453 474 496 519

20 408 426 444 464 484 506 528 552

22 455 474 494 515 537 560 584

24 485 505 525 547 569 593 617

26 515 535 556 578 601 625 650


The pink-marked combinations exceed the current rel-11 GERAN limits (251 octets).

The red-marked combinations exceed the current rel-11 MME storage limit (510 octets), if only E-UTRAN capabilities are uploaded. If GERAN capabilities are also uploaded the limit for E-UTRA capabilities will be lower.
3 Expected UE products

One rather realistic high-end UE targeting large parts of the world market could have the following characteristics:
1. Number of bands = 10 (bands 1, 2, 3, 4, 7, 13, 17, 19, 29, 41)

2. Number of band combinations = 9 (2+13, 4+13, 2+17, 4+17, 2+29, 4+29, 3+7, 1+19, 41+41)
However, requirements change fast and new RF capabilities may be added to UEs having rel-11 functionality. Hence even more complex rel-11 UEs can be foreseen.

We can conclude that the GERAN signaling limitations become crucial rather soon when rel-11 UEs reach the market. MME limitations will probably not be crucial for some period of time. 
4 Conclusions

Some theoretical and practical estimates of EUTRA UE radio capability size in 3GPP release 11 have been presented.
The estimates indicate that GERAN signaling limitations will be exceeded soon after rel-11 UEs appear on the market. The estimates also indicate that MME storage limitations will probably be exceeded within a few years
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