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1
Introduction

During RAN2#91 and RAN2#91bis meetings, a few proponents brought contributions pointing out that if an LTE capable UE supports a noticeable number of LTE frequency bands with different 2DL and 3DL carrier aggregation capabilities, then the LTE capability container can be of a large size. As a result, when such a UE camps to the UMTS network, its RRC connection establishment process could be in order of seconds (and even more) causing performance degradation and under certain conditions even expiry of RNC timers.

During the RAN2#91bis meeting, companies discussed about possible solutions, both existing and ones that could be introduced, but no concrete conclusion was reached. In particular, one of the action points was to check a mechanism that allows the UMTS network to indicate a set of LTE frequency bands, only for which LTE capabilities should be reported. 

In this discussion paper we present a coarse overview of potential solutions with advantages and drawbacks. In addition,  we ask RAN2 to consider clarifying an existing mechanism that allows the network to limit the LTE capability container size. 

2
LTE capability container size

As discussed a few times in RAN2 WG and also pointed out in [1], there are UEs that support more and more LTE frequency bands with 2DL and 3DL carrier aggregation capabilities. Due to the nature of LTE capabilities, if a UE supports 2DL (and 3DL) combinations in all the bands, it has to list all possible combinations which results in a large capability container. There are cases when this container size is as large as 1K, and it is highly anticipated that it will be even larger.

While sending 1K of data is not an issue for the LTE network, it poses some challenges when the UMTS network and/or a UE that can use SRBs only over legacy R99 channels (see section 3.1 below for more information on SRBs over high-speed channels). As also exemplified in [1], if SRBs are mapped to legacy R99 channels, then their rate is just 3.4kbps with one of the most typical configurations. In turn, it means that a UE would need at least 2 seconds to transmit the RRC CONNECTION SETUP COMPLETE message containing both UMTS and LTE capabilities. The overall RRC  connection and RAB setup procedures will be even longer. 

3
Solutions to reduce the LTE capability size

3.1
Overview of solutions

As discussed during the RAN2#91bis meeting, there are several solutions/mechanisms that the UMTS network can in principle rely upon to avoid a problem with a large LTE capability container. 
1. High-speed channels for SRBs. This solution or approach assumes that SRBs are mapped to the so-called high-speed channels that do not have a low bit rate limitation. It is however should be mentioned that there are quite many cases, in which a UE is kept in the CELL_FACH state during the RRC connection establishment process, whereupon availability of high-speed channels for SRBs depend on the corresponding UE and network capabilities. Since not all the UEs support enhanced DL/UL for CELL_FACH, and since it is not activated in all the networks, this solution might be simply not available.
2. Complete omission of LTE capabilities. This solution relies upon the mandatory UE behaviour according to which a UE will not send LTE capabilities at all if the UMTS network instructs so in the beginning of the RRC connection establishment process. This approach has a problem that without LTE capabilities it is not possible to initiate the handover procedure from UMTS to LTE, as the latter requires them to construct the reconfiguration message. As discussed during the RAN2#91bis meeting, only redirection to LTE would remain feasible. It is also worth noting that there was a proposal to allow for the handover procedure without having LTE capabilities [1], but there were concerns whether the LTE network would be able construct the corresponding reconfiguration message.
3. Partial omission of LTE capabilities. This solution was recently adopted to the UMTS system (refer to [2] for the corresponding Rel-10 TS 25.331 CR). Unlike the complete omission of LTE capabilities, it allows the UMTS network to indicate a set of LTE bands, for which LTE capabilities should be included. It was thought of as a compromised approach between the complete omission of capabilities and reduction of LTE capability container size: the container will not occupy much space, and at the same time the handover procedure can be performed as per legacy functionality because the LTE eNode B will have UE capabilities.

Referring to solution 3 with partial omission of LTE capabilities, it turned out recently that the way it was captured in the procedural text in TS 25.331 is not what the original intention was, and thus it may require  some further clarifications. 

3.2
Partial omission of LTE capabilities

Referring to the UMTS TS 25.331 specification, sub-clause 8.6.3.12, the procedural text relies upon the LTE requestedFrequencyBands feature and asks the UE to build the container as if it were set to the value received from the UMTS network. 

------------------------------------- excerpt from TS 25.331, sub-clause 8.6.3.12 (BEGIN) --------------------------------
5>
if the IE "Requested E-UTRA Frequency Band list" is present and supported by the UE:

6>
act as if requestedFrequencyBands in [67] is set as "Requested E-UTRA Frequency Band list" in order to create the UE-EUTRA-Capability Information element;

6>
include the capabilities in IE "UE system specific capability" in the variable UE_CAPABILITY_REQUESTED.
------------------------------------- excerpt from TS 25.331, sub-clause 8.6.3.12 (END) --------------------------------
When this mechanism was introduced to UMTS, it was believed that requestedFrequencyBands is a filter i.e. only listed bands will be accounted for while constructing the LTE capability container. As it turned out, requestedFrequencyBands works as a prioritization mechanism i.e. listed bands are included first, but if the space allows then more combinations are added. As a result, if the UMTS network signals only a set of bands, it still does not reduce size of the LTE capability container.

In response to the aforementioned problem, one could consider a clarification to the UMTS specification, according to which a UE will not rely upon the LTE requestedFrequencyBands feature, but rather will follow an explicit procedural rule instructing a UE to build the LTE capability container as if a UE supported only those bands that were signalled by the UMTS network. The pseudo CR with the corresponding changes can be found in Appendix A. 
Proposal: We ask RAN2 to clarify procedural description of the mechanism that allows to limit number of E-UTRA frequency bands to be included into the E-UTRA capability container sent over UTRAN. 
4
Conclusion

In this discussion paper we have presented a small overview of existing mechanisms that the UMTS network can in principle rely upon to reduce size of the LTE capability container. As usually, some mechanisms have certain drawbacks, especially an approach with complete omission of LTE capabilities. 

There is a solution that allows UMTS network to signal only a limited set of LTE bands so that a UE will build the LTE capability container as if it supported only those bands. Our view is that this is a good trade-off amongst other solutions that either fully omit LTE capabilities or make an assumption on availability of high-speed channels for SRB data. However, as described in the discussion paper, there is a logical inconsistency in the procedural text, which ideally should be clarified to avoid any ambiguity in how a UE constructs the LTE capability container sent to the UMTS network.
Proposal: We ask RAN2 to clarify procedural description of the mechanism that allows to limit number of E-UTRA frequency bands to be included into the E-UTRA capability container sent over UTRAN.
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Annex A: Pseudo CR for TS 25.331
8.6.3.12
Capability Update Requirement

If the IE "Capability Update Requirement" is included the UE shall:
1>
if the IE "UE radio access FDD capability update requirement" has the value TRUE:

2>
if the UE supports FDD mode:

3>
store its UTRA FDD capabilities and its UTRA capabilities common to FDD and TDD in the IE "UE radio access capability" and the IE "UE radio access capability extension" in variable UE_CAPABILITY_REQUESTED as specified below:
4>
if the UE supports any radio access capability included in IE "UE radio access capability extension" that is not included in IE "UE radio access capability":
NOTE:
This is valid e.g. for UE that supports multiple UTRA FDD Bands, UE that supports a single UTRA FDD Band different from Band I [21] or UE that supports E-UTRA.

5>
store the IE "UE radio access capability", excluding IEs "RF capability FDD" and "Measurement capability";
5>
store the IE "UE radio access capability extension", including the IEs "RF capability FDD extension", the "Measurement capability extension", the "Additional Secondary Cells"  and the "Non-contiguous multi-cell" associated with each supported UTRA FDD frequency band indicated in the IE "Frequency band".

4>
else:

5>
store the IE "UE radio access capability", including the IEs "RF capability FDD" and "Measurement capability" associated with the Band I [21]. 
1>
if the IE "UE radio access 3.84 Mcps TDD capability update requirement" has the value TRUE:

2>
if the UE supports 3.84 Mcps TDD mode:

3>
store its UTRAN-specific 3.84 Mcps TDD capabilities and its UTRAN–specific capabilities common to FDD and TDD in the variable UE_CAPABILITY_REQUESTED.

1>
if the IE "UE radio access 7.68 Mcps TDD capability update requirement" has the value TRUE:

2>
if the UE supports 7.68 Mcps TDD mode:

3>
store its UTRAN-specific 7.68 Mcps TDD capabilities and its UTRAN–specific capabilities common to FDD and TDD in the variable UE_CAPABILITY_REQUESTED.

1>
if the IE "UE radio access 1.28 Mcps TDD capability update requirement" has the value TRUE:

2>
if the UE supports 1.28 Mcps TDD mode:

3>
store its UTRAN-specific 1.28 Mcps TDD capabilities and its UTRAN–specific capabilities common to FDD and TDD in the variable UE_CAPABILITY_REQUESTED;
3>
if the UE supports E-UTRA:

4>
store the IE "UE radio access capability", including "Measurement capability TDD" associated with each supported E-UTRA band.

1>
if the IE "System specific capability update requirement list" is present:

2>
for each of the RAT requested in the IE "UE system specific capability":

3>
if the UE supports the listed RAT:

4>
include its inter-RAT radio access capabilities for the listed RAT in the IE "UE system specific capability" from the variable UE_CAPABILITY_REQUESTED;
4>
if the listed RAT is GSM and PS Handover to GPRS is supported:

5>
include the IE ''MS Radio Access Capability'' in the variable UE_CAPABILITY_REQUESTED.

4>
if the listed RAT is E-UTRA:

5>
if the IE "Requested E-UTRA Frequency Band list" is present and supported by the UE:

6>
act as if a UE supports only E-UTRA frequency bands in "Requested E-UTRA Frequency Band list" in order to create the UE-EUTRA-Capability Information element;

6>
include the capabilities in IE "UE system specific capability" in the variable UE_CAPABILITY_REQUESTED.
If the IE "Capability update requirement" is not present, the UE shall:
1>
assume the default values as specified in subclause 10.3.3.2 and act in accordance with the above.

