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1.
Introduction
In the incoming LS from CT4 in [1] RAN2 is informed that CT4 is willing to specify the maximum size of the UE Radio Capability information in TS 23.008 [2]. Furthermore, RAN2 was requested the following action by CT4:

CT4 kindly requests RAN2 to provide guidance on what should be the resulting maximum size of that information that an MME should be capable to store and to transfer between MMEs as part of the transparent container.

In this contribution we discuss various aspects to consider for the response to CT4, especially taking into account the problems we observed in laboratory and field testing with a Rel-10 UE. 
2.
Discussion
2.1
Problems with Rel-10 UE radio capability information size
We are currently testing a Rel-10 UE implementation in laboratory and field in diverse networks in different regions based on following settings:

· Triple mode UE supporting LTE FDD and CA, UMTS FDD (+TD-SCDMA if available), GERAN CS/PS.
· The eNB requests UE radio capability information for all supported RATs per UECapabilityEnquiry message in following order: “eutra”, “utra”, “geran-cs” and “geran-ps”.
· Total size of UE radio capability information that is sent in UECapabilityInformation message exceeds 510 octets.
We observed in the laboratory and field tests the following network implementations with regard to UE radio capability information size:
1. The eNB and the MME accept UE radio capability information that exceeds the current MME storage limit of 510 bytes as specified in TS 23.401 [3]. 
For these network implementations we do not know how many octets are actually stored by the MME, but we haven’t observed yet any problems for the procedures under test, e.g. for the E-UTRAN Initial Attach and MO CSFB procedures.

2. The eNB discards the whole UE radio capability information if its size exceeds a certain limit below 510 octets, e.g. 400 octets.
This was observed, e.g. for the E-UTRAN Initial Attach procedure leading to Attach failure so that the UE was not able to register to the network. In Figure 1 below a simplified E-UTRAN Initial Attach procedure is shown where RRC connection establishment, security activation and other procedures have been skipped. Due to the fact that actually in the traces we can observe only the messages that are exchanged over the radio interface we suppose that the Initial Context Setup Request message in step 3 did not contain any UE radio capability information in accordance with the standard, so that the eNodeB retrieved the information from the UE by sending the UECapabilityEnquiry message in step 4. However, as UE radio capability information exceeded a certain limit (below 510 bytes) we suppose the eNB discarded the received information and thus sent to UE an RRCConnectionRelease message in step 7b instead of the RRCConnectionReconfiguration message containing the Attach Accept from the MME.
3. The eNB and the MME accept UE radio capability information up to certain limit below 510 octets, e.g. 300 octets and discard the rest.
This was observed, e.g. for the MO CSFB procedure leading to CSFB failure. According to the simplified MO CSFB procedure as shown in Figure 2 below we suppose that the MME sends to the eNB the Initial Context Setup Request message in step 3 containing CSFB indicator and UE radio capability information, however only up to the stored value of 300 octets. Due to this the inter-RAT related capability information that is needed for CSFB is missing, so that the eNB tried to retrieve the missing information from the UE by sending the UECapabilityEnquiry message in step 4. However, again the eNB accepted only 300 octets of the UE radio capability information received in step 5 and discarded the rest (incl. the inter-RAT related capability information). As consequence, the eNB was not able to send inter-RAT handover related information to the UE as per step 6a, instead it sent non-inter-RAT handover related information as per step 6b. The CSFB procedure failed then in the end due to timer expiry.
Observation: There are different network implementations with regard to the handling of UE radio capability information.
The testing problems we observed for the network implementations 2) and 3) could be fixed by the UE reducing the number of supported E-UTRA bands and respective CA band combinations, so that the total size of the UE radio capability information is reduced to the limit that was specifically implemented in the respective networks. However, we consider the fix can be made only as an interim solution to pass IOT and not as the final solution to apply when the size of UE radio capability information exceeds the storage limit of the network. The main reasons are that such a solution adds complexity in terms of implementation in UE, e.g. to determine which bands to include or omit, and limits the capability and operation of high-end UEs. Therefore, we are proposing the following:
Proposal 1: RAN2 is asked to discuss solutions when the size of UE radio capability information exceeds the storage limit of the network.

Candidate solutions to consider include:

a) As minimum the eNB and MME should be capable of accepting and storing UE radio capability information up to 510 octets, as has been specified for the MME in TS 23.401 since Rel-8.
b) The eNB and the MME should enlarge their storage capability, e.g. by a factor 2 or 4.
c) The eNB should select “useful” UE radio capability information before storing it and forwarding it to the MME, if the information exceeds the current storage limit of 510 octets. This solution requires the eNB to interpret and re-format the content of the UE radio capability information. However, it may be difficult for the eNB to judge what the "useful" capabilities are, so there is a risk that this may limit the capability and operation of high-end UEs. Furthermore, if the attach procedure is performed via an older eNB that does not understand the ASN.1 related to more recent LTE functionlity, it is impossible for the eNB to manipulate any of the later information.

d) On AS/NAS level the eNB/MME may send indications to UE how many octets it can store for UE radio capability information so UE can scale down the size of E-UTRA radio capability information accordingly. This can help to avoid that information is sent unnecessarily, but similar to c) it may be difficult for the UE to decide which information is "useful".
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Figure 1: Simplified E-UTRAN Initial Attach procedure
(black: message flow in accordance with the standard in case of a successful procedure; 
red: observed in lab and field tests)
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Figure 2: Simplified MO CSFB procedure

(black: message flow in accordance with the standard in case of a successful procedure; 
red: observed in lab and field tests)
2.2
Consideration to the maximum size of UE radio capability information
Since Rel-8 the MME storage requirement with regard to the UE radio capability information is specified in TS 23.401 [3], section 5.11.2:
To allow for the addition of future radio technologies, frequency bands, and other enhancements, the MME shall store the UE Radio Capability Information even if it is larger than specified in TS 36.331 [37], up to a maximum size of 510 octets.

NOTE 4:
The 510 octet value comes from the information element encoding rules described in TS 24.007 [45] and the assumption that the information contained within this UE Radio Capability Information Element stored by the MME is the equivalent of information signalled in two information elements in the GERAN NAS signalling for the case of GERAN to E‑UTRAN PS handover.

However, referring to the discussion in section 2.1 above, we can state that the above mandatory requirement is not supported by all networks or in some cases an additional limitation is introduced by the eNB implementation, so that UE operation in a network depends on the storage capacity in the respective network. 
Furthermore, in the context of Rel-11 rSRVCC from GERAN to E-UTRAN the issue on UE E-UTRA radio capabilitiy information was discussed at length since from Rel-10 onwards the size of UE-EUTRA-Capability IE as specified in TS 36.331 [4] can easily exceed 510 octets due to the support of CA and the increasing number of E-UTRA frequency bands. As result, it was RAN2‘s view that the network should be able to cope with any size of the UE radio capability information subject to UE implementation and the LS to CT4 in [5] was sent with the response to a previous CT4 LS that RAN2 did not consider it possible to provide a recommendation on the maximum size for the MME store:
Question: 
CT4 asks RAN2 group to provide recommendations on the maximum size an MME should store and to consider possibly including such recommendation in one of their specification.

RAN2 response: The maximum size of the E-UTRAN capabilities continuously grows with the introduction of new features, frequency bands and band combinations (for carrier aggregation).  Hence RAN2 did not consider it possible to provide such a recommendation on the maximum size for the MME store.

From our side we still agree on the RAN2 response sent to CT4 at that time because we don’t want to limit the capability and operation of high-end UEs due to storage limitations in the network with regard to UE radio capability information. However, we recognize the fact that for networks it may be difficult in terms of costs and other factors to increase the maximum size of the UE radio capability information to an „infinite“ value. Therefore, in order to avoid the risks to face the issues we observed currently in Rel-10 IOT we think that as a good compromise it might be beneficial to discuss and agree on a new maximum value of UE radio capability information that the MME should be capable to store and that is “future-proof” with regard to the next releases based on set of candidate features which are likely required to be supported, e.g. support of CA with 3 and 4 DL band combinations along with 2 UL band. According to first analysis we made we came to a value of up to 2K octets assuming the support of the Rel-11 feature “NW requested CA band combination signaling” where UE E-UTRA capability signaling for up to 15-16  E-UTRA frequency bands are requested. 
Proposal 2: RAN2 is asked to discuss and agree on a new maximum value of UE radio capability information that the MME should be capable to store and that is “future-proof” with regard to the next releases based on set of candidate features which are likely required to be supported.
In addition, we think that the solutions such as the ones addressed in section 2.1 above should be also discussed which can be used in combination with the new maximum value in order to solve the case where the size of E-UTRA radio capability information may even exceed the new maximum value. However, as the discussion to the new maximum value and the solutions that can be considered in conjunction with the new maximum value might take some time, we are proposing to send a first reply LS to inform CT4 on the problems that were discussed in RAN2 with regard to the UE radio capability information size and that RAN2 intends to solve these problems.
Proposal 3: RAN2 is asked to send a first reply LS to inform CT4 on the problems that were discussed in RAN2 with regard to the UE radio capability information size and that RAN2 intends to solve these problems.
A draft reply LS can be found in [6].
3.
Summary
In this contribution we discussed various aspects to consider for the response to the incoming CT4 LS [1], especially taking into account the problems we observed in laboratory and field testing with a Rel-10 UE.
In laboratory and field tests the following observation was made:
Observation: There are different network implementations with regard to the handling of UE radio capability information.
To solve the testing problems we observed and to provide a recommendation of the maximum size of the UE radio capability information as requested by CT4 the following proposals were made:

Proposal 1: RAN2 is asked to discuss solutions when the size of UE radio capability information exceeds the storage limit of the network.

Proposal 2: RAN2 is asked to discuss and agree on a new maximum value of UE radio capability information that the MME should be capable to store and that is “future-proof” with regard to the next releases based on set of candidate features which are likely required to be supported.
Proposal 3: RAN2 is asked to send a first reply LS to inform CT4 on the problems that were discussed in RAN2 with regard to the UE radio capability information size and that RAN2 intends to solve these problems.
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