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Introduction
In the past, there have been several papers in RAN (2) which have indicated that Carrier Aggregation and/or Dual Connectivity can cause the UE capabilities to become very large, potentially exceeding the size that can be transferred within one PDCP SDU (whose maximum size is 8188 bytes).
Examination of protocol stacks used on other interfaces (specifically S1/SCTP/IP, GTP-C-v2/UDP/IP, GTP-C-v1/UDP/IP) indicate that they have the capability for message and information element lengths of up to around 65 kbytes, while other interfaces may have lower limits (specifically Iu/RANAP at around 4092 octets and MAP’s AN-APDU at 2560 octets).
Some current Carrier Aggregation capable, but LTE only, UEs already have UE Radio Access Capabilities of 2.5 kbytes. 
Ongoing rapid expansion (or, “explosion”) of the size of the UE capabilities can be expected as:

- the number of LTE frequency bands supported increases
- NR band support is added
- the number of downlink channel CA combinations continues to increase
- the number of uplink channel CA combinations continues to increase
- dual connectivity support is introduced
- EN-DC UEs appear (TS 36.331 RAT-type = eutra-nr)
- UEs supporting ‘standalone’ option 2 AND N26 handover to EPS appear (TS 36.331 RAT-type= nr)
- etc
While protocols may be able handle, or be able to be extended to handle, these very large UE capabilities, it seems to be an inefficient approach as many UEs will have capabilities identical to many other UEs.
NOTE: 	S2-183694, S2-183695 and S2-183716 provide CRs to fix immediate problems but do not attempt to address the long term issues.
Several recent RAN (2) papers have tried to provide a solution using a so called “model ID” in order to reduce the amount of capability information needed to be sent over the network. This paper attempts to analyse a somewhat similar solution to the problem.
Solutions for both NR and LTE, and, for both 5GC and EPC are required. While this paper focuses on EPC, the concepts are intended to be transferable to 5GC.
[bookmark: _Ref462411760]Alternative procedure
Signalling very large information elements between CN/RAN network elements that require IP packet fragmentation/reassembly is not an ideal solution. Hence it is useful to consider more radical alternatives.
The outline of this solution is as follows:
a) The eNB/gNB builds a database (a “cache” rather than “permanent memory”) of “masked-IMEI+SV+configuration-ID” to UE capabilities. No need is foreseen for any such storage in the UTRAN or in GERAN.
b) For a particular IMEI- SV, the “configuration ID” identifies different configurations, e.g. the difference between operating system level 8.0.1 and 8.0.2; whether or not 2G is enabled/disabled; etc.
c) The MME stores the IMEI-SV and sends the anonymised (“masked”) version of it to the RAN in the S1-AP Initial Context Request.
d) The “configuration-ID” is signalled from the UE to the RAN in the RRC connection establishment signaling (e.g. as part of RRC establishment “message 5”)
e) When the eNB/gNB is serving a UE for which it does not have a UE capability corresponding to the IMEI+SV+configuration-ID, the eNB/gNB retrieves the capability from the UE and stores it in the eNB/gNB’s “cache”. 
f) In the S1 and X2 intra-RAT handover signalling messages, the masked-IMEI+SV+configuration-ID is sent to the target node. 
g) For inter-RAT handover to 2G/3G, the UE’s 2G/3G UE radio capabilities are also included.
h) For handover to (or from) 5GC/NG-RAN, only the masked-IMEI+SV+configuration-ID is sent to the target node.
i) At handover, if the target eNB/gNB does not have a UE capability corresponding to the IMEI+SV+configuration-ID, the target eNB/gNB either requests a sub-set of the UE capabilities from the source eNB/gNB, or, constructs a Handover Command containing a “basic channel setup” on the target cell and subsequently retrieves the capabilities from the UE.
j) S1-Setup signalling allows eNBs and MMEs to exchange information on their (non-)support for this new functionality. During a transition phase, and for pre-release 15 UEs, the legacy release 8 concept is run in parallel (using the above mentioned CRs to minimise issues).
Some of the rationale behind this concept is as follows:
1) In LTE it is already mandatory to get the IMEISV from the UE to the MME. 
2) Masked IMEISV is already carried in the relevant S1AP and X2AP signaling messages.
3) NGCore/NG-RAN is expected to adopt similar concepts to 1 and 2, above.
4) It is very desirable to avoid the addition of new network databases (and their related O&M interfaces) for storing the UE capabilities.
5) While change of UE capabilities is not that common at the moment, it may become more pre-valent and the sending the “configuration ID” at RRC connection establishment is more elegant than the legacy approach of Detach/Attach.

Summary:
It is proposed that:
1. SA2 discuss this approach along with other approaches;
2. The larger number of frequency bands currently supported by LTE devices compared to NR makes this an urgent topic for EPC; 5GC Option 5/7; and “N26 handover supporting 5GC Option 2” systems.
3. [bookmark: _GoBack]A 3GPP-wide plan is developed to provide Release 15 solutions that are time aligned with RAN’s “late Release 15 drop” for Options 4/7.
	2/2	
