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1	Introduction
RAN2 currently tries to reduce the size of the NR UE capability band combination signalling structure compared to what we had in LTE. Nevertheless, despite those improvements, we foresee that it will anyway be of considerable size and there will be a considerable number of UEs to be handled by an gNB and by an AMF. 
[bookmark: _GoBack]In this contribution we propose to associate the UE capability information structure with a "UE capability ID" or “model identifier”. Depending on the chosen solution, such an ID allows to reduce the signalling between UE and gNB as well as between gNB and AMF; it may reduce the memory consumption for storing UE capabilities in AMF and gNB; and in the gNB it would significantly reduce the amount of processing time spent on parsing and analysing the UE capability octet strings upon UEs' connection establishment.
[bookmark: _Ref462411760]2	Discussion
2.1	Background
In E-UTRA the eNB obtains the UE capabilities for a connecting UE from the MME. If the MME has not stored the capabilities for the UE (e.g. upon ATTACH), the eNB fetches them from the UE. While this reduces the signalling over the radio interface during (most/many) connection establishments, it anyway requires a lot of storage, transmission and processing in the RAN and the CN. 
Even though all UEs of the same model and with the same software version support the same set of capabilities, E-UTRAN and EPC handle the UE capabilities as if they were UE specific. And since the RAN is not required/supposed to maintain any information about individual IDLE UEs, it must re-acquire and process the UE capabilities every time a UE connects. 
[bookmark: _Toc477723104][bookmark: _Toc477723120][bookmark: _Toc477723459][bookmark: _Toc477723726][bookmark: _Toc478126897][bookmark: _Toc481491270][bookmark: _Toc498620517][bookmark: _Toc503469069][bookmark: _Toc506471229][bookmark: _Toc506498528][bookmark: _Toc512869232][bookmark: _Toc512871068][bookmark: _Toc513722291][bookmark: _Toc513722675][bookmark: _Toc513753272][bookmark: _Toc513753698][bookmark: _Toc513754107][bookmark: _Toc513754312][bookmark: _Toc513754331]All UEs of the same model and with the same software version support the same set of capabilities.
We observed that in typical LTE networks only about 15 to 20 different UE models (same IMEI-SV) account for 50% of the UE population. 
[bookmark: _Toc478126898][bookmark: _Toc481491271][bookmark: _Toc498620518][bookmark: _Toc503469070][bookmark: _Toc506471230][bookmark: _Toc506498529][bookmark: _Toc512869233][bookmark: _Toc512871069][bookmark: _Toc513722292][bookmark: _Toc513722676][bookmark: _Toc513753273][bookmark: _Toc513753699][bookmark: _Toc513754108][bookmark: _Toc513754313][bookmark: _Toc513754332]In typical LTE networks only about 15 to 20 different UE models account for 50% of the UE population.
We therefore suggest that the RAN (and possibly the CN) can identify UEs that support the same set of UE capabilities. This enables RAN (and possibly the CN) to store just one set of capabilities for each “UE model” rather than one per individual device. The “UE model” (hard- and software version) could be indicated as an ID such as (or similar to) what is included in IMEI-SV. 
2.2	Solutuion variants
In the following we depict the scenarios that may occur, the signalling that occurs in those and the situations in which a capability ID helps. 
2.2.1	Initial Attach (UE capabilities not known to AMF)
Upon initial attach the AMF does not yet know the UE capabilities and will hence not provide them in the "Initial Context Setup" message (see "Annex A: EUTRA's initial context setup procedure" for reference). If NR follows the LTE baseline, the gNB has to acquire the required UE capabilities from the UE in this case (see Annex B: EUTRA's initial UE capability handling). 
Besides the requested UE capabilities, the UE should provide the UE-ModelId to the gNB. If the gNB knows the UE Capability Information associated with that UE-ModelId (from the same UE or from another UE with the same ID) it may use those and ignore the UE Capability Information (UE-NR-Capability) received from the UE. In order to separate the UE-ModelId from the actual UE capability container, they could be stored in two separate containers.
If the gNB does not have a stored version of the UE Capablity Information associated with this UE-ModelId, it processes those UE capabilities and uses them to reconfigure the UE as today in LTE. Furthermore, it may store the processed UE capabilities together with the UE-ModelID for later use with the same or a different UE. 
Also like in LTE, the gNB should forward the received UE capabilities to the AMF. Besides the actual UE Capability Information it forwards also the UE-ModelID, which may, as mentioned above, be carried in a separate container. The AMF should at least store the UE-ModelId in association with this UE so that it can provide the UE capabilities to the gNB upon a subsequent connection establishment of the same UE. If the AMF had not stored the UE Capability Information for this UE-ModelId, it should of course also store those. This is depicted in Figure 1.


Figure 1: AMF does not provide UE capabilities to gNB (e.g. initial ATTACH);
gNB requesting UE capabilities and Model ID at once.

To reduce the UE capability signalling over the Uu interface, the gNB could alternatively request only the UE's UE-ModelId from the UE when the AMF does not provide the UE's capabilities in the initial context setup request. Figure 2 shows the corresponding signalling chart. 
If the gNB has already stored the UE capabilities associated with that UE-ModelId, it may just provide the combination of the two to the AMF as in the previous figure. 
If the gNB does not know the corresponding UE capabilities, it has two options: Either it requests the missing UE capabilities from the UE using the traditional capability enquiry mechanism. It then processes the received capabilities and provides again both, the capabilities and the UE-ModelId to the AMF. 
Alternatively, the gNB could request the UE capabilities corresponding to the UE-ModelId from the AMF. If the AMF has a stored version of those capabilities (from the same UE or another UE of the same model), it will return those to the gNB. If not, the gNB has to request the full capabilities from the UE anyway. We think that this sub-option requires a new procedure towards the CN which SA2 would like to avoid in Rel-15. Furthermore, (as highlighted in [1]) it bears a risk that a rogue UE could provide its capabilities with a wrong UE-modelID which actually belongs to some other UE model. If the gNB requests the UE capabilities from the AMF using the UE-ModelId obtained from the UE, the subsequent reconfiguration is likely to fail. However, the network will notice this, and can fetch the full capabilities from the UE. 



Figure 2: AMF does not provide UE capabilities to gNB (e.g. initial ATTACH);
gNB requesting Model ID initially and (complete) UE capabilities
only if neither gNB nor AMF have the UE capabilities.
2.2.2	Connection Establishment (UE capabilities known to AMF)
If the UE was already attached, it provides its ID to the CN in the initial NAS Service Request. Based on this information the AMF looks up the UE Capabilty Information and provides it to the gNB. In addition to the full UE capability information, it should also provide the UE-ModelId. 
If the gNB has already a pre-processed version of the UE capability information for the received UE-ModelId, it may use that stored version and ignore the actually received UE capability information. 
Only if the gNB does not have a pre-processed version of those UE capabilities, it processes the received octet string as done today in LTE. In this case, it may store the processed UE capabilities and store them for later use with the same or with a different UE of the same model. 
Processing the continuously increasing UE capability octet strings is a significant effort in the RAN. Therefore, we consider it a clear benefit if the gNB can store and use the readily processed UE capabilities.
[bookmark: _Toc513753700][bookmark: _Toc513754109][bookmark: _Toc513754314][bookmark: _Toc513754333]Conveying the UE-ModelId and the corresponding full UE-capabilties from the AMF to the gNB upon connection establishment does not reduce the signalling overhead on the CN-RAN interface but it reduces significantly the processing load and memory consumption in the gNB.


Figure: AMF provides UE capabilities and capability IDs to gNB
2.3	Preferred solution direction
Based on the sequence charts in section 2.2 and taking into account that initial attach appears hundres or thousands times more frequently than regular connection establishment, we suggest to focus on solutions for the latter.
[bookmark: _Toc513753274][bookmark: _Toc513753701][bookmark: _Toc513754110][bookmark: _Toc513754315][bookmark: _Toc513754334]RRC connection establishment appears significantly more often than an initial ATTACH. Hence, RAN2 should focus on scenarios where the AMF is already aware of the UE's capabilities.
To achieve what was outlined in section 2.2.2 (Figure 2), it is sufficient to introduce a UE-ModelId that unambiguously identifies a set of UE capabilities supported by a “UE model” and to convey this UE-ModelId separately from but together with the actual UE capabilities from the AMF to the gNB. Carrying this UE-ModelId in a separate capability container (like for capabilities of different RATs) requires only minor changes and it would allow the gNB to fetch only the ID from the UE if desired.
[bookmark: _Toc513753275][bookmark: _Toc513753702][bookmark: _Toc513754111][bookmark: _Toc513754316][bookmark: _Toc513754335]Carrying the UE-ModelId in a separate capability container minimizes the changes required in the AMF and it allows the gNB to request only the UE-ModelId from the UE.
3	Conclusion
In section 2 we made the following observations:
Observation 1	All UEs of the same model and with the same software version support the same set of capabilities.
Observation 2	In typical LTE networks only about 15 to 20 different UE models account for 50% of the UE population.
Observation 3	Conveying the UE-ModelId and the corresponding full UE-capabilties from the AMF to the gNB upon connection establishment does not reduce the signalling overhead on the CN-RAN interface but it reduces significantly the processing load and memory consumption in the gNB.
Observation 4	RRC connection establishment appears significantly more often than an initial ATTACH. Hence, RAN2 should focus on scenarios where the AMF is already aware of the UE's capabilities.
Observation 5	Carrying the UE-ModelId in a separate capability container minimizes the changes required in the AMF and it allows the gNB to request only the UE-ModelId from the UE.

This brings us to the following proposals:
[bookmark: _Toc513753703]Introduce a UE-ModelId that unambiguously identifies a set of UE capabilities supported by a “UE model”. 
[bookmark: _Toc513753704]Introduce a new NR capability container which contains only the new UE capability ID.
[bookmark: _Toc513753705]Upon connection establishment the AMF sends both, the UE-NR-Capabilty Container and the UE-NR-Capabilities container to the gNB (so that the gNB does not need to parse, process and store the full capability octet string if it has already a stored and processed version of the capabilities for this UE).
If the AMF does not provide the UE capabilities to the gNB during connection establishment (e.g. ATTACH), the gNB may either request both from the UE or it may initially only request the UE-ModelId. 
Consider for Rel-16 that the AMF provides only the UE-ModelId upon connection establishment. It provides the full UE capabilities only upon request from the gNB to reduce the amount of signalling over the AMF-gNB interface.
References
[1]	R2-1805687, "UE capability ID based capability transfer", Intel Corporation, Athens, Greece, 26th Feb – 2nd March, 2018
Annex
[bookmark: _Ref512866385]Annex A: EUTRA's initial context setup procedure


[bookmark: _Ref156032294]Figure 19.2.2.3-1: Initial Context Setup procedure (highlighted in blue) in Idle-to-Active procedure
[bookmark: _Ref512869591]Annex B: EUTRA's initial UE capability handling


Figure 18-1: Initial UE Capability Handling
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image4.emf
UE eNB

MM

E

S1-AP: INITIAL CONTEXT SETUP COMPLETE

+ eNB UE signalling connection ID

+ Bearer Setup Confirm (eNB TEID)

S1-AP: INITIAL UE MESSAGE 

+ NAS: Service Request

+ eNB UE  signalling connection ID

+ L-GW IP address in case of LIPA 

support 

S1-AP: INITIAL CONTEXT SETUP REQUEST

+ (NAS message)

+ MME UE signalling connection ID

+ Security Context

+ UE Capability Information (FFS)

+ Bearer Setup (Serving SAE-GW TEID, QoS 

profile,Correlation id)

RRC: Radio Bearer Setup

(NAS Message)

RRC: Radio Bearer Setup Complete

Random Access Procedure

NAS: Service Request

Paging

Paging
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UE eNB

MME

S1-AP: INITIAL CONTEXT SETUP RESPONSE

S1-AP: INITIAL CONTEXT SETUP REQUEST

<23.401: UE Security Capabilities 

+ 36.331: UE Radio Capability: 

UERadioAccessCapabilityInformation>

RRC: UECapabilityEnquiry

<36.331: RAT-Type>

RRC: UECapabilityInformation

<36.331: RAT-Type + UE-CapabilityRAT-

Container>

eNB decides if more capabilities are needed, e.g. based on

-which other RATs the UE supports

-if such neighbour cells are present

S1-AP: UE CAPABILITY INFO INDICATION

<36.331: UE Radio Capability: 

UERadioAccessCapabilityInformation>

eNB keeps capabilities during RRC CONNECTED state and builds 

one UERadioAccessCapabilityInformation message consisting of all 

known capabilities excluding the UTRAN capability

MME keeps capabilities until 

DETACH or ATTACH (see 23.401, 

5.11.2)
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