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Introduction
RAN2 started to discuss capability signalling for NR. In LTE the ASN.1 encoded capability structure grew significantly in particular since the introduction of carrier aggregation. But also besides the band combinations other features such as CoMP and NAICS may cause a non-negligible amount of capability signalling. 
In this contribution we explain why we anyway consider it vital to base also NR on the principle that the UE provides its capabilities to the network and that the network configures the UE in line with those capabilities. Furthermore, we suggest ways for reducing the amount of capability signalling being exchanged while allowing various UE implementations and full testability.
[bookmark: _Ref462411760]Discussion
RAN2 spends a considerable amount of time and effort to discuss and design capability signaling. Nevertheless, we consider this effort unavoidable for a system that is supposed to …
be interoperable so that every UE functions in every network
support UEs with different feature sets
support networks with different feature sets
enable thorough device testing 

We consider these characteristics as key contributors for the success of 3GPP systems and they should hence also be applicable to NR. To achieve that, RAN2 should reconfirm a few principles that applied to LTE:
[bookmark: _GoBack]In order to achieve full interoperability, RAN2 needs to standardize a comprehensive/complete set of UE capabilities based on which an eNB can unambiguously determine the features supported by a particular UE. 
[bookmark: _Toc462411744][bookmark: _Toc462931586][bookmark: _Toc462931792][bookmark: _Toc463037535][bookmark: _Toc463037623][bookmark: _Toc466030264][bookmark: _Toc466030849][bookmark: _Toc466030861][bookmark: _Toc466030957][bookmark: _Toc466031015][bookmark: _Toc466031083][bookmark: _Toc466033992][bookmark: _Toc466034003]Following the principles of LTE, RAN2 standardizes a comprehensive/complete set of UE capabilities based on which an eNB can unambiguously determine the features supported by a particular UE.
Testability
Testability is a key strength of 3GPP systems. The established practice that UE vendors indicate support for a feature only after having successfully tested it with at least two networks led to stable systems and should be continued in this manner: 
[bookmark: _Toc462411745][bookmark: _Toc462931587][bookmark: _Toc462931793][bookmark: _Toc463037536][bookmark: _Toc463037624][bookmark: _Toc466030265][bookmark: _Toc466030850][bookmark: _Toc466030862][bookmark: _Toc466030958][bookmark: _Toc466031016][bookmark: _Toc466031084][bookmark: _Toc466033993][bookmark: _Toc466034004]In its capability signalling the UE indicates support for features that have been implemented and properly tested.
Configuration in-line with UE Capabilities 
Another key paradigm of LTE is that the network shall configure the UE in-line with the indicated capabilities. If it attempts to apply a configuration for which the UE has not indicated support, the UE may (and likely will) reject the configuration. On the other hand, if an RRCConnectionReconfiguration is compliant with the UE capabilities, the UE shall not reject it. We think that this principle ensures efficient interworking between UE and network and should hence be maintained:
[bookmark: _Toc462411746][bookmark: _Toc462931588][bookmark: _Toc462931794][bookmark: _Toc463037537][bookmark: _Toc463037625][bookmark: _Toc466030266][bookmark: _Toc466030851][bookmark: _Toc466030863][bookmark: _Toc466030959][bookmark: _Toc466031017][bookmark: _Toc466031085][bookmark: _Toc466033994][bookmark: _Toc466034005]The network configures and reconfigures the UE in accordance with the capabilities indicated by the UE. The UE shall not reject a configuration that is within the limits defined by the UE capabilities. 
Dynamic vs. Static UE capabilities
An LTE or UMTS network performs Radio Resource Management (RRM) and configures UEs in a way that maximizes performance (throughput, data rate, latency, energy consumption, …) both from system- and end-user perspective. To do so, the network needs to be aware of the capabilities of each UE. In LTE the UE is not able to change its capabilities (except by transition through DETACH/ATTACH). This principle avoids additional signalling but, much more importantly, it suits the design choice that Radio Resource Management (RRM) is performed by one entity only, i.e., by the network. To perform this task, the network maintains an overall view of the network, of the connected UEs, their radio conditions and their capabilities. If a UE was able to adjust its capabilities (e.g. by indicating or withdrawing support for certain bands), it would turn into a negotiation between network and UE, which would increase Uu signalling load and may counteract RRM actions initiated by the network. 
[bookmark: _Toc462411747][bookmark: _Toc462931589][bookmark: _Toc462931795][bookmark: _Toc463037538][bookmark: _Toc463037626][bookmark: _Toc466030267][bookmark: _Toc466030852][bookmark: _Toc466030864][bookmark: _Toc466030960][bookmark: _Toc466031018][bookmark: _Toc466031086][bookmark: _Toc466033995][bookmark: _Toc466034006]The complete set of UE capabilities shall be static, i.e., the UE must not change its capabilities except during DETACH/ATTACH (this should not preclude enhancements such as e.g. NW-requested capabilities)
Nevertheless, we also understand UE vendors’ dilemma that a UE cannot fulfil its “usual” capabilities in certain situations. Those could be temporary problems such as an overheating CPU, which could to some extent be handled internally in the UE by temporary dropping of performance. But it could also be due to the desire to share a radio front-end or other components with another RAT (e.g. Wi-Fi). While the former would likely be a rare event, the latter could appear often and possibly change quite dynamically. While we are open to discuss and agree on general means to (temporarily) deviate from the UE capabilities, we see a need for restrictions to avoid that it results in unbearable signalling and processing load (frequent reconfigurations), poor RRM performance and poor network KPIs. This could be achieved by prohibiting changes to UE capabilities by means of timers. E.g. the UE could be allowed to down-grade its capabilities to a sub-set of its overall capabilities. A subsequent upgrade could be prohibited by a timer. Such an approach could avoid unwanted interactions with network side RRM and would follow similar principles as the Power Preference Indicator introduced to LTE.
In LTE, the concept of In-Device Coexistence (IDC) has been used to indicate certain limitations and restrictions due to radio problems caused by interference from adjacent carriers (e.g. Wi-Fi  Band 40). But it was later also allowed to be used for indicating problems when LTE-LAA and Wi-Fi were sharing a radio front-end. Instead of such a scheme, RAN2 could also consider merging such functionality into the capability signalling framework (e.g. indicate that temporarily a certain Band or Band Combination may not be used). While this may be useful for a shared RF (Wi-Fi and NR in 5GHz), it seems less appropriate for cases where e.g. only a subset of the carriers in a band are currently unusable (if e.g. only the upper 40 MHz in Band 40 being interfered by a Wi-Fi operating in the adjacent ISM band). 
[bookmark: _Toc462411748][bookmark: _Toc462931590][bookmark: _Toc462931796][bookmark: _Toc463037539][bookmark: _Toc463037627][bookmark: _Toc466030853][bookmark: _Toc466030865][bookmark: _Toc466030961][bookmark: _Toc466031019][bookmark: _Toc466031087][bookmark: _Toc466033996][bookmark: _Toc466034007][bookmark: _Toc466030268]It should be investigated how a UE may indicate (temporary) restrictions of its capabilities (to account e.g. for an overloaded/overheated CPU or constraints due to other active RATs) without harming user- and network performance and stability.
[bookmark: _Toc466030854][bookmark: _Toc466030866][bookmark: _Toc466030962][bookmark: _Toc466031020][bookmark: _Toc466031088][bookmark: _Toc466033997][bookmark: _Toc466034008]As baseline, RAN2 may consider that the UE may indicate (temporary) restrictions of its full set of capabilities. It may revert to a super-set of these restricted capabilities only after expiry of a prohibit timer configured by the network. 
Reducing the size of the UE capability structure
Besides all these benefits of the well-established capability handling in 3GPP technologies, in particular the LTE capability signalling suffers from the ever increasing size of the information elements. This may to some extent be caused by the design of the signalling structure for carrier aggregation. But recent attempts to make the signalling more efficient revealed that it is difficult to achieve that without also compromising on the flexibility and granularity at which UEs can indicate their feature sets. In [1] we proposed for example to separate the UE capabilities from the band combinations as much as possible and to make them (if necessary) dependent on RF and baseband capabilities. This should apply in particular for MIMO and CSI-Process capabilities, which so far contribute significantly to the size of the capability structure. 
[bookmark: _Toc462411749][bookmark: _Toc462931591][bookmark: _Toc462931797][bookmark: _Toc463037540][bookmark: _Toc463037628][bookmark: _Toc466030269][bookmark: _Toc466030855][bookmark: _Toc466030867][bookmark: _Toc466030963][bookmark: _Toc466031021][bookmark: _Toc466031089][bookmark: _Toc466033998][bookmark: _Toc466034009]RAN2 should aim to reduce the size of the capability structure compared to that of LTE. RAN2 should for example consider reducing the number of capabilities repeated per the band combination and rather indicate for which bands they may be used (RF restriction) and in combination with which other features (processing limitation). 
Since this is not an easy discussion, RAN2 should proceed with it throughout the study- and work item phase rather than postponing this important task to the very end of the work item. 
“Compressing” capability structure over Uu and in storage
Irrespective of the enhancements made for the capability signalling structure, we foresee that it will anyway be of considerable size. In E-UTRA the eNB attempts to fetch the capabilities for a connecting UE from the MME. If the MME has not stored the capabilities for the UE, 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 and transmission 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 them 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 the UE capabilities every time a UE connects. 
All UEs of the same model and with the same software version support the same set of capabilities.
We therefore suggest that the RAN (and the CN) can identify UEs that support the same set of UE capabilities. This enables RAN (and the CN) to store just one set of capabilities for each “UE model” rather than one per individual device. 
If the RAN (or the CN) is not aware of the capabilities of a UE that attempts to connect, the RAN (or the CN) could initially ask the CN (or the UE) for the “UE model” rather than for the entire capability structure. If either the RAN or the CN had previously served any such “UE model”, the actual UE capability set does not need to be transferred over the radio interface. We expect that after a few days after a new “UE model” has been introduced, at least most MMEs are aware of the mapping between the UE model (its ID) and the corresponding capabilities. Shortly afterwards even most eNBs will have a stored copy of the UE capabilities at least for the most popular UE models. 
The “UE model” (hard- and software version) could be indicated as an ID such as (or similar to) what is included in IMEI-SV. In addition to the UE capability enquiry request, the eNB should have means to request only this UE model ID. Only if it does not have a stored copy of the corresponding full capabilities, it would need to request them from the CN or from the UE. 
If the effort of maintaining an ID space (such as IMEI-SV) is considered undesirable, RAN2 could alternatively define a hash function, which the UE applies to the full set of capabilities in order to generate the above-mentioned ID. However, we consider this a stage-3 detail that does not need to be discussed or agreed right now. 
[bookmark: _Toc462411750][bookmark: _Toc462931592][bookmark: _Toc462931798][bookmark: _Toc463037541][bookmark: _Toc463037629][bookmark: _Toc466030270][bookmark: _Toc466030856][bookmark: _Toc466030868][bookmark: _Toc466030964][bookmark: _Toc466031022][bookmark: _Toc466031090][bookmark: _Toc466033999][bookmark: _Toc466034010]Upon request from the RAN, the UE provides only a short identifier (model ID) that unambiguously identifies the corresponding full set of UE capabilities but not the UE itself. If the RAN is not aware of this full set of capabilities corresponding to the received model ID, it may either request it from the CN or from the UE. Preferably, the RAN and the CN store the full capability sets in combination with the model IDs. 
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Following the principles of LTE, RAN2 standardizes a comprehensive/complete set of UE capabilities based on which an eNB can unambiguously determine the features supported by a particular UE.
Proposal 2	In its capability signalling the UE indicates support for features that have been implemented and properly tested.
Proposal 3	The network configures and reconfigures the UE in accordance with the capabilities indicated by the UE. The UE shall not reject a configuration that is within the limits defined by the UE capabilities.
Proposal 4	The complete set of UE capabilities shall be static, i.e., the UE must not change its capabilities except during DETACH/ATTACH (this should not preclude enhancements such as e.g. NW-requested capabilities)
Proposal 5	It should be investigated how a UE may indicate (temporary) restrictions of its capabilities (to account e.g. for an overloaded/overheated CPU or constraints due to other active RATs) without harming user- and network performance and stability.
Proposal 6	As baseline, RAN2 may consider that the UE may indicate (temporary) restrictions of its full set of capabilities. It may revert to a super-set of these restricted capabilities only after expiry of a prohibit timer configured by the network.
Proposal 7	RAN2 should aim to reduce the size of the capability structure compared to that of LTE. RAN2 should for example consider reducing the number of capabilities repeated per the band combination and rather indicate for which bands they may be used (RF restriction) and in combination with which other features (processing limitation).
Proposal 8	Upon request from the RAN, the UE provides only a short identifier (model ID) that unambiguously identifies the corresponding full set of UE capabilities but not the UE itself. If the RAN is not aware of this full set of capabilities corresponding to the received model ID, it may either request it from the CN or from the UE. Preferably, the RAN and the CN store the full capability sets in combination with the model IDs.
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