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Introduction
During the study item phase of FS_RACS_RAN, Capability Signaling optimization, there were two different types of Capability ID’s being recommended for SI phase. These are described in the SA2 TR 23.743: 

Manufacturer-specific: The UE Capability ID may be assigned by the UE manufacturer in which case it is accompanied with the UE manufacturer information (e.g. TAC field in the PEI). In this case, the UE Capability ID uniquely identifies a set of UE Radio Capabilities for this manufacturer, and together with this UE manufacturer information uniquely identify this set of UE Radio Capabilities in any PLMN;

PLMN-specific: If a manufacturer-assigned UE Capability ID is not used by the UE or the serving network, or it is not recognized by the serving network, the serving core network may allocate UE Capability IDs for the UE corresponding to different sets of UE Radio capabilities the PLMN may receive at different times from the UE. In this case, the UE Capability IDs the UE receives are applicable to the serving PLMN and uniquely identify the corresponding sets of UE Radio Capabilities in this PLMN;

There were many other solutions also described, but not part of or included in recommendations for WI phase. 
One such example of ID types that were discussed by SA2 was a HASH based ID. SA2 did ask RAN2 about the HASH-based ID and the response sent to SA2, based on agreement from RAN2 #105 was: 

Agreement
1	Respond to SA2 that RAN2 have found no particular advantage with hash-based ID’s over the solutions that are already in the interim conclusions of 23.743.

In RAN2 #105, there was however some discussion that HASH - based ID’s could have advantages under certain conditions. In this contribution, we describe how such a HASH-based ID could work.
[bookmark: _Ref178064866]Discussion
Challenges with current Capability ID solutions
A straightforward way of proceeding with the Capability ID in the WI-phase is to simply pick-up and address the Vendor-based and the PLMN-assigned solutions. There have however been some discussions on what potential challenges each of these solutions may pose. These are summarized below. 

Challenges with Vendor-based capability ID: 

· Needs to be administered by UE vendor and best if pre-provisioned to databases. Adds a burden to both UE vendors and operators. New capability ID needs to be allocated and provisioned to the database for any modifications of capabilities.
· Needs to reflect “full capability” somehow, even though this is not possible to signal over RRC. 
· When retrieved by gNB from a mapping database, e.g., in the network, there needs to be a way to either retrieve full capabilities, or to filter, without that core network should have to “interpret” capabilities. Alternatively, the retrieved capabilities are already filtered either by the UE vendor or by the operator. This requires administration of the filters and executing the filtering.

Challenges with PLMN-based capability ID: 

· Even though capability filter can vary in different base stations, there is only one PLMN-assigned capability ID that is valid at any given time. If a UE got several PLMN-assigned ID’s formed from different filters or situations, it somehow needs to be determined what ID to use, and the ID used may not be the one that is best suited. Alternatively, it would only store one PLMN-assigned ID that then could alternate dependent on filter, with loss of feature gain as result. This makes it almost necessary to work with a “network-wide” capability filter to get the most gain.
· UE’s need to store PLMN ID’s for every different response relevant for a certain capability filter. If a change of capabilities is to be signalled, a new ID is needed.
· Capabilities always need to be transmitted for all UE’s at least once.

For the reasons above, we think it is good to at least consider solutions that don’t have the above drawbacks and challenges, or only very few of them. We think that an ID based on HASH can be a candidate.
Alternative solution – HASH-based ID and early filter indication
In 37.873, it is stated, on the topic of Hash-based ID’s: 

On HASH-based ID's as described in solution #3 in 23.743[3], RAN2 has identified that, to create a hash-Capability ID the UE needs to do this assuming some specific capability information. It is not obvious what capability information the UE would have the hash operate on to create the ID. Further, there are aspects related to the length of the ID, for which the length would need to be longer than other ID solutions.
RAN2 concludes that HASH-based ID's offer very little possibilities to explore additional advantages over those already possible with the solutions described in the SA2 interim conclusions.

We consider that if there are ways to instruct the UE on what information it should execute a HASH procedure on before the ID is needed (before initial NAS signaling) then it would be more feasible to consider a HASH ID. Thus, in contrast to what is stated above, the UE would not need to assume some specific capability information. One way of doing this is by indicating to the UE the information the HASH operation should be executed on, using a capability filter. The UE will instead acquire information about a relevant filter prior to running the HASH operation and then it will create the ID in a straight-forward manner. The only change that would be needed to the standard in this case would be to make sure that the UE gets filter information prior to transmission of initial NAS message/signaling. 

[bookmark: _Toc3841609][bookmark: _Toc4512595]If a UE get filter information prior to transmission of capability ID over NAS signaling, it could create a HASH-based ID with well-defined and relevant capability information, based on relevant filter.

There are at least a couple of feasible ways to signal early filter information to the UE: 

· Broadcast a filter in a cell, include it in system information or, 
· Include a filter description in early signaling, e.g., in RRC Connection Setup message

We think that both approaches can be considered, the filter description itself does not contain a huge amount of information. Thus, we think that, instead of only allowing the filter description to be included in the capability enquiry message, it could also be signaled in msg4 at setup or put in broadcast information.

[bookmark: _Toc3841610][bookmark: _Toc4512596]The filter information usually included in the UECapabilityEnquiry message can also be included in system information broadcast, or it can be included in an RRCConnectionSetup message.

With filter information and a known HASH operation, it will be possible to create the capability ID on the UE side, receive it on the network side, verify it using the known HASH and correlate it to already stored information, in the same way as is intended for the other capability ID’s, the vendor-based and the PLMN based. 

If there is no explicit capability information associated to a certain ID identified on the network side, then, in much the similar way as is already considered, but for the PLMN-based ID, the network can request information via the enquiry-information procedure. This is a legacy procedure, but now also adding a capability ID in the UECapabilityInformation message, in a similar way as has been discussed for the other capability ID types.

The main difference over what SA2 already has described in their HASH-solution, is that there is a network-controlled possibility to determine over what capability information the UE does the HASH. This makes it both verifiable and relevant for the cell a UE wants to access.

[bookmark: _Toc3841611][bookmark: _Toc4512597]With capability filters from the network, the UE can generate a controllable, relevant and verifiable Capability ID.

Advantages and drawbacks with a HASH-based ID
To justify inclusion of another Capability ID option at this stage, it should have significant advantages over the already concluded and studied solutions.

We think that a HASH-based ID combined with early capability filter indication has some significant advantages over the UE vendor based and the PLMN-assigned capability ID’s. 

Comparing to the lists above for the PLMN-assigned and vendor-based ID’s respectively, it is our view that: 
· No administration would be needed with the HASH-based capability ID. There would be no need for pre-provisioning of any ID’s. 
· There is no need for UE vendors to allocate any ID’s, only to introduce support for the HASH operation. UE’s does not have to store any ID’s (and capability information the ID maps to) either.
· There is no need to have the same capability filter in all base stations. The ID works well even if filters are different. The only consequence of this is that handover situations may require additional enquiry/information procedures, but this is not any different than it is already without ID solutions. 
At AMF change, ID and corresponding stored capability information can be signalled from the source to target, so new RAN node will get needed info via CN. At gNB change, by receiving the ID and corresponding capability information, the target gNB can evaluate what filter was used in source and if different, request the UE to provide a new ID (no need to initially request actual capability information as the mapping might already be known in target).
· The ID is easily verifiable, which means that “self-learning” databases are feasible
· It is quick to build-up a database including the most common UEs from ordinary traffic situations, which means that the solution is very robust. If mapping databases are lost, or even deliberately flushed, it is quick to re-build and again benefit from possible savings with the ID.
· There is no need to send capability information once for every UE, as soon as one UE has combined/ associated capability information according to a filter, with a certain HASH ID, that ID+ capability information will be stored and then when the next UE of same type will signal its ID, it will be known in the network and possible to reuse immediately.

As with all Hash-operations, there is always a risk for collisions, however the likelihood can be controlled by the HASH length. For example, a 64-bit HASH can offer usage of around 2 million values and the collision probability would then be 1 in 10 million (Approximated as k2/2N, where k is the amount of values being used and N is the possible ID space). In situations when a collision occur, this may result in that the wrong capabilities are assumed and that a reconfiguration is not supported, causing a reestablishment. Alternatively, a (more capable) UE will not be configured according to its full capabilities. The former will be detected whereas the latter will be more difficult to detect. We think that it is possible to address both these concerns, if justified, by changing the input to the HASH slightly and flush the mapping database or extending the length of the HASH-ID.

[bookmark: _Toc3841612][bookmark: _Toc4512598]HASH-collisions can be made arbitrary unlikely such that they may, in reality, never happen.

To conclude, we believe that the advantages of HASH-ID outweighs the disadvantages.
Way forward
To summarize, we think that the HASH-based ID with early filter indication is a low complexity and robust solution that, in comparison with UE vendor-assigned or PLMN-assigned ID solutions is simpler and require less administration, configuration and standardization. We propose to send an LS to SA2 and RAN3 to get their feedback on considering this for further work and standardization during the WI phase.
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A draft LS is found in [3].
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In section 2 we made the following observations:
Observation 1	If a UE get filter information prior to transmission of capability ID over NAS signaling, it could create a HASH-based ID with well-defined and relevant capability information, based on relevant filter.
Observation 2	The filter information usually included in the UECapabilityEnquiry message can also be included in system information broadcast, or it can be included in an RRCConnectionSetup message.
Observation 3	With capability filters from the network, the UE can generate a controllable, relevant and verifiable Capability ID.
Observation 4	It is possible to address HASH-ID collisions with additional input to the HASH and to occasionally flush the ID-to-capability mapping database.

Based on the discussion in section 2 we propose the following:
Proposal 1	Send an LS to SA2, requesting feedback on the HASH-based Capability ID with early filter indication

1. [bookmark: _In-sequence_SDU_delivery]References
1. [bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref344096]3GPP TR 23.743 
1. 3GPP TR 37.873
1. [bookmark: _Ref4512618][bookmark: _GoBack]R2-1907340, Draft LS on Alternative Capability ID based on early filter information, Ericsson, RAN WG 2 #106, Reno, Nevada, USA, May 13 - 17, 2019


	1/2	
