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1. Introduction
After RAN2#104, with more input from SA2, we have had an E-mail discussion to further discuss the UE capability ID signaling options. It has been a long and heated e-mail discussion but there are still some questions we have not managed to reach any consensus. In this contribution, we further consider on UE capability ID signaling and share our preference.
2. Discussion
2.1. NAS vs AS
RAN2 have had a lot of discussions in the past several meetings and confirmed that the use of either RRC or NAS signaling to transfer the UE capability ID would be feasible.
Based on the following interim conclusions from SA2 [1], the UE capabilities can be visible to RAN node without CN involvement if the UE capability ID is transferred via RRC signaling.
NG-RAN that supports RACS, is mandatory to be able to maintain local storage of UE radio capabilities and have access to the mapping between the UE Capability ID and the full set of UEs radio capabilities.
With the UE capability information, gNB is able to configure the UE with certain configurations and take RRM decisions before the N2 setup is complete. The network signaling over N2 and Xn can also be reduced by transferring the capability ID instead of the detailed capability information. With all these benefits in mind, we have the following proposal:
Proposal 1: The UE capability ID should be transferred from UE to network via RRC signaling.
When it comes to which RRC message to use for UE capability ID transmission, both RRCSetupComplete and UECapabilityInformation message can be considered. SA3 responds the LS by saying “SA3’s conclusion is that the UE Capability ID shall be sent ciphered and integrity protected.”[2] Since the UE capability enquiry procedure can be triggered after security is activated, including UE capability ID in UECapabilityInformation message should be supported. 
Proposal 2: Including UE capability ID in UECapabilityInformation message should be supported. 
2.2. Whether to have capability ID along with delta signaling ?
Honestly, we are not a fan of having capability ID along with the delta signaling. Involving delta signaling of capability sets is quite complicated. We may need to identify which part in the UE capability information can be signaled as the delta part e.g supportedBandCombinationList, featureSets, and featureSetCombinations and form the corresponding ASN.1 for the UE capability ID + delta signaling, which will be quite difficult to reach a consensus and the discussion will be painful for all of us. 
In addition, the intention of introducing the UE capability ID signaling is to reduce the signaling overhead as much as possible. The size of the delta signaling part will be much larger than a UE capability ID mapped to a full set of UE radio capabilities and we may have to make sure the size of the delta signaling part will not go beyond the size limit, i.e. 9000 bytes. Having capability ID along with delta signaling looks like a halfway mechanism which cannot be applied to solve the size limitation in UE capability transmission completely.
With the above concerns on supporting delta signaling along with capability ID, we suggest:
Some companies mentioned the temporary capability restriction due to power saving or over heating in which case the delta signaling along with UE capability ID can be useful in transmitting the temporary capability. In our understanding, such temporary capability can also be considered when the UE capability ID is allocated. A individual capability ID can be reported to the network instead of the original ID + delta signaling. 
Additionally, the temporary capability restriction due to power saving or overheating happens when UE is RRC_CONNECTED which means that the temporary capability restriction report may also happen in RRC_CONNECTED state to update the UE capability ID stored on network side before power saving or over heating happens. However, SA2 replied in their LS[3] by saying “SA2 does not anticipate any new procedures to allow change of UE radio capabilities in RRC_Connected mode.” Considering SA2’s views, I guess we can separate the discussion on capability ID and the temporary capability restriction due to power saving or over heating and exclude such case from this SID.
Proposal 3: Except the temporary capability restriction due to over heating or power saving, which is not in the scope of the WI, delta signaling is not applicable to the UE capability ID.
2.3. One ID to a full set of capability vs One ID for each RAT container 
Have one ID mapped to a full set of capabilities is the simplest way to go with less impact in RAN2 as the UE capability ID will be defined by SA2. One UE capability ID can reflect all the capability information. By checking the mapped dictionary between the UE capability ID and the full capabilities, NW is aware of all the capabilities from UE. 
Some companies mentioned that having one ID for each RAT container can be useful when the content of one RAT container is change but others remain the same. For example, if the UE NR capability changes due to for example software update of the UE, but the LTE capability remains unchanged. The UE could only update the NR capability ID to the network. In our understanding, even though only a subset of the UE capabilities needs to be updated, there is no harm if the full set of updated UE capabilities are provided to network by transmitted a updated UE capability ID. 
From UE's aspect, one UE capability ID is mapped to a full set of UE capabilities. From NW's aspect, the NW can store/mapping only the capabilities of the RAT required in the NW. For example, if only LTE and NR are deployed in the current NW, then the NW can store the capabilities related to LTE and NR only and this kind of filtering shall be transparent to UE.
Proposal 4: One UE capability ID is mapped to a full set of UE capabilities. 
2.4. Hash-based solution
A Hash based solution is now under discussion in SA2. The UE calculates a HASH value of the UE Radio Capabilities and sends the HASH value to network and the network will determinate if corresponding UE Radio Capabilities is already available. If the corresponding UE Radio Capability is not available then it needs to be retrieved from the UE. When the network receives the UE Radio Capabilities, RAN needs to calculate the HASH value in order to validate that the HASH value corresponds to the uploaded UE Radio Capabilities before accepting them.


Figure 1. An example of Hash based solution
If a Hash value and the corresponding UE radio capabilities have been reported to the network, UEs with the same radio capabilities can report their capability by transmitting the Hash value. Since defining the UE capability ID is mainly SA2’s task, we can simply confirm that using the Hash value as the UE capability ID is feasible from RAN2’s perspective. 
Observation 1: Using the Hash value as the UE capability ID is feasible from RAN2’s perspective.
In addition, in the Hash based solution, the mapping between the capabilities and the UE capability is added one by one via UE reporting. Thus, the full set of UE radio capabilities will be reported to network at least once before the Hash value is used in signaling, we still need to consider the signaling overhead in such transmission and some other means, e.g. segmentation or compression, has to be considered.
Observation 2: If the Hash based solution is applied, the full set of UE radio capabilities will be reported to network at least once before the Hash value is used in signaling. Reducing the signaling overhead in transmitting the full set of radio capabilities is also required. 
In other solutions, for example, the PLMN-specific UE capability ID assignment, the mapping dictionary can be generated in the testing phase and stored in both CN and RAN node. In the Manufacturer-specific UE capability ID assignment solution, the mapping dictionary will be defined by manufacturer and stored in both CN and RAN node in advance. In this way, the UE capability ID can be used directly in capability signaling.
Observation 3: If UE capability ID is assigned either by the serving PLMN or by the UE manufacturer, it is possible that the UE capability ID is used directly in signaling without transmitting the full set of capabilities.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Proposal 1: The UE capability ID should be transferred from UE to network via RRC signaling.
Proposal 2: Including UE capability ID in UECapabilityInformation message should be supported. 
Proposal 3: Except the temporary capability restriction due to over heating or power saving, which is not in the scope of the WI, delta signaling is not applicable to the UE capability ID.
[bookmark: _GoBack]Proposal 4: One UE capability ID is mapped to a full set of UE capabilities. 
We have the following observations based on our understanding on the Hash based solution:
Observation 1: Using the Hash value as the UE capability ID is feasible from RAN2’s perspective.
Observation 2: If the Hash based solution is applied, the full set of UE radio capabilities will be reported to network at least once before the Hash value is used in signaling. Reducing the signaling overhead in transmitting the full set of radio capabilities is also required. 
Observation 3: If UE capability ID is assigned either by the serving PLMN or by the UE manufacturer, it is possible that the UE capability ID is used directly in signaling without transmitting the full set of capabilities.
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