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1 Introduction

In RAN2#105 meeting, the ‘delta signalling’ issue has not been decided:

 =>
Respond to SA2 that RAN2 understand that all the impacts of 'delta signalling' (i.e. some additional capability information alongside the capability ID) would be within the RAN2 specifications and therefore it should be RAN2 decision to conclude on support of this feature. RAN2 has not yet concluded whether to support or not of this feature.

And in RAN2#105Bis and RAN2#106 meeting, the ‘delta signalling’ issue has not been discussed.
In this contribution, we analyse the use cases related to the ‘delta signalling’ issue and give our conclusion of whether this feature is worth to be supported or not.
2 Discussion
In current spec, only temporarily UE radio capability change can be supported in RRC-CONNECTED state, like overheating procedure in NR RRC. The overheating procedure can provide some schemes to avoid overheating or interference, like limiting the maximum number of CCs, the maximum of Band Width and the maximum of MIMO layers. But these limits are only valid for a short period of time and are only known to the RAN nodes, the UE radio capabilities context in the CN and RAN is not changed.

Any permanent or static UE radio capability change will require the UE to go to idle mode and redo the Registration procedure, which may result in large signalling cost.

So, when discussing the new UE capability Identity solution, the ‘delta signalling’ solution has been raised to accommodate the above issue (solution 6.6, 6.9 and 6.11 in TR23.743). And some detailed approaches have been present in the previous meetings. [1][2][3][4][5]
On the other side, the permanent or static change of UE radio capabilities may not be a frequent issue. And current solutions are only focused on the signalling optimization of the RRC message UECapabilityInformation in UE Capability Transfer procedure, which is only part of the whole image, while the signalling cost is both for the NAS procedures and AS procedures. We think further understanding of the use cases for the change of UE radio capabilities is needed.
2.1 When manufacturer-assigned UE radio capability ID is used between UE and serving PLMN:

It can be assumed that UEs with the same model and the same software version will have the same manufacturer-assigned UE radio capability ID, if their UE radio configurations are also the same. It’s meaningless to assign different manufacturer-assigned UE radio capability ID to each single UEs with the same radio capabilities. In the following analysis, we will have the assumption.

UE Radio Capability change, in [2], the use case is defined as “Change of capability: The UE can signal its original capability ID corresponding to the previous capability, along with a delta set indicating the changes.” 
In this use case, the UE with a specific manufacturer-assigned UE radio capability ID will report to the serving PLMN that the UE radio capabilities corresponding to that specific manufacturer-assigned UE radio capability ID have some changes. And the serving PLMN’s UCMF should update its database. According to our understanding, this might cause some unforeseeable capability mismatch between the network and the UEs haven’t done the capabilities updating.
For example, UE A and B have the same manufacturer-assigned UE radio capability ID X, and UE A is power on and has a WiFi connection to download the new version software for the modem, while UE B is power off. After internal updating the modem software, UE A updates the UE radio capabilities corresponding X in the network database with specific NAS procedure. But when UE B is power on and doing the registration with the ID X, its understanding of the UE capability is different with the network. Or UE B is also power on when UE A is updating the ID X database, but UE B’s configuration does not allow it to download the new version software. After the database in the network side is synchronized, although UE A and UE B are using the same ID X, they have different UE radio capabilities.
So we think the better way is using a new manufacturer-assigned UE radio capability ID for each time of UE radio capability change. And this use case is not valid for manufacturer-assigned UE radio capability ID.
One manufacturer-assigned capability ID corresponding to different capabilities in different PLMN, in [2], the use case is defined as “Variant capability, e.g. PLMN-specific settings: A UE equipped with a manufacturer-assigned capability ID can signal that capability ID, along with a delta set indicating the variances for the current environment (e.g. the serving PLMN).”
In this use case, UE is required to report the difference between the UE radio capabilities corresponding to one specific manufacturer-assigned capability ID in difference PLMN. We admit that one UE model might have different UE radio capabilities in different PLMNs. But according to our understanding, the UE radio capabilities corresponding to one specific manufacturer-assigned capability ID is provided by the manufacturer to the different operators directly, the end user of the UE should not be involved. So this use case is not valid for manufacturer-assigned UE radio capability ID.
New UE model introduction, in [2], the use case is defined as “New UE models: A UE whose “native” manufacturer-assigned ID has not yet propagated to all databases could indicate its capability as a delta against a better-established model with similar capabilities.”
In this use case, UE is required to report the difference between the UE radio capabilities of its own model corresponding to one specific manufacturer-assigned capability ID of another model. This is a little bit weird because the UE need to carry a manufacturer-assigned ID that is not its model. And how does the UE know whether the “native” manufacturer-assigned ID has been propagated to the serving PLMN or not? And also, how does the UE know whether the “better-established model” is understood by the serving PLMN or not? And when the UE could know it can report the manufacturer-assigned ID of its own model?
The current “unknown” manufacturer-assigned ID procedures defined by SA2 will use UE Capability Transfer procedure to get the UE radio capabilities and assign a PLMN-assigned ID for the UE. Since the “native” manufacturer-assigned ID will be propagated to all database sooner or later, we think there is no need to introduce this optimization considering the efforts needed on standard and implementation.
Local UE radio configuration change, some models of UE allow the user to modify the UE’s local radio configuration, like On/Off specific Rat(s), On/Off specific FR(s), or On/Off other services(eg. MBMS). It can be assumed that some models in future can even download different profiles ToAddmod/ToRemove specific items in specific list. Every change in the UE radio configuration will produce some difference in UE radio capabilities, 

But in TS23.501 section 5.4.4.1a, it is defined that UE should report manufacturer-assigned UE radio capability ID that is applicable to the current UE Radio configuration. This means each manufacturer-assigned UE radio capability ID has a corresponding UE Radio configuration, UE only report the manufacturer-assigned UE radio capability ID when the current UE Radio configuration is the same with the UE Radio configuration corresponding to the manufacturer-assigned UE radio capability ID. So change of the UE Radio configuration means change of the manufacturer-assigned UE radio capability ID. This use case is not valid for manufacturer-assigned UE radio capability ID.
Someone may argue that UE can send a manufacturer-assigned UE radio capability ID and the delta capabilities to the network to acquire a PLMN-assigned UE radio capability ID as an alternative solution to save signalling. But the studies in [6][7] show that the standard and implementation complexity is very huge even for On/Off specific Rat(s) or On/Off specific FR(s). Considering the limit time we have, we think the delta signalling corresponding the local UE radio configuration change should not be considered in this release.
2.2 When PLMN-assigned UE radio capability ID is used between UE and serving PLMN:
In TR 23.743, the following note has been defined, “NOTE 2:
When the UE Capability ID is allocated by the serving PLMN, the method that the core network detects that the same UE Radio Capabilities are signalled by multiple different UEs or the same "model" in order to allocate the same PLMN-specific UE Capability ID from SA2 point of view is left up to implementation or can be decided by RAN.”
So, whether the UEs with the same UE Radio Capabilities will have the same PLMN-assigned UE radio capability ID is left for the network implementation. And the delta signalling can be used for network database updating for a specific PLMN-assigned UE radio capability ID or to get a new PLMN-assigned UE radio capability ID.

When PLMN-assigned UE radio capability ID is used between UE and serving PLMN, the use cases can be Local UE radio configuration change, UE Radio Capability change and Network filter change. 

For the multiple UE sharing the same ID implementation, if the UE try to use delta signalling approach to update the network side database, then the UE and NW side capability mismatch problem mentioned in 2.1 UE Radio Capability change will happen. If the UE try to use delta signalling approach to get a new PLMN-assigned UE capability ID, the standard and implementation complexity is still very huge.
For one ID corresponding to one UE implementation, the delta signalling approach both for update the network database and for acquire a new ID can work, but the standard and implementation complexity is still very huge and the network need to define new signalling to inform UE about its implementation way, which is not following SA2 TR’s notes.
According to the above analysis, we can see that delta signalling for UE radio capability ID cannot be used for updating the database in the network side for the UE radio capability ID when multiple UEs are associate with this ID. And for other cases, either not fulfilling the specification requirements or the standard and implementation complexity is too huge.
Proposal: Delta signalling for UE radio capability ID is not preferred by RAN2.
3 Conclusion

Proposal: Delta signalling for UE radio capability ID is not preferred by RAN2.
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