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Abstract of the contribution: this paper briefly analyses the granularity of TA+SVN is too fine and needless.
Discussion
Over the last quarter we have converged quite quickly to agreeing the format of the UE radio capability ID for the case of the UE manufacturer assigned UE Radio Capability ID. This Would include a TAC+SVN. In CT4 this was further discussed and the result was a CR in C4-193612. In this CR also a PLMN assigned UE radio capability ID format that has granularity of TAC+SVN has been agreed, with TAC+SVN part of the format, alongside a ID format without TAC+SVN.
The driver for the granularity was the assumption that a UE model may come to market with no support of UE manufacturer assigned UE radio capability ID, and then the firmware may be upgraded to support them. As this happens, the a new SVN to such UEs would be assigned.
However, this ”nice to have” upgradability could only be beneficial in the very first few years of RACS deployment if UE vendors are yet unconvinced to support manufacturer assigned IDs and then change their mind AND think they are so excited to want to roll these out to UEs already in the field., but have a lasting impact on the size of the dictionaries. 
To better understand this, the number of IDs required is proportional to the number of devices. A single TAC value can be used only for up to 1 M devices. So, a successful UE model could sell in the tens of millions of devices and require tens of TACS. The number of SVNs used by a UE vendor is not predictable as each vendor make use in a way that is not standardised, some may use none, some may use few units, other tens (the theoretical maximum being 99, as shown below in figure 1)



Figure 1- IMEI format
So, assuming a UE vendor uses e.g 10 SVNs and sells 10 M exemplars of a UE model, it will need at least 10 TACs, which means it will need 100 IDs per radio configuration. If such device model used with 5 ratio configurations, then just one UE model would require 500 IDs. With a flat space for the vendor, the vendor could just allocate 5 IDs. So we have needlessly used two orders of magnitude more IDs if the UE comes to market from day one with these IDs.
The situation is far worse if the format including TAC+SVN was used for PLMN assigned IDs: if the PLMN uses only PLMN-wide filtering, then the upper bound of the number of PLMN assigned IDs would be the same as the one for Manufacturer assigned IDs. However, if the PLMN did not centrally coordinate the filtering in the RAN, a potentially large number of filters could be used in the RAN nodes the operator deploys. This can reach quite large numbers especially as now lots of various small cell kinds could be deployed. If for instance 10 different UE radio capability filters were used in a PLMN RAN, this UE model could be getting then up to 5000 PLMN assigned IDs. Note: each UE model in a PLMN with non-coordinated filtering may end up with receiving 10 IDs for each radio configuration, so up to 50 IDs just in one PLMN. Clearly this shows that the benefit of RACS with PLMN assigned IDs would be undermined and the size of the databased for each UE model would be substantial (and the bigger the number of potential IDs in the system, the most likely it is that cache misses in RAN and CN are more frequent is the need for resolution of the ID or fetch of Radio capabilities from the UE over the radio.
Assuming we used a format of PLMN assigned IDs without TAC+SVN in the format, then for a single UE we would have just as many IDs as the number of radio configurations, times the filters used in a PLMN. So, we normally could have a databased two orders of magnitude smaller, so it would be a saving of at least 99% of the costs of memory HW real estate occupied by the feature. We say at least here, as it is in principle possible to share the IDs across vendors and so the same IDs could be shared for many devices if e.g. the Chipset/reference design they use is the same. In that case the real estate occupied would be potentially several orders of magnitude smaller.
Proposal: it is not needed, to use the TAC and SVN in the PLMN-assigned UE radio capability format. The UCMF can keep the association to TAC separately in networks where the transition to Manufacturer assigned ID is enabled per TAC (see Annex 2)
For the case of UE Manufacturer assigned ID, as already stated above, there seems to be no advantage to have one ID set per TAC+SV, nor one ID set per TAC. Indeed, it is preferable to just use a flat ID space per manufacturer. This will dramatically reduce the number of IDs per UE model to just the number of UE radio configurations supported. In the example above, this would be reducing the number of IDs from 500 to 5. So, it is 99% gain in this example. In other examples it could be more if a number of UE models use the same chipset/reference design!
[bookmark: _Hlk20987066]Proposal 2: it is proposed that instead of using a TAC+SV, a vendor ID is used. This vendor ID could be administered by GSMA, like the TACs are. One vendor could apply for one or more vendor IDs as needed.
To reiterate, the current only benefit for inclusion of TAC+SV is the ability to selectively upgrade UEs to support Manufacturer assigned ID, that come to market with no such support. This can only be a feature that is useful in the first year of adoption of this by the UE vendor as it is assumed that after a while the vendor will always support manufacturer assigned IDs once they are starting to support these with one initial UE model.
The format of the ID would then change from:
{[TAC][SVN][Identifier of capabilities assigned per TAC+SVN]}
To 
{[Vendor ID][Identifier of capabilities assigned per vendor ID]}
Annex 1 also provides some additional information on the negative effects of the current assumption on the format of the UE radio Capability ID

Proposal
It is proposed that the format of the IDs is reconsidered and that the proposals 1 and 2 are agreed.

Annex1 : Expected yearly expansion of PLMN assigned IDs
· Assumption: 
· Let R be the # of radio configurations of a TAC+SV related UE model
· Let S be the # of SVs for the TAC.
· Let F be the # of radio capability filters used in the RAN of a PLMN
· The worst-case number of IDs for a single TAC in a PLMN is R*S*F
· How many TAC values are needed in an average year?
· In 2018, around 1.56 billion smartphones were sold worldwide. This number is going to become bigger an bigger over time.
· So in that year we typically  would have needed certainly more than 1560 TACs (since the space of UE TACs is quite fragmented AND TACs are not assigned only to smartphones!) 
· it is conceivable that in reality each year in the future some tens of thousands of TACs could be needed as there are models that do not manage to sell anywhere near a million for each TAC (a TAC can be used for up to 1 M devices).
· New classes of devices like IoT, tablets or computing devices with 5G radio, or cars, are also going to make this worse and worse!
· So, assuming just 10000 new TACs per year are coming to a typical PLMN, if each UE can have up to 5 radio configurations, and each TAC on average uses 10 SV (to be quite optimistic), we have about 500K new IDs per year. In reality we suspect the average number of SVs can be MUCH larger. 
· if in a PLMN there were e.g. 10 Radio capability filters, we could have then about 5 M new IDs per year.

So, assuming each ID maps to about 32KB UE radio capability (again very optimistic) we add each year about 8 GB to the database if we use a PLMN wide filter or 160 GB if we do assume 10 filters in a PLMN (but if a PLMN does not take care of filter control this number can be much bigger!).
Note: the database of what UE radio capability ID maps to which set of UE radio capabilities needs to be maintained with as many entries as possible in CN nodes for RACS to operate effectively and efficiently – as otherwise very frequent UCMF interactions would be required, which means a lot of C-plane processing). This means that AMF/MME sets may end up needing lots (several millions!) of IDs in local storage mapped to their meaning (as these CN nodes are not assumed to be required to optimise storage by “understanding” the meaning of UE radio capabilities - as it is currently the case, MME and AMF do not inspect the UE radio capabilities information they store)
Annex 2 : Need of storing association of UE radio capability to TAC?

For Manufacturer assigned UE Radio Capability IDs, the UE vendor will keep a list of TACs that use manufacturer assigned ID and which IDs each TAC uses.
The UE Manufacturer does not need to provide operators with the association of each ID to each TAC, rather the list of TACs that support manufacturer assigned ID. 

For PLMN-Assigned UE radio Capability IDs, the following applies:
	PLMN deployment
	Need to store UE radio capability ID to TAC association in UCMF
	Rationale

	PLMN does not use Manufacturer Assigned IDs
	NO
	The UCMF needs only to know which Id maps to which Radio capability set as there is no need to ever remove these IDs per TAC due to transition to UE Manufacturer assigned IDs

	PLMN uses Manufacturer Assigned IDs
	YES
	The UCMF needs to know which PLMN assigned IDs maps to which Radio capability set AND which TACs use an ID. When a dictionary from a UE vendor is deployed in UCMF, the vendor provides the list of TACs the Dictionary applies to. The corresponding TAC values are removed from the association of PLMN assigned IDs to TAC values. The UCMF stores for each Vendor ID the applicable UE manufacturer assigned UE radio capability IDs and the list of TACs that use this dictionary for the Vendor ID.  
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