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1. Alternative identity
According to 3GPP TS 24.174 [1] an alternative identity is defined as:
Alternative identity: identity used by the UE (e.g. MSISDN, tel URI or SIP URI) that is not associated to the IMSI which is currently used by the device for IMS registration and which is associated to a different IMSI for the same IMS subscription owned by the same IMS network.

Reading the definition, it is interpreted that the UE always registers its contact to the alternative identity. However Annex C.2 in 3GPP TS 24.174 v1.0.0 [2] shows that one of the cases for the alternative identity where the alternative identity is transparent data. See figure 1 which is similar to figure C.2-1 in 3GPP TS 24.174 v1.0.0 [2]:
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Figure 1: Alternative Identity according to use case 1 in annex C.2 in 3GPP TS 24.174 v1.0.0 [2]
As it is described in the use case 1 in annex C.2 in 3GPP TS 24.174 v1.0.0 [2], the intention of this configuration is to that contact IMPI1 can use the service profile IMPU2 as well as service profile IMPU1 while contact IMPI2 can only use the service profile IMPU2. As the text says:

The user wants to use one of his identities (IMPU2) on the device for which the native identity is IMPU1, whereas the other identity (IMPU1) is not authorized to be used on the device for which the native identity is IMPU2. 

However this configuration is not correct. According to 3GPP TS 23.228 [3] an identity can be shared between two contacts as long as the contacts have the same IMS subscription and it is not mandated to share all the identities meaning contact IMPI1 can be registered to both IMPU1 and IMPU2 while IMPI2 can only be registered to IMPU2, see figure 2:
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Figure 2: Alternative Identity according to subclause 4.3.3.4 in TS 3GPP 23.228 [3]
Another configuration for alternative identity which is illustrated in both annex C.2 in 3GPP TS 24.174 v1.0.0 [2] and subclause 4.3.3.4 in TS 3GPP 23.228 [3] is illustrated in figure 3:
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Figure 3: Alternative Identity 

In this configuration, both contacts IMPI1 and IMPI2 are registered to the identities IMPU1 and IMPU2.
Observation 1: The configuration for use case 1 in annex C.2 in 3GPP TS 24.174 v1.0.0 [2] mistakenly introduces transparent data for service profile IMPU2 in order for contact IMP1 to use where contact IMP1 cannot use service profile IMPU1. Configuration in figure 2 shall therefore replace configuration in figure 1
Conclusion 1:. Alternative identity is an identity used by a UE for IMS registration within an IMS subscription, while this identity is not associated with the UE's IMSI but is associated with another UE's IMSI within the same IMS subscription.
2. Virtual identity
According to 3GPP TS 24.174 [1] an alternative identity is defined as:
Virtual identity: identity used by the UE (e.g. MSISDN, tel URI or SIP URI) that is not associated as native identity with any IMSI that is associated with ISIM or USIM in a device. The virtual identity can be used by a single user only or by several users having IMS subscriptions in the same or different IMS networks.

Looking at use case 1 in annex C.4 in 3GPP TS 24.174 v1.0.0 [2], the use of the virtual identity is not based on IMS registering any contact to the virtual identity and still a group of the users cam use that identity for some purposes. The fact that the virtual identity is neither IMS registered and nor associated with any ISIM in use case 1 is what the difference is between the virtual identity in use case 1 and the extended alternative identity. Thus, the HSS or S-CSCCF has no control on virtual identity in use case 1.
However looking at use case 2 in annex C.4 in 3GPP TS 24.174 v1.0.0 [2], IMPI1 contact is IMS registered by using the virtual identity as an alternate identity to IMPU1 in the implicit registration set. In this configuration, the virtual identity is very similar to native identity except the virtual identity is not associated with the UE's ISIM. As an advantage, the virtual identity in use case 2 is maintained by S-CSCSF and HSS, hence SIP protocol features such as caller preference can be employed for this kind of virtual identity. However there are some limitations for what the virtual identity should be according to 3GPP specifications. Looking at 3GPP TS 23.003 [4], an identity which is not hosted by an IMSI shall be temporary public user identity which is derived from based on the IMSI to identify the country, operator and the device using the identity. The virtual identity as the temporary public user identity is populated as:
sip:IMSI@ mnc<MNC>.mcc<MCC>.3gppnetwork.org

where IMSI contains mobile country code (MCC), mobile network code (MNC) and mobile subscription identification number (MSIN). MCC is specific for each country such as being "310" for the United States, MNC is the code for operator such as being "012" for Verizon Wireless and MSIN is a unique serial number to identify a mobile subscriber within an operator network. Thus the virtual identity in use case 2 is according to
sip:<MCC><MNC><MSIN>@ mnc<MNC>.mcc<MCC>.3gppnetwork.org

Use case 2 in annex C.4 in 3GPP TS 24.174 v1.0.0 [2] states:
A single user having one or more additional identities to use for specific usage e.g., when selling car/house during the time of advertising or as a professional number without a dedicated subscription linked to a USIM.
However, the limitation for this temporary public user identifier does not give the single user the flexibility to advertise an professional number.

Observation 2: The goal of use case 2 for professional advertising in annex C.4 in 3GPP TS 24.174 v1.0.0 [2] cannot be fulfilled if the virtual identity is to be used by contact IMPI1 for IMS registration. Therefore use case 2 in that annex should be removed.

Conclusion 2:. Virtual identity is an identity that is not used by an IMS registration and therefore is not associated with any IMSI. The virtual identity is used by a single user or by several users having IMS subscriptions in the same or different IMS networks.

3. Conclusions
According to the observations and conclusions above which are:

Observation 1: The configuration for use case 1 in annex C.2 in 3GPP TS 24.174 v1.0.0 [2] mistakenly introduces transparent data for service profile IMPU2 in order for contact IMP1 to use where contact IMP1 cannot use service profile IMPU1. Configuration in figure 2 shall therefore replace configuration in figure 1
Conclusion 1:. Alternative identity is an identity used by a UE for IMS registration within an IMS subscription, while this identity is not associated with the UE's IMSI but is associated with another UE's IMSI within the same IMS subscription.

Observation 2: The goal of use case 2 for professional advertising in annex C.4 in 3GPP TS 24.174 v1.0.0 [2] cannot be fulfilled if the virtual identity is to be used by contact IMPI1 for IMS registration. Therefore use case 2 in that annex should be removed.

Conclusion 2:. Virtual identity is an identity that is not used by an IMS registration and therefore is not associated with any IMSI. The virtual identity is used by a single user or by several users having IMS subscriptions in the same or different IMS networks.

the current text in 3GPP TS 24.174 need to be modified and this is an essential modification which should go back to rel-16. Please, see C1-210738 and C1-210743 for release 16 and 17 CRs.
Abbreviations

AS

Application Server

HSS

Home Subscriber Server

IMPI

IP Multimedia Private Identity
IMPU

IP Multimedia Public Identity
IMS

IP Multimedia Subsystem
IMSI

International Mobile Subscription Number

ISIM

IP Multimedia Services Identity Module
MCC

Mobile Country Code

MNC

Mobile Network Code

MSIN

Mobile Subscription Identification Number
S-CSCF

Serving Call Session Control Function
USIM

Universal Subscriber Identity Module
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