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Introduction

This document provides comments on one aspect of alternative D in TR 23.899, namely the exchange of radio capabilities during CS signalling. 

Discussion

The existing texts needs clarification on when the radio capability exchange procedure should be used. As most of the CS capable UEs in a network will not support CSI in the early phase of CSI, it may not make sense to initiate a radio capability exchange at every CS call.
Indeed, assume a user from CSI capable mobile UE A calls another mobile phone user at UE B. During call set-up UE A initiates the radio capability exchange. UE B answers the call, but does not reply to the capability exchange. What should UE A do? 

UE A can conclude that UE B does not support CSI. However, this does by no means imply that UE B does not support IMS. Thus it could still make sense to initiate an IMS session (or an OPTIONS request) to UE B. For example, UE B could be an IMS Release 5 UE in UTRAN coverage and thus be ready for a parallel IMS session during the voice call. Thus it would be the wrong conclusion if UE A assumed that it should not establish parallel IMS communication towards UE B.

The Annex calculates details in a in a strongly simplified model. There are lots of simplifications in the model, however the message that can be derived from it seems clear: as long as there are few CSI mobiles, the probability that the other party supports the capability exchange is low. Once CSI becomes more widespread, also DTM and UMTS coverage will be, and the gain of a capability exchange with every call over a try-and-error mechanism is limited.

However, the situation is different if UE A has cached terminal capability information from UE B. If UE A is in DTM or UTRAN coverage, UE A can detect whether UE B is as well and then offer the combinational capabilities to the user on the MMI. If UE A is not in DTM or UTRAN coverage, the CS radio capability exchange provides a means to inform UE B (which may also have information cached about UE A terminal capabilities). 
Conclusion and Proposal
There is a need to clarify the role of the radio capability exchange at CS call set-up. The following changes are proposed to TR 23.899 (based on version 0.4.0).
*** BEGIN OF PROPOSED CHANGES ***

6.4

Alternative D

6.4.1
Exchange of capability information “at” CS call setup

Exchanging terminal capabilities and user preferences for combinational services is useless or impossible if either party doesn’t currently have access to the required radio capabilities. As an optional optimisation, the following end-to-end radio capability information exchange procedure in CS signalling may be executed prior to the SIP based terminal capabilities information exchange procedure. The radio capability information exchange procedure may indicate that a combinational service is not possible, but the combinational services as such shall not be affected by the execution or result of this optional procedure. The use of the radio capability information exchange procedure is particularly recommended, if UE-A has cached information on UE-Bs terminal capabilities. 
Note: There will exist UEs, which do not support the radio capability exchange procedure, but do support parallel CS calls and IMS sessions, e.g. Rel-5 IMS-capable UMTS UEs. Thus lack of an answer in the radio capability exchange procedure does not imply that the remote UE cannot handle a parallel IMS session or the SIP based capability exchange.
The first sequence diagram outlines the exchange of current radio capabilities, e.g. “DTM cell”, at CS call setup. The key element of this capability exchange is the use of the “subaddress” fields to encode the information, see section 7.3. for examples of this information. The diagram shows only an example of actual messages that can be used to transport this information. For this procedure to be successful, the “subaddress” fields must be handled transparently by the network.

Editor’s note: the use of subaddress specifically is ffs.
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Figure 6.4.1-1:
Exchange of current radio capability information “at” CS call setup
The following sequence diagram outlines the exchange of terminal capability and user preference information “at” CS call setup. The use of the SIP OPTIONS request minimizes the amount of network signalling and resource usage as well as the number of failed INVITE requests. It also allows an up-to-date indication to the user which capabilities he could add to the ongoing call.
The execution of this OPTIONS request procedure is RECOMMENDED when UE-A’s cache doesn’t contain up-to-date information for UE‑B. 
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Figure 6.4.1-2:
Exchange of supported capabilities “at” CS call set-up
Note: See Section 7 for considerations on the SIP message to be used for this exchange.

*** END OF PROPOSED CHANGES ***

ANNEX: A simple model

Assume a simple model, where the fraction of mobiles in DTM or UMTS radio coverage is p, and the fraction of CSI capable mobile is q, with 0 < p < 1 and 0 < q < 1. In this model a CSI capable mobile is a mobile, which supports at least DTM and or UMTS, and supports CS, IMS (in parallel) and the radio capability exchange during CS signalling. (In the simplified model we do not consider caching etc, but assume that OPTIONS are sent after call set-up unless radio capability negotiation showed that this is useless).

1. Then the first interesting number is the fraction of answered radio capability exchanges. These depend just on the CSI capability of the remote UE, so this number equals q. From these, p*q will indicate that they are currently in a DTM/UTRAN cell, while (1-p)*q will indicate that they are not. Based on the rational above, these (1-p)*q is the important fraction of calls, as this is the fraction of OPTIONS requests, which can be avoided by the CS based radio capability negotiation. 

2. As a second step, let us calculate the load, which such "not-necessary" OPTIONS messages would cause for the network. Obviously, this needs to be calculated only for cells, where there is DTM/UTRAN coverage. This now depends on the fraction of CSI capable mobiles and the factor from the first step, and equals [(1-p)*q]*q= (1-p)* q².

Let us calculate some arbitrary but hopefully somewhat realistic examples:

In an early phase where DTM/UMTS coverage is 30 percent and 5 percent of the mobiles are CSI capable, we have p = 0,3 and q = 0,05, which results in (1-p) * q² = 0,00075. In other words, for about 7 or 8 of 10 000 calls in a DTM or UTRAN cell the radio capability exchange has prevented an OPTIONS message.

In a later phase DTM/UMTS coverage may have reached 50 percent and 10 percent of the mobiles are CSI capable, then p = 0,5 and q = 0,1, which results in (1-p) *q² = 0,005. In other words, for 5 out of 1000 calls in a DTM or UTRAN cell the radio capability exchange has prevented an OPTIONS message.

Even later DTM/UMTS coverage may have reached 80 percent and 25 percent of the mobiles are CSI capable, then p = 0,8 and q = 0,25, which results in (1-p)* q² = 0,0125. In other words, for a little bit more than 1 percent of all calls in a DTM or UTRAN cell the radio capability exchange has prevented an OPTIONS message.

Finally, when DTM/UMTS coverage reaches 96 percent of all mobiles and 50 percent of all mobiles are CSI capable, then p = 0,95 and q = 0,5, which results in (1-p) * q² = 0,0125. Again, for a little bit more than 1 percent of all calls in a DTM or UTRAN cell the radio capability exchange has prevented an OPTIONS message.

Of course there could be examples, which look different, e.g. with p = 0,2 and q = 0,5. Then (1-p)*q² = 0,20, which means 20 percent of the calls in a DTM or UTRAN cell. But note that such a scenario means that every second user has a CSI capable phone, but 80 percent of them are in areas where they cannot use CSI - certainly not a good rollout scenario for the success of CSI!

In summary, only for a relatively small fraction call the capability exchange can avoid that an OPTIONS request is sent towards a UE, which is not able to receive it due to lack of adequate radio coverage.

There are lots of simplifications in the model, however the message that can be derived from it seems clear: as long as there are few CSI mobiles, the probability that the other party supports the capability exchange is low. Once CSI becomes more widespread, also DTM and UMTS coverage will be, and the gain of a capability exchange with every call over a try-and-error mechanism is limited.
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