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1. Introduction

The possibility for adapting the UE capability to the demands of several services in parallel, mainly for MBMS, was discussed in [1]. According to [1], the UE engaged in MBMS reception would be able to signal a change of capabilities, i.e. downgrade them, in order to allow cheap UE implementations that share resources for MBMS reception and for DCH/HSDPA reception.

We would like to discuss the following:

· UE capability reporting in different releases

· how can we allow UE implementation to share resources between features

· change of UE capabilities and  legacy UTRAN
· the useful use cases for change of UE capabilities
· the impacts of such UE behaviour in UTRAN (on Node-B scheduler, and on RRM)
In conclusion, we propose a way forward for the current discussion.
2. UE capability reporting

According to 25.331 (all releases) 8.6.1.2, 

The UE shall initiate the UE capability update procedure in the following situations:

1>
the UE receives a UE CAPABILITY ENQUIRY message from the UTRAN;

1>
while in connected mode the UE capabilities change compared to those stored in the variable UE_CAPABILITY_TRANSFERRED.
So the UE in connected mode may initiate the sending of a UE CAPABILITY INFORMATION message, if the UE capabilities change.

2.1. Change of capabilities in R99

In R99, we have not identified that any UE capability could possibly change.

While a handset user could possibly modify settings such as “3G/GSM” vs. “3G only”, or “UMTS band I” vs. “UMTS band IV”, it is likely that this occurs when the user is not connected, hence different UE capabilities are unlikely to be transmitted.
2.2. Rel-5

In Rel-5, when HS-DSCH is allocated, UE capability for DCH reception can be affected. However, this has been added as a UE capability ‘DL DPCH capability with simultaneous HS-DSCH, so that the UTRAN has full knowledge to properly allocate HS-DSCH and DCH channels.

So there is no reason for UE capabilities to change.
2.3. Rel-6

In Rel-6, the following features were introduced:

· the UE plugged in and out on power may  think it should change its ‘Device Type’, i.e. indicate that it ‘DoesNotBenefitFromBatteryConsumptionOptimisation’. However, the indication of ‘Device Type’  is purely for optimisation, depending on UTRAN implementations there may be no gain possible using this information. Also, according to discussions in RAN2, the intended use case of ‘Device Type’ is for PC cards vs. handsets, whether or not they are plugged on power. And in general, users plug in their handset when running out of battery (or to avoid that) and leave them on the table, so the UE is not connected.

· the MBMS UE does not indicate MBMS capability, it is completely silent on its MBMS activity while idle. 

When connected, as the UE resources used for MBMS reception are similar to these used for HSDPA, a MBMS and HSDPA capable UE may wish to share physical resources between MBMS and HSDPA. But then, the HSDPA UE should be considered as not capable of MBMS ptm reception while in CELL_DCH state, i.e. the UE will apply the prioritisation procedure in case of conflict between MBMS reception and other services.

2.4. Rel-7

In Rel-7, the following main new features were introduced
· discontinuous uplink DPCCH transmission for CELL_DCH UE with E-DCH/HS-DSCH

· DRX for CELL_DCH UE with E-DCH/HS-DSCH

· E-DCH start time restrictions

· HS-SCCH less transmission

· Improved L2 for high data rates (MAC-ehs & flexible RLC PDU size in downlink)

· Enhanced CELL_FACH / enhanced CELL_PCH & URA_PCH

· Higher order modulation in uplink (16QAM) and downlink (64QAM) and MIMO (downlink)

· MBMS physical layer enhancements
It was decided to introduce new capabilities for all these features, except MBMS.  However, there was no discussion on possibly conflict in UE implementations between certain features, e.g. 16QAM uplink  or 64QAM downlink and discontinuous uplink DPCCH transmission, where some restriction may occur if simultaneously configured.
3.  How can we share UE resources between features ?
3.1. Simultaneous UE capabilities

In Rel-5/Rel-6, the sharing of UE resources between features can be done using the “simultaneous” capabilities. This ensures that the network never tries to request a  physical and transport channel configuration that the UE would not support.
For network vendors, it is well specified what are the restrictions in terms of parallel allocation of resources for one UE,

· many UE types, 
network can’t reject capability, it has to deal with it

· per UE type implementation
networks can prepare how to handle all types of UEs for all types of services

· RRM / deployment follows UE population
capability is slowly evolving in the network, i.e. network may have specific strategies according to UE population, or deployment may be optimised 

For UE vendors, it means that:

· no flexibility beyond specifications
no possibility for further sharing of resources than what is specified, what the UE must do is fully specified, 

· successful optimisations
 UE can be sure that sharing of resources specified in the specification will be supported by the network implementation, and that.

3.2. Change of UE capabilities for ongoing services
In this case, the situation is rather different, because nothing is specified, i.e. in theory, almost all changes of capabilities are allowed, i.e. UE may remove/add support of any optional feature at any time.

For UTRAN vendors it means:

· possibility to not accept certain changes (FFS)
network may always reject certain changes if they don’t want to support them

· network must react to highly variable / unexpected UE behaviour
change of UE capabilities may affect the UE or the UTRAN in an unexpected way

· change may conflict with active service (e.g. 1 Mbps video streaming without HSDPA or high bit rate DCH)

· change may affect resource management in the UTRAN (e.g. no more RFC3095 for a VoIP call , no more HSDPA)
· change at MBMS services start may occur for many UEs simultaneously
· network can not prepare/optimise for every type of change
as it is not possible to know what will change

· network capacity can degrade if may simultaneous changes from different UEs
network is forced to reject changes (if allowed) or have different reactions towards different UEs, congestion may occur
For UE vendors, it means:

· full flexibility of implementation
UEs may try to share resources between any optional feature, based on current service preferences

· implementations may never work successfully
UE can not know what will be network reaction to the change:

· network may tear down a service

· network may unexpectedly degrade service that is preferred by user

· if allowed to do so, network may reject the change

In other words, a non-specified UE optimisation seems hazardous.

3.3. Proposal
Therefore, we propose that, in order to allow sharing of physical resources in UE implementations:
· for operation of each optional Rel-5/Rel-6/Rel-7 feature for which the UE capability IS signalled to the network
· it is specified in 25.306 & 25.331 that UE shall  not signal downgraded capabilities in order to perform simultaneous operation of these features and other features (mandatory or optional)

· RAN2 discuss the introduction of UE capabilities for simultaneous operation of Rel-5/Rel-6/Rel-7 features that could be beneficial for cheaper UE implementations
· for operation of each optional Rel-5/Rel-6/Rel-7 features for which the UE capability IS NOT signalled to the network

· in 25.331 & 25.306, in the procedures that describes the operation of this feature, it is specified WHEN and UPON WHAT CONDITION the UE may signal downgraded capabilities for another feature, what UE capability may be downgraded, and possibly restrictions in the allowed values for the new UE capability after the change
· Also, in order to avoid unnecessary UE and UTRAN complexity:

· the procedure uses the normal UE Capability Information procedure is used and the network will take into account the new capabilities at the next reconfiguration message (i.e. no time relation between two procedures, no explicit reject)

· if the UE can not perform simultaneous operation of several features as it would like, UE shall not start simultaneous operation until the reconfiguration is received.
· if the UE can not continue operation of already active services, UE shall prioritise and deactivate certain services. Details are specified in each particular case.
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Figure 1: Change of UE capabilities
· To prevent congestions, network may signal (dedicated or broadcast) an indication that certain triggers for change are not allowed

· RAN2 discusses the introduction of triggers that allow UEs to signal downgraded capabilities when it wants to operate simultaneously a Rel-5/Rel-6/Rel-7 features for which no UE capability is signalled

4. Interactions with legacy UTRAN
In earlier releases, as the change of UE capabilities was envisaged as a change of physical device properties, such a change would normally not occur for connected UEs, i.e. UTRAN was not aware of such a change.

In general, discussions have shown at least two possible behaviours of legacy UTRAN implementations upon receiving unsolicited UE CAPABILITY INFORMATION message:

· UTRAN replies with UE CAPABILITY INFORMATION CONFIRM message and store the new UE capabilities

· UTRAN replies with UE CAPABILITY INFORMATION CONFIRM message and store the new UE capabilities

So the UE sending an unsolicited UE CAPABILITY INFORMATION message to a legacy UTRAN can no reliably know which capabilities are effectively considered as valid by the UTRAN, which makes this procedure unusable.

Therefore, UE should only send an unsolicited UE CAPABILITY INFORMATION message to UTRAN indicating support for this procedure.

5. Main interest cases

The main interest case identified is ptm MBMS reception, which is taking some resources from the UE while the UTRAN is not aware of this.

We can see the following scenarios:

1. UE is idle, MBMS ptm reception is ongoing

· UE is paged / user wants to initiate a service

· UE initiates RRC connection / responds and indicate no HSDPA support

· PS/CS service is started

· later on MBMS reception ends (user no more interested / end of session / out of MBMS area)

· UE initiates changes of UE capabilities (with HSDPA)
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Figure 2: UE initiates service during MBMS ptm reception, later, MBMS reception ends

2. UE is connected, UE has PS RAB on HSDPA

· MBMS ptm service is announced, user is interested

· UE initiates changes of UE capabilities (no HSDPA supported), user is waiting

· UTRAN sends reconfiguration (DCH), UE can start MBMS ptm reception


[image: image3]
Figure 3: UE is in PS service on HSDPA, MBMS service is notified

While in scenario 1, no problem can occur, in scenario 2, if the considered MBMS service is very popular, there can be the following problems:
· congestion on RACH from CELL_FACH / CELL_PCH / URA_PCH UEs sending UE CAPABILITY INFORMATION simultaneously
· cell capacity decrease due to a large population of CELL_DCH UEs that become not HSDPA capable
Therefore, we would like that UTRAN have the possibility to disallow a change of UE capabilities initiated by UE that wish to start receiving a particular MBMS service.

In this case, the UTRAN may, e.g. after counting, decide to allow or disallow UEs to signal a change of capabilities to receive an MBMS service. This information could be carried e.g. on MCCH, as an extension of MBMS MODIFIED SERVICES INFORMATION.

In this case UE shall check that:

· UTRAN supports the procedure

· UTRAN allows the procedure for the simultaneous MBMS ptm reception and dedicated services reception

6. Conclusion

We have provided an analysis of principle of definitions of UE capabilities, what are the alternatives in order to allow resource sharing between UMTS for cheap UE implementations, what are the impacts towards legacy UTRAN, and what is the main use case.

We propose that:

· RAN2 discuss the possibility to define new UE capabilities for simultaneous operation of UMTS features

· RAN2 agrees to restrict change of UE capabilities for ongoing service to specific cases when capabilities for simultaneous operation can not be used

· RAN2 decide on an efficient procedure with minimum UE & UTRAN impact (as proposed in 3.2)

· RAN2 agrees on a mechanism so that UEs do not attempt to signal a change of UE capabilities if the UTRAN does not signal explicit support for this mechanism

· RAN2 agrees on a mechanism to avoid congestion/cell capacity decrease at MBMS service start
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