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1.  Introduction 
This document considers some issues which may arise concerning the capabilities of terminals with multiple transceivers, in particular in the context of carrier aggregation.
2.  Discussion

In the current releases of LTE, if UE capabilities change, then according to 23.401, the UE is required to detach and re-attach to the network. This is compatible with the assumption that UE capabilities might possibly change, but only rarely.

In Release 8 and 9, in 36.306, it is recognised that UEs may be able to transmit and receive on multiple bands simultaneously, but using different radio technologies, for example HRPD or 1XRTT. However this is assumed to be independent of any capability for LTE operation. Again, this is compatible with the assumption of static UE capabilities.   

The introduction of inter-band carrier aggregation in Release 10 suggests that at least some UEs would be capable of receiving data (and possibly transmitting) simultaneously in different bands, and that this would typically be achieved by the use of multiple independent radio transceivers, each capable of operating in multiple frequency bands. Given that a typical UE is likely to have a defined number of multi-band transceivers, together with a defined baseband processing capability, then such resources might be used for LTE CA, or support of another RTT (i.e. HRPD or 1XRTT), but not both at the same time. A similar argument may apply to reception of MBMS. For example a UE with two receivers may operate with LTE CA, or alternatively use one receiver for MBMS on one carrier and another to simultaneously receive unicast data on a different carrier. Depending on the UE architecture, a given flexible hardware platform might also be able to simultaneously support other radio technologies than those mentioned, but that is probably outside the scope of the current discussion for 3GPP.      
Considering the above points, the number of frequency bands and total data rate that a Release 10 UE can process in the context of CA may depend on other concurrent transmission/reception activities (which could also be within the scope of 3GPP specifications). Therefore, in order to avoid interruption of data flow, it would be desirable that at least some UE capabilities can change dynamically without needing to detach and re-attach from the network. Some possibilities are:-

1. No action: In this case UEs which are configured for CA but use some of their transceiver/baseband processing for other activities (e.g. MBMS) may be granted UL/DL resources which are effectively wasted.  
2. Forbid dynamic capability changes: This implies setting requirements and testing, e.g. that a UE showing this capability set can operate at full rate with carrier aggregation, while simultaneously receiving other RTTs and/or MBMS. The disadvantage of this approach is that it would require that all UEs supporting both CA and other RTTs/MBMS should be over-dimensioned to allow for full simultaneous operation.      
3. Dynamic capabilities recognised in the specification: In limited cases (e.g. CA) the UE may be permitted to dynamically reduce its some of its capabilities (e.g. number of carriers and bit rate) to a lower value than indicated by its Category. However, the network would need to be able to identify when this occurs, which is likely to be inefficient.   

4. Dynamic capability flag: A radio access capability parameter could indicate the possibility that the UE may reduce its capabilities. This suffers from the same disadvantages as option 3, but at least the network is aware of which UEs may exhibit this behaviour.
5. Implicit indication of dynamic capability: The network could assume the possibility of reduced capability for any UE indicating support of other RTTs or MBMS (assuming MBMS capability is explicitly signalled). This is similar to 4, but requires no new signalling. However, it may lead to some degradation in performance for UEs which can support full simultaneous operation, but where this is not recognised by the network.   
6. Dynamic capability signalling: The UE can indicate dynamically a reduced capability (e.g. a smaller number of carriers supported in CA and a lower total data rate). We note that the set of UE categories may be too small to allow the desired result by signalling a new category. For example, signalling a lower category may imply support for fewer layers, which may be an unnecessary restriction. In any case the signalling load would be quite small.
3. Conclusions
Considering the above discussion we conclude that UEs supporting both carrier aggregation in LTE and MBMS or another RTT may benefit from the possibility of dynamic capability in terms of number of carriers and total data rate. This would allow a UE to use multiple transceivers and defined baseband processing resources in a flexible manner. Considering the various options, provision of dynamic signaling for a limited set of UE capabilities appears promising.   









