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1
Introduction
It has been agreed that UE capability signaling of a UE’s maximum number of supported CSI processes, NCSI, is performed per band per band combination.  The flexibility supported by such capability signaling is important from a UE implementation perspective, as it enables the signaling of different NCSI values for different bands in the band combination.  
2
Discussion
UE capability signaling that is performed per band per band combination allows the signaling of multiple capabilities for the same band combination.  This is useful in scenarios where the UE seeks to indicate that it supports a higher capability on any one of a number of bands, but not on multiple of these bands simultaneously.  For example, the UE may indicate: 
	· SupportedBandCombination_1:  Band_X with NCSI=4 + Band_Y with NCSI=1 

· SupportedBandCombination_2:  Band_X with NCSI=1 + Band_Y with NCSI=4 
	(Example 1)


The above signaling indicates to the network that the UE is able to handle 4 CSI processes on either Band X or Band Y in this band combination but not on both.  Upon receiving the signaling, the network may configure the UE with up to 4 CSI processes on one band and at most 1 on the other.  There is no explicit double handshake that informs the UE whether SupportedBandCombianation_1 or SupportedBandCombination_2 was selected.  Nonetheless, in this example, there is no ambiguity.  Figure 1 illustrates this case graphically. 
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Figure 1: UE capability signalling example (Example 1). 
The lack of explicitly informing the UE which of the multiple UE capability instances was selected does, however, create ambiguity in some corner cases.  For example, consider the following variation of Example 1: 

	· SupportedBandCombination_1:  Band_X with NCSI=4 + Band_Y with NCSI=3 

· SupportedBandCombination_2:  Band_X with NCSI=3 + Band_Y with NCSI=4 
	(Example 2)


The use case of Example 2 is again to support a higher number of CSI processes on one of the bands in the band combination but not on both.  However, ambiguity may occur in Example 2 for some eNodeB configurations as the UE parameter related to the CSI processing relaxation, Nx, depends on both the signaled UE capability and the number of configured CSI processes.  

As a concrete example, consider the scenario in which the network configures two CCs, one on Band X and one on Band Y, with 3 CSI processes each (cf. Figure 2).  In this case, with reference to Table 1, it is ambiguous to the UE which of the two CCs would support NCSI=4 and which would support NCSI=3.  The UE only knows that one of the CCs should have NCSI=3 and the other NCSI=4 but is not clear which one.  This creates ambiguity because the CSI processing relaxation parameter, Nx, depends on it. 
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Figure 2: UE capability signalling example (Example 2).
The ambiguity introduced by signaling multiple UE capabilities per band per band combination is limited to several corner cases, such as Example 2.  In most cases, even when multiple UE capabilities for the same band combination are transmitted, the eNodeB configuration will determine without ambiguity what timeline parameters to use.  For example, in Example 2, if the eNodeB configured one of the CCs with four CSI processes, the ambiguity would be resolved. 
Table 1: Determination of CSI feedback relaxation parameters in TM10.

	UE capability 
	# configured CSI processes 
	FDD
	TDD

	
	
	Timeline parameter 
	Triggering budget 
	Timeline parameter 
	Triggering budget 

	1
	1
	4
	n/a
	4
	n/a

	3
	1
	4
	n/a
	4
	n/a

	
	2 or 3
	5
	3
	4
	3

	4
	1
	4
	n/a
	4
	n/a

	
	2 or 3
	5
	4
	4
	3

	
	4
	5
	4
	5
	4


The few cases in which ambiguity does remain, such as Example 2 with 2 or 3 CSI processes configured per CC, could be resolved in a number of ways.  In the previous meeting, we proposed to make the more conservative assumption of NCSI for both configured CCs.  In Example 2, this would correspond to assuming the minimum NCSI number (NCSI=3 in this case) on both component carriers when configured with 2 or 3 CSI processes.  A UE which transmitted the UE capability instances of Example 2 would surely be able to handle this minimum number and the ambiguity is therefore removed.  

A different approach – that nonetheless leads to a similar system behavior – was proposed during a brief online discussion at the last meeting.  The UE should be allowed to select any NCSI value that is consistent with the UE capability signaling (sent from the UE to the network) and the CSI process configuration (received by the UE from the network).  In ambiguous scenarios where multiple such values exist, the UE should be allowed to select any one of them.  Interestingly, although this UE behavior differs from our original proposal, both approaches lead to similar system behavior.  The network, in the latter approach, is unaware of which of these combinations was selected by the UE and therefore needs to perform its CSI triggering such as not to exceed the limit under any of the possible configurations.  This leads to the same system behavior as in the original proposal except that the minimum number is not selected by the UE but by the network.  From a standardization perspective, the latter approach is simpler as the network behavior need not be incorporated into the specification. 

We are open to adopting the latter approach and have prepared a draft CR in [1] that corresponds to it.  What seems essential in our view, is that some clarification be incorporated into the specification.  Without it, other UE behaviors could erroneously be inferred from the specification, including cases in which the UE interprets such scenarios as error cases.  The clarification in the specification can quite simply point out that the UE is free to select any of the ambiguous interpretations whenever they occur.  No additional changes seem necessary. 
Resolving the ambiguous UE capability signaling as noted above is consistent with the way RAN1 has handled similar issues in the past.  As recent as the last meeting, RAN1 decided – after extensive discussions – to fix a similar issue pertaining to ambiguous RI bitwidth determination [2].  It only seems consistent to follow a similar approach for the present issue. 
3
Conclusion
In conclusion, we propose the following approach for resolving ambiguous UE capability signaling: 
· Agree on the draft CR in [1] to resolve the issue of ambiguous UE capability signaling. 
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