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1 Introduction
During discussion on flexible MIMO/CSI capability for intra-band contiguous CA, two issues were brought up but companies seem to have different understanding/view regarding intra-band non-contiguous CA signaling. Therefore, we would like to discuss in this document. 
2 Issue #1: RI bit width calculation and Kc determination
During discussion on the flexible MIMO/CSI capability, it was also pointed out that there is ambiguity in determining RI bit width in case of intra-band non-contiguous CA. 

As described in TS36.212, RI bit width is calculated based on the maximum of the reported UE downlink MIMO capabilities for the same band. 
	If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the configured number of CSI-RS ports and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.


Furthermore, Kc value is also calculated based on the number of MIMO layers for DL cell. 
	elseif Nsoft = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell, 
KC  = 2

else 

KC  = 1

End if.


In case of intra-band non-contiguous CA, although multiple carriers are aggregated in the same band, it is indicated with multiple bands in band combination signaling. Therefore, since supportedMIMO-CapabilityDL-r10 is indicated per band, the UE is allowed to support different MIMO capability per carrier in intra-band non-contiguous CA. 
When the UE supports different MIMO capability, it is noticed that the current specification is not so clear how to determine RI bit width and soft buffer size assuming that there is no order of bands in band combination signaling (more details in Section 3). 
During offline discusion, two different interpretations were identified especially depending on the interpretation of “the same band” .  
For easy explanation, let us assume that the UE supports 4 layers and 2 layers in each carrier when the UE supports 2 carriers in intra-band non-contiguous CA (e.g. CA_1A_1A). 

· Interpretation #1: the band is referred to the actual frequency band. 
· The maximum of the reported UE downlink MIMO capability is 4 layers. However, it implies that the UE should use RI bit width as 2bits to support 4 layers.  Although there is no ambiguity in RI bit width calculation, it is not clear if it is desirable operation. First, the eNB does not know MIMO capability in each carrier until the UE reports. Second, the UE should limit the number of rank in RI reporting to 2 layers although RI bit width is 2 bits, i.e. 1 bit is always wasted. If one of carriers supports 8 layers, while the other carrier supports 2 layer, 2 bits are wasted. 
· Assuming we introduce the additional MIMO flexibility, the way of RI bit width is same in intra-band contiguous CA and inter-band non-contiguous CA i.e. it is based on MIMO capability per carrier. However, if we go with interpretation #1, RI bit width of multiple carriers is based on per band, therefore, different mechanism is used only for intra-band non-contiguous CA. It would be unnecessary complexity in UE implementation because the UE should apply different RI bit width per carrier depending on whether it is intra-band contiguous/inter-band CA or intra-band non-contiguous CA. 

· This interpretation is not applicable for Kc determination because it is based “a maximum of two spatial layers for the DL cell” clearly. If we go with the interpretation #1, the Kc determination should be modified that it is determined based on the maximum MIMO layers in the maximum of the reported UE downlink MIMO capabilities across the bands in the band combination in case of intra-band non-contiguous CA. However, it is also questionable whether it is desirable considering that the UE should use the increased soft buffer size although it will not be scheduled with more than 2 MIMO layers. 
· Interpretation #2: the band is referred to the band in the band combination signaling. 
· The maximum of the reported UE downlink MIMO capability is either 4 layers or 2 layers. In this case, there is ambiguity because the eNB does not know which MIMO capability is mapped to PCell or SCell. 
· The same ambiguity occurs because the eNB does not know exact assumption on the MIMO layer in UE side. 

· One way to resolve this ambiguity is for the eNB to configure the maximum MIMO layer that eNB assume. Although it should be approved, the majority’s view is to introduce an explicit signaling for intra-band contiguous CA when the UE supports additional MIMO capability per carrier in intra-band contiguous CA. It means that at least, for Rel-12, there is no need to introduce a new explicit signaling for intra-band non-contiguous CA. 
Proposal 1: RAN2 discuss which interpretation is correct interpretation.  If there is no consensus, RAN2 should send an LS to RAN1 to provide which interpretation is more reasonable. 

Proposal 2: If the interpretation #2 is correct, RAN2 discuss whether the explicit signaling can be applicable in case of intra-band non-contiguous CA as well as intra-band contiguous CA. 
3 Issue #2: intra-band non-contiguous CA 

One related issue is about the interpretation of intra-band non-contiguous CA. It was pointed out that it is not clear whether there is any meaning to the frequency order in band combination signaling for intra-band non-contiguous CA. 

Basically, there is no description of the order in bands in band combination signaling in the specification. It means that the UE supporting CA_1A-3A can indicate band combination with (band=1A, band=3A) or (band=3A, band=1A) and these both have the same meaning to the eNB.. 

We suppose that the same rule is applied for intra-band non-contiguous CA. Therefore, the UE supporting CA_41A-41C should support CA_41C-41A because these cases are not distinguishable in band combination signaling. 
However, it was pointed out that RAN4 has two different entries for CA_41A-41C and CA_41C-41A in TS36.101. 

Table 5.6A.1-3: E-UTRA CA configurations and bandwidth combination sets defined for non-contiguous intra-band CA (with two sub-blocks)

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRACA configuration
	Uplink CA configurations (NOTE 1)
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set
	uplink CA capability

	
	
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	
	
	

	CA_2A-2A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	0
	No

	CA_3A-3A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	0
	No

	CA_4A-4A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	0
	Yes

	CA_7A-7A
	-
	5
	15
	
	40
	0
	No

	
	
	10
	10, 15
	
	
	
	

	
	
	15
	15, 20
	
	
	
	

	
	
	20
	20
	
	
	
	

	CA_23A-23A
	-
	5
	10
	
	15
	0
	No

	CA_25A-25A
	-
	5, 10
	5, 10
	
	20
	0
	No

	
	
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	1
	No

	CA_41A-41A
	-
	10, 15, 20
	10, 15, 20
	
	40
	0
	No

	
	
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	1
	No

	CA_41A-41C
	-
	5, 10, 15, 20
	See Table 5.6A.1-1
	60
	0
	No

	CA_41C-41A
	-
	See Table 5.6A.1-1
	5, 10, 15, 20
	60
	0
	No

	CA_42A-42A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	0
	No

	NOTE 1: 
Uplink CA configurations are the configurations supported by the present release of specifications.


From our understanding, the main reason RAN4 distinguishes CA_41A-41C and CA_41C-41A is mainly editorial purpose to refer bandwidth combination set for 41C in the Table 5.6A.1-1. In addition, from UE implementation point of view, there is no critical different to support the bandwidth combination set defined for CA_41A-41C and CA_41C-41A. 
In addition, if we distinguish the frequency order of bands in the band combination, it may increase the number of band combinations to be signaled. Although the current number of intra-band non-contiguous CA is relatively small, it may be problematic in the future when more combinations are introduced. 
Proposal 3: RAN2 confirms that there is no frequency order in band combination signaling for intra-band non-contiguous CA. 

Proposal 4: RAN2 sends LS to RAN4 to clarify RAN4 specification that the UE supporting CA_41A-41C should also support CA_41C-41A. 
4 Conclusion
Proposal 1: RAN2 discuss which interpretation is correct interpretation.  If there is no consensus, RAN2 should send an LS to RAN1 to provide which interpretation is more reasonable. 

Proposal 2: If the interpretation #2 is correct, RAN2 discuss whether the explicit signaling can be applicable in case of intra-band non-contiguous CA as well as intra-band contiguous CA. 

Proposal 3: RAN2 confirms that there is no frequency order in band combination signaling for intra-band non-contiguous CA. 

Proposal 4: RAN2 sends LS to RAN4 to clarify RAN4 specification that the UE supporting CA_41A-41C should also support CA_41C-41A. 
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