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1	Introduction
This contribution discusses the interpretation of UE capabilities for band combinations with intra-band non-contiguous components. In particular, we discuss how network should interpret UE capabilities for cases 
2	UE capabilities for intra-band CA band combinations
2.1	Difference of UE capabilities for intra-band contiguous and non-contiguous CA 
While inter-band CA always consists of two or more disparate frequency blocks, Intra-band CA comes in two flavors: Intra-band contiguous CA (with at least two carriers aggregated together without frequency gaps) and intra-band non-contiguous CA (with at least two carriers aggregated together so that there is a frequency gap between the aggregated carriers). And naturally, all of these options may also be combined together: A band combination may be for inter-band CA, with the band entries for one band forming intra-band contiguous and intra-band non-contiguous CA. This is depicted in Figure 1 below.
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Figure 1: Intra-band contiguous and non-contigous CA in Band A
In LTE UE capabilities, each band entry consists of a contiguous component in a band, and each band entry defines the parameters specific to that instance. If a band combination contains non-contiguous parts, each band entry may have different capabilities included. 
Observation 1: Intra-band contiguous CA capabilities are all contained within a single band entry of a band combination, while intra-band non-contiguous CA capabilities require at least two band entries.
2.2	MIMO layer capabilities for intra-band CA 
Since UE may have certain different capabilities depending on the number of intra-band carriers, Rel-12 LTE introduced the possibility for UE the support for MIMO and CSI process capabilities for each intra-band contiguous band entry as shown below.

CA-MIMO-ParametersDL-v1270 ::= SEQUENCE {
	intraBandContiguousCC-InfoList-r12			SEQUENCE (SIZE (1..maxServCell-r10)) OF IntraBandContiguousCC-Info-r12
}


IntraBandContiguousCC-Info-r12 ::= SEQUENCE {
	fourLayerTM3-TM4-perCC-r12			ENUMERATED {supported}				OPTIONAL,
	supportedMIMO-CapabilityDL-r12		MIMO-CapabilityDL-r10				OPTIONAL,
	supportedCSI-Proc-r12				ENUMERATED {n1, n3, n4}				OPTIONAL
}

	intraBandContiguousCC-InfoList
Indicates, per serving carrier of which the corresponding bandwidth class includes multiple serving carriers (i.e. bandwidth class B, C, D and so on), the maximum number of supported layers for spatial multiplexing in DL and the maximum number of CSI processes supported. The number of entries is equal to the number of component carriers in the corresponding bandwidth class. The UE shall support the setting indicated in each entry of the list regardless of the order of entries in the list.The UE shall include the field only if it supports 4-layer spatial multiplexing in transmission mode3/4 for a subset of component carriers in the corresponding bandwidth class, or if the maximum number of supported layers for at least one component carrier is higher than supportedMIMO-CapabilityDL-r10 in the corresponding bandwidth class, or if the number of CSI processes for at least one component carrier is higher than supportedCSI-Proc-r11 in the corresponding band.
This field may also be included for bandwidth class A but in such a case without including any sub-fields in IntraBandContiguousCC-Info-r12 (see NOTE 6).
	-



Notable, the list of capabilities is agnostic to the order of the carriers, i.e. in case UE supports e.g. CA_3C with (2 ,4) MIMO layers (i.e. first carrier with 2 MIMO layers and second with 4 MIMO layers), UE also always supports CA_3C with (4, 2) MIMO layers (i.e. first carrier with 4 MIMO layers and second with 2 MIMO layers). This is specified via the yellow-highlighted sentence in the above field description. 
Observation 2: For intra-band contiguous carriers, UE band combination capabilities specify that UE supports any ordering of the capabilities.
The same is not true for inter-band carrier aggregation, since each band entry is defined seeparately, nor would it often make sense given the differences in RF capabilities and obvious “ordering” of carriers arising from the way inter-band CA is defined. However, the case of intra-band non-contiguous bears further scrutiny: With intra-band non-contiguous CA, each non-contiguous block has an independent capability entry. However, it is not clear from TS36.331 whether this means that UE could still “swap” the order of the capabilities like with intra-band contiguous CA.
Observation 3: UE band combination capabilities do not clearly specify whether capabilities applicable for different carriers in case of intra-band non-contiguous behave similarly as with intra-band contiguous CA.
Finally, we note that in TS36.306, there are some statements about the supported MIMO layers for a given band combination, as shown by below excerpt from sub-clause 4.3.5.2:
4.3.5.2          supportedBandCombination
This field defines the carrier aggregation, MIMO and MBMS reception capabilities (via MBSFN or SC-PTM) supported by the UE for configurations with inter-band, intra-band non-contiguous, intra-band contiguous carrier aggregation and without carrier aggregation. For each band in a band combination the UE provides the supported CA bandwidth classes and the corresponding MIMO capabilities for downlink. The UE also has to provide the supported uplink CA bandwidth class and the corresponding MIMO capability for at least one band in the band combination. Applicability of provisioning uplink CA bandwidth class for each band in the band combinations is defined in TS 36.101 [6]. A MIMO capability applies to all carriers of a bandwidth class of a band in a band combination. For bandwidth classes that include multiple component carriers (i.e. bandwidth classes B, C, D and so on), the UE may also indicate a separate MIMO capability that applies to each individual carrier of a bandwidth class of a band in a band combination.
From this, we would note that the highlighted sentence:” A MIMO capability applies to all carriers of a bandwidth class of a band in a band combination” implies that a MIMO Layer capability provided for a band with whatever bandwidth class applies to any carrier (e.g. from the lowest to the highest carrier frequency value) of that band in the respective bandwidth class. Based no this, it can be understood that the order of the MIMO layers in a contiguous or non-contiguous band combination doesn’t matter, i.e. UE indicate (2 , 4) MIMO layers would still always support also (4, 2) MIMO layers. 
But suppose this is not the case and the MIMO capabilities would depend on carrier position. Then if UE again indicates support for (2, 4) MIMO layers in a non-contiguous CA band combination (e.g. CA_1A_1A), it would still also always support 4-layer MIMO in its Pcell since a single-carrier configuration is always a fallback of CA configuration. Hence, were the Pcell to use 4-layer MIMO and would like to add Scell, following the ordering in capabilities would mean the Pcell would also have to either reconfigure the Pcell MIMO layers to 2 when adding Scell with 4-layer MIMO configuration, or restrict to only having 2-layer MIMO in both Pcell and Scell. Obviously, neither option seems desirable, which would favor the order-agnostic capability interpretation.
Observation 4: If the MIMO capabilities are not agnostic to the order in which they are indicated for intra-band non-contigous band combinations, network may under-utilize the UE capabilities or require additional reconfigurations to utilize them fully.
2.3	BCS capabilities for intra-band non-contiguous CA 
However, in TS36.101 the ordering has some implications for the support of BCS, as shown in below excerpt from Tagel 5.6A.1-3 (with yellow highlighting added for emphasis)
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

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

	CA_1A-1A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	
	
	40
	0

	CA_2A-2A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	
	
	40
	0

	CA_3A-3A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	
	
	40
	0

	
	
	5, 10
	5, 10, 15, 20
	
	
	
	30
	1

	
	
	5
	3
	
	
	
	10
	2

	
	
	3, 5
	5
	
	
	
	
	



Observation 5: The ordering of intra-band non-contiguous entries is relevant for the support of BCS.
However, it is also obvious that MIMO layers and BCS support are quite different things, so we can’t say this can be used as an argument for the interpretation of MIMO layer capabilities. 
Observation 6: The ordering of BCS is not directly related to the MIMO capabilities.
2.4	Interpreting UE capabilities intra-band non-contiguous BCs
Finally, to make the question more practical, how should the UE indicate its capabilities if it supports order-agnostic MIMO with CA_xA_xA? Should it indicate
1) Duplicate band combination entries, each with different MIMO layer ordering (i.e. one BC with (2,4) MIMO layers and one with (4,2) MIMO layers?
OR
2) Single band combination with e.g. (4,2) MIMO layers (assuming network comprehends this applies for either ordering)?
From network viewpoint, both capabilities are valid but either has its issues: For 1), it is clear that UE supports both orderings, but does it also mean that such a UE may NOT support all orderings in case it uses 2) for some intra-band non-contiguous BC? And similarly, for 2), is it clear that this UE only supports  (4,2) and not (2,4), or does it always support both orderings if it never duplicates the BCs for any intra-band non-contiguous cases?
Observation 7: The intrepretation of UE capabilities is unclear at least in some cases for the intra-band non-contigous BCs.
Unfortunately, we have observed both types of UEs can be seen in the field. At least in some cases, both types of UEs still do support both orderings, but since this is not clear in specifications it should be clarified whether this applies also to all UEs. Therefore, we would like to clarify what the common understanding in RAN2 is with regard to this to minimize any IODT issues.
Proposal 1: RAN2 to clarify what is the common understanding on MIMO layer and CSI processing capabilities with intra-band non-contiguous CA: E.g. If UE supports (2, 4) MIMO layers with CA_xA_xA, will it also support (4, 2) MIMO layers with CA_xA_xA?
Proposal 2: Capture a clarification in TS36.331 and/or TS36.306 to ensure specifications are clear about the UE capability indications intra-band non-contiguous CA band combinations.
Proposal 3: A clarification should be introduced from early enough release (e.g. Rel-12) to ensure all UE and network implementations comprehend it in the same way.
3	Conclusion
We have discussed the capability indications for intra-band contiguous and non-contiguous band combinations, with the following observations and proposals.
Observation 1: Intra-band contiguous CA capabilities are all contained within a single band entry of a band combination, while intra-band non-contiguous CA capabilities require at least two band entries.
Observation 2: For intra-band contiguous carriers, UE band combination capabilities specify that UE supports any ordering of the capabilities.
Observation 3: UE band combination capabilities do not clearly specify whether capabilities applicable for different carriers in case of intra-band non-contiguous behave similarly as with intra-band contiguous CA.
Observation 4: If the MIMO capabilities are not agnostic to the order in which they are indicated for intra-band non-contigous band combinations, network may under-utilize the UE capabilities or require additional reconfigurations to utilize them fully.
Observation 5: The ordering of intra-band non-contiguous entries is relevant for the support of BCS.
Observation 6: The ordering of BCS is not directly related to the MIMO capabilities.
Observation 7: The intrepretation of UE capabilities is unclear at least in some cases for the intra-band non-contigous BCs.
Proposal 1: RAN2 to clarify what is the common understanding on MIMO layer and CSI processing capabilities with intra-band non-contiguous CA: E.g. If UE supports (2, 4) MIMO layers with CA_xA_xA, will it also support (4, 2) MIMO layers with CA_xA_xA?
Proposal 2: Capture a clarification in TS36.331 and/or TS36.306 to ensure specifications are clear about the UE capability indications intra-band non-contiguous CA band combinations.
Proposal 3: A clarification should be introduced from early enough release (e.g. Rel-12) to ensure all UE and network implementations comprehend it in the same way.
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