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1. Introduction
In last meeting RAN2 has agreed that the extended MIMO signalling in bandcombination IE indicates true MIMO capabilities [1]. For the MIMO capability indicated in UE category table, whether it is the maximum or the minimum capability, it still needs to be discussed.
This contribution gives our understanding on the MIMO capability indicated in UE category.
2. Discussion
2.1. Category 1-5
In Rel-8, the DL MIMO capability indicated in UE category is applied for all bands. It can be seen as minimum or maximum capability because there is just one capability. For the new band introduction is release independent, all UEs of category 1-5 should support the DL MIMO capability indicated in UE category on all new bands introduced in the future, whatever it is Rel-8 or Rel-10 UE. 
In Rel-8/9, UE could reach the peak rate with the MIMO capability indicated in UE category only in a 20M bandwidth cell, but not in the small bandwidth cell (e.g. 5M/10M BW). In Rel-10, with the introduction of enhanced MIMO and CA feature, UE could reach the peak rate in the small bandwidth cells if it supports either of the new features, and UE could give the extended MIMO capability and CA capability in Rel-10 UE capability. Hence, how to consider the relationship between the extended MIMO capability and the MIMO capability indicated in UE category, we should focus on the how can UE reach the peak rate in small bandwidth cell.
· Case 1: UE reaches the peak rate in non-CA configuration.

UE works in a 5/10M bandwidth cell and enhanced MIMO configuration. In this case, the explicit signalling MIMO capability should be higher than that indicated by UE category.
· Case 2: UE reaches the peak rate in CA configuration.

UE works in the CA configuration with more than one small bandwidth cell, e.g. two 10M cells aggregation. In this case, the explicit signalling MIMO capability would not be lower than that indicated by UE category.
Hence, the MIMO capability indicated in UE category should be regarded as the minimum MIMO capability.
Proposal 1: For the category 1-5 UE, the DL MIMO capability indicated in UE category is the minimum capability in all bands, and the explicit signalling DL MIMO capability should not be lower than it.
2.2.   Category 6/7
For new UE category 6/7, there are two DL MIMO capabilities: 2 layers and 4 layers. UE could reach the peak rate with the enhanced MIMO feature or the CA feature.
· Case 1: UE reaches the peak rate in non-CA configuration.

To reach the peak rate, Table 1 gives the cell bandwidth and the corresponding DL MIMO capability. In this case the minimum MIMO capability should be 4 layers.
Table 1
	Cell Bandwidth
	DL MIMO Capability

	20
	4 layers

	10
	8 layers


· Case 2: UE reaches the peak rate in CA configuration.

To reach the peak rate, Table 2 gives the all possible combinations with CA and MIMO configuration, and the minimum MIMO capability should be 2 layers.
Table 2

	Combination
	CA
	MIMO

	1
	2* 20M cell
	2

	2
	2*10M cell
	4

	3
	4*10M cell
	2

	4
	4*5M cell
	4

	5
	8*5M cell
	8


For the UE who only can reach the peak rate in CA configuration, if it works in non-CA configuration, the minimum UE MIMO capability would also be 2 layers, for it is possible for UE to support the CA feature by 2-RF implementation.
Hence, if category 6/7 UE wants to reach the peak rate, whatever it is by CA or non-CA case, the minimum MIMO capability should be 2 layers. 
Proposal 2: For the category 6/7 UE, the minimum DL MIMO capability is 2 layers and the explicit signalling DL MIMO capability should not be lower than it.
2.3. MIMO capability is per band or per cell?
According to RAN4 LS, the MIMO capability is per band per bandwidth, not per cell, so the FFS in [5]“[FFS if one cell or every cell in any band combination specified in supportedBandCombination shall provide the number of supported layers defined in the UE category.]” should be every cell not one cell. So according to the description in 331 CR [4], if the band combination is intra-band non-continuous aggregation, in one SupportedBandCombination IE, there would be two BandCombinationParameters IEs. If the bandwidth information is same in the two BandCombinationParameters, we think the MIMO capability should be same, because there should be only one MMO capability in the same band and same bandwidth. 

Figure 1 gives an example. BandCombination Parameters includes BandParameters-1 and BandParameter-2, if both includes the same bandEUTRA-r10 and same ca-BandwidthClassUL/DL, the supportedMIMO-CapabilityUL/DL should be same.
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Figure 1
Proposal 3: The MIMO capability should be same for all cells with the same bandwidth on the same band.
3. Conclusion
According to the presentation in section 2, our understanding on the MIMO capability is as below:
Proposal 1: For the category 1-5 UE, the DL MIMO capability indicated in UE category is the minimum capability in all bands, and the explicit signalling DL MIMO capability should not be lower than it.
Proposal 2: For the category 6/7 UE, the minimum DL MIMO capability is 2 layers and the explicit signalling DL MIMO capability should not be lower than it.
Proposal 3: The MIMO capability should be same for all cells with the same bandwidth on the same band.
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5. Annex
According the three proposals, the corresponding modification is provided as below based on [5].
4.2.3
Physical channel parameters in downlink (DL)

4.2.3.1
Maximum number of supported layers for spatial multiplexing in DL

Defines the maximum number of supported layers for spatial multiplexing per UE.
For each band and band combination specified in supportedBandCombination, the UE provides the corresponding MIMO capability. The provided MIMO capability should not be lower than that defined in the UE category, For Cat 6/7, the provided MIMO capability should not be lower than 2.  Every cell in any band combination specified in supportedBandCombination shall provide the number of supported layers defined in the UE category.
4.3.5
RF parameters

4.3.5.1
supportedBandListEUTRA
This field defines which E-UTRA radio frequency bands [6] are supported by the UE. For each band, support for either only half duplex operation, or full duplex operation is indicated. For TDD, the half duplex indication is not applicable.
4.3.5.x
supportedBandCombination
This field defines the carrier aggregation and MIMO capabilities 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 for uplink and downlink the supported CA bandwidth classes and the corresponding MIMO capabilities. 

The carrier aggregation and MIMO capabilities defined for at least one band combination shall meet the processing requirements defined by the physical layer parameter values in the UE category (i.e., maximum number of DL-SCH/UL-SCH transport block bits received/transmitted within a TTI, maximum number of bits of a DL-SCH/UL-SCH  transport block received/transmitted within a TTI, and total number of soft channel bits for downlink).
The MIMO capabilities defined in one band combination should be consistent, i.e. the MIMO capability should be same in the BandCombinationParameter with same band and same bandwidth.  
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