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1
Introduction
Since its definition in Rel-10, CA capability signalling has been generally tailored for inter-band combinations. In particular the per-band in the band combination dependent capabilities are applicable to all of the component carriers in the reported band.

The main difference between inter-band (or intra-band non-contiguous) and intra-band contiguous capability signalling is the lack of per CC capabilities in the band combination signalling.  The reason is that for inter-band and intra-band non-contiguous capability signalling, class A is used which maps one band to one carrier. 

With the fast growth of operator development plans for higher order CA (3+ CCs), the above limitation will become a major bottle-neck for timely product roll-out. 

In this document we discuss the limitations for contiguous CA capability signalling when it comes to the number of MIMO layers and the maximum number of CSI processes.

2
Discussion
Currently, there are two per band in the band combination capabilities defined by LTE spec, UL and DL MIMO layers and Supported CSI processes. 

Observation 1:  UE is allowed to signal different MIMO layers and supported CSI processes for inter-band and intra-band non-contiguous CA combinations. Each MIMO layer and supposed CSI process is clearly mapped to 1 component carrier. 

For example, the following is a valid combination:
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Observation 2: UE cannot signal different MIMO layers or supported CSI processes per serving cell for intra-band contiguous CA combinations. The same value would be applied to all of the component carriers in the band. 

For example, 
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The above example clearly shows the limitation of intra-band contiguous CA capability signalling. 
2.1
The need for different supported CSI processes 

The maximum number of supported CSI processes is a baseband limitation and is not necessarily related to RF capabilities. Therefore, UE is allowed to signal the supported CSI processes per band in the band combination. 
Observation 3: Number of CSI processes is a baseband capability and even PCell and SCells are inherently different in terms of CSI reporting because of eICIC CSI subframe patterns. 

Observation 4: UE’s processing power on the baseband is shared among the serving cells. Inter-band CA signalling allows UE to signal different CSI processes supported on each CC to maximize its capability and to allow the network to achieve a desired TM10 performance trade-off across multiple serving cells. 
Observation 5: For intra-band contiguous scenarios (especially when number of CCs is more than or equal to 3), UE has no other option to select the minimum number of CSI processes (worst case), thus underutilizing its true capability in the operator’s networks with contiguous bandwidth. For example, if a UE baseband can support a total of 4 CSI processes, it has to set 1 CSI process for a 2 DL CA contiguous combination. 
Observation 6: The addition of Rel-12 CSI subframe sets that can be configured for all of the serving cells will push the envelope one step further on the baseband processing needs for CSI computation. 
Proposal 1: RAN2 is requested to consider the fact that number of CSI processes is a baseband capability into consideration and discuss the potential revision of contiguous CA capability signalling. 

2.2
The need for different supported MIMO layers 

It is a well understood fact that the number of supported MIMO layers has a direct relationship with RF band. This was the main reason that it was defined a per-band capability in Rel-10.          
However, going from 2 MIMO layers to 4 layers, comes with substantially higher baseband requirements as well. 

Processing/Complexity Analysis: 

· Going from 4x2 MIMO to 4x4 MIMO increases the number of channels that UE has to track/estimate by a factor of two. So the baseband processing need twice the capability per CC. 
· Interference/Noise estimation (Rnn) requires 4x4 matrix inversion which is twice as complex as 2x2 matrix inversions. 
· For CSI reporting: the number of PMI hypothesis that UE has to consider is increased from 2 to 16 and to 256 (for 8Tx CSI-RS ports) per serving cell. 

Memory Requirements Analysis: 

· Similar to processing, the memory requirements for channel estimation is doubled going from 4x2 to 4x4 per CC. 
· Memory requirements for interference/noise estimation (Rnn) is almost 5 times the memory requirements of two layer case. The reason is that with a 4x4 matrix, we will have 4 diagonal real elements and 6 off-diagonal complex elements (compared to 2 diagonal and 2 off-diagonal elements for 2 layers). 
Observation 7: The increase in the number of MIMO layers has a substantial impact on the UE’s baseband requirements and is scaled by the number of component carriers. Unlike inter-band or intra-band non-contiguous CA, UE cannot select a different number of MIMO layers for contiguous case. This means that UE is left with under reporting of its MIMO capability (2 layers only for contiguous cases). 
Proposal 2: RAN2 is respectfully requested to consider the shortcomings mentioned above due to the fact that the number of supported MIMO layers cannot be singled per CC in intra-band contiguous cases. 

2
Proposed Solution 

Observation 8: There is no fundamental difference between intra-band non-contiguous and contiguous, when it comes to signaling needs for the number of CSI processes and MIMO layers.  
Observation 9: The contiguous CA bandwidth classes, C, D, E, and F in ASN.1 are meant to define number of contiguous CCs per band. 
We understand that changing the UE capability signaling comes with questions about backwards compatibility. Therefore, we propose the following solution:

From signaling point of view and without impacting contiguous/non-contiguous definitions, we define a new imaginary bandwidth class (Z) that is repeated to imply the contiguous CA capability. 
Adopting the above idea, the contiguous capability signaling becomes similar to the non-contiguous signaling without having to define implicit rules and facing inter-operability issues.
For example, CA_25Z_25Z is equivalent to CA_25C, CA_25Z_25Z_25Z  is equivalent to CA_25D and so on.
Similar to non-contiguous CA capability signalling, each occurrence of class Z has its own UL defined, which is not interchangeable with the other occurrences of class Z in the same band combination. 
Proposal 3: In order to address the limitation of CA band combination capability signalling for intra-band contiguous, introduce a new bandwidth class (Z) that is only used for the modified signalling in Rel-12. UE would signal both capabilities (Rel-11 and Rel-12) which are understood by the eNBs that do and do not support this feature, respectively. 

The example below shows how the CA contiguous capability signalling would look like for contiguous 2 DL CA (with single UL) and 2 UL CA. 
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2
Conclusion 

In this paper, we discussed a major limitation of intra-band CA contiguous capability signalling that can potentially lead to under-reporting and under-utilization of UE resources for the operators that are interested in contiguous CA with advanced features (4 layer MIMO and TM10). 

Proposal 1: RAN2 is respectfully requested to consider the fact that number of CSI processes is a baseband capability into consideration and discuss the potential revision of contiguous CA capability signalling. 

Proposal 2: RAN2 is respectfully requested to consider the shortcomings mentioned above due to the fact that the number of supported MIMO layers cannot be singled per CC in intra-band contiguous cases. 

Proposal 3: In order to address the limitation of CA band combination capability signalling for intra-band contiguous, introduce a new bandwidth class (Z) that is only used for the modified signalling in Rel-12. UE would signal both capabilities (Rel-11 and Rel-12) which are understood by the eNBs that do and do not support this feature, respectively. 
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