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1 Introduction
In the legacy specifications of 36.306 [1] and 36.331 [2], UE capability and category signaling related to MIMO and CoMP include the following:
· MIMO-CapabilityDL-r10 … Maximum supported number of MIMO layers (or maximum supported RI) 

· SupportedCSI-Proc … Maximum supported number of CSI process

· tm9-With-8Tx-FDD … Capability whether to support 8-Tx codebook
Between these three parameters, SupportedCSI-Proc has been introduced to limit the UE complexity related to CSI reporting, and the UE is not expected to update more than a certain number of aperiodic CSI reports, and the number is determined dependent upon the parameter SupportedCSI-Proc, which is denoted as 
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In RAN1#82, a great progress has been made for FD-MIMO class A & B CSI reporting. Introduction of the class A & B CSI reporting may poise a new challenge to UE implementation due to the CSI estimation complexity, as summarized below:

· For class A CSI reporting: This CSI reporting class is related CSI reporting for to up to 16-port non-precoded CSI-RS. The rank-1 codebook size (accounting for both the first and the second PMI) for PUSCH reporting can be 4096, which is 64 times larger than the one for 8-Tx codebook, according to the current discussion. 
· For class B CSI reporting: The number of CSI-RS resources per CSI process is to be decided. The UE complexity related to CQI reporting per CSI process is determined by the number of CSI-RS resources and number of CSI-RS ports per CSI-RS resource. 
This contribution discusses UE capability for FD-MIMO, including whether or not to introduce a new UE capability parameter for FD-MIMO, and related UE procedures. 

2 Discussion on UE Capability related to class A CSI reporting
There are at least two categories of UE implementations for UE to search PMI in a double codebook: (1) exhaustive joint search; and (2) i1-i2 independent search. When the exhaustive joint search is used by the UEs, the larger throughput can be achieved than the one for the independent search. However, obviously the exhaustive search is more computational complicated than the independent search. 

Suppose that a UE is configured with 8-Tx codebook for PUSCH 3-2 reporting, to further elaborate how UE search is done with the exhaustive joint search and the independent search.

The exhaustive joint search can be conducted with searching throughout the 256 CWs per subband. When all the CQI values are identified per CW per subband, the UE can find the best W2 for each W1 per subband. Completing this procedure across the full BW, the best W2’s for all the SBs can be found for each W1. With taking the corresponding best subband W2’s into account, the WB CQI’s can be estimated for all the W1 candidates. Finally, the best W1 can be found as the one achieving the largest WB CQI, and corresponding subband W2’s and corresponding SB CQI can also be identified. This search involves exhaustive search for all the CWs per subband, which is computationally expensive. 

UE can also have an option to take a simpler search algorithm, i.e., i1-i2 independent search. Taking the fact that i1 is a WB quantity related to beam group selection across the WB, UE can find i1 with e.g., a simple energy detection. Once a decision is made for i1, the UE can further search for SB i2’s for all the subbands. Based on this implementation, the UE complexity is mainly governed by SB i2 complexity. 

The UE CSI search is obviously an implementation issue, and UE only needs to meet RAN4 testing requirement for CSI search. UE algorithm can be designed flexibly, as long as the UE can meet the RAN4 performance requirement. However, for the potential UE complexity increase to support a certain feature compared to the legacy specification is something worthwhile to further watch, and the UE capability can also be discussed considering the UE complexity aspects, just as having been done for the CoMP CSI process discussions. 
The CSI computation complexity may scale with number of CWs to search for each subband CSI report, especially when the exhaustive joint search is used. The candidate (i1 + i2) payload sizes being discussed for FD-MIMO PUSCH reporting include 10, 12, 14 bits, which will correspond to 1024, 4096 and 16384 CWs. Even if RAN1 agrees on the smallest alternative for the codebook size, potential UE complexity per CSI process is 4x as compared to the legacy one that deals with 256 CWs in 8-Tx codebook. On the other hand, it may also be true that the additional complexity related to the FD-MIMO may not be significant, if the independent search can also be designed and can meet the RAN4 testing requirement. In any case, the number of CWs is a parameter related to UE complexity that can potentially change UE implementation methods, and hence, it may be worthwhile to further study whether it makes sense to take this as a UE capability parameter. For example, when the UE capability supports only 1024 CWs for PMI search per subband and the standards specification specifies a 16384-CW codebook, the UE is allowed to search across 1024 CWs, 1/8x sub-sampled from the specified codebook. 
Observation 1: Potential UE complexity increase caused by introduction of a FD-MIMO may need to be considered for UE capability parameter design.
Proposal 1: For class A CSI reporting, study pros and cons of adopting a new capability parameter of number of total CWs to search per subband for PUSCH reporting. 
3 Discussion on UE Capability related to class B CSI reporting

For class B reporting, open questions are set for maximum number of CSI-RS resources per CSI process (or maximum configurable value for K) and maximum total number of CSI-RS ports per CSI process (or maximum configurable value for 
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). Although a UE reports only one CSI per CSI process as according to the legacy specification, the CWs the UE needs to search scales with the number of CSI-RS resources. For example, if the UE is configured with 3 CSI-RS resources with 8-port CSI-RS each, the UE complexity would be about 3x larger than the legacy CSI process with one CSI-RS resource with 8-port CSI-RS, which is similar to the UE complexity of legacy UEs whose capability is with 
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Although R13 UEs will be more capable than legacy UEs, the complexity increase arising from possibility of configuring multiple CSI-RS resources needs to be carefully evaluated. As seen from the previous example, maximum configurable values of K and 
[image: image4.wmf]å

=

K

k

k

N

1

, both seem to be important to characterise UE capability. Hence, it is proposed to further study whether to introduce a new capability parameter to signal at least one of these values. If the minimum UE capability is defined for the class A reporting to support 1024-CW search, the corresponding minimum UE capability can be 
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Proposal 2: For class B CSI reporting, study pros and cons of adopting new capability parameter(s) for maximum configurable values of K and 
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4 Conclusion

This contribution has examined UE complexity arising from the features for FD-MIMO CSI reporting, and made the following observations and proposals. 
 Observations: 

· Potential UE complexity increase caused by introduction of a FD-MIMO may need to be considered for UE capability parameter design. 

Proposals: 

· For class A CSI reporting, study pros and cons of adopting a new capability parameter of number of total CWs to search per subband for PUSCH reporting.
· For class B CSI reporting, study pros and cons of adopting new capability parameter(s) for maximum configurable values of K and 
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