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According to the Rel.13 WID on EB/FD-MIMO ([1], approved in RAN#68), two types of CSI-RS will be defined in Rel.13 FD-MIMO along with the necessary CSI reporting mechanisms: non-precoded (NP) and beamformed (BF) CSI-RS. Both aperiodic and periodic CSI reporting modes in Rel.12 are to be extended to accommodate these two types of CSI-RS. 
This contribution discusses extensions of aperiodic CSI (A-CSI) reporting on PUSCH for Rel.13 FD-MIMO.  
We focus on the so-called UE-specific BF CSI-RS. The so-called cell-specific BF CSI-RS can be treated as Rel.11 COMP which utilizes one CSI process per beam (or vertical sector).  

Extending Rel.12 CSI reporting modes
Assuming a dual-stage Kronecker product (KP) codebook design [3], a precoding matrix in a Rel.13 2D codebook (for 12- and 16-port NP CSI-RS) can be written as follows:
												(1)
If we follow the codebook design principle from Rel.12, this model holds for at least RI ≤ 4 (for RI > 4, only component is present). Here denotes a precoder component for the first stage (wideband, long-term) and n-th dimension (1 or 2). The Kronecker product forms a set of 2D beams which is selected and co-phased across two polarization groups with . This second-stage precoder component can be associated with subband PMIs.
Denoting the associated PMI values for  as , respectively, a CSI report measured and calculated from NP CSI-RS includes all the PMI values (). On the other hand, a CSI report measured and calculated from BF CSI-RS (which is precoded/beamformed with a long-term and wideband precoder) only needs to include the second-stage PMI () (see companion contribution [3]). 
Based on the above precoder model, the content of each A-CSI reporting mode extension is given in Table 1. 
· The PMI for the first stage precoding consists of two PMI values ( for the first dimension,  for the second dimension). Since PMI values for the first-stage precoding are always wideband, the first-stage PMIs for both dimensions are wideband. Therefore, only the frequency granularity of the second-stage PMIs (along with CQI) is determined by the CSI reporting mode. These first-stage PMIs are reported only when a UE measures NP CSI-RS in a reference subframe.
· The PMI for the second stage precoding consists of only one PMI value ( being a composite of the two dimensions). Therefore, its frequency granularity is simply dictated by the default of the A-CSI reporting mode. 
· A single value of (joint) RI is reported, reflecting the total number of layers (which is the same as the number of columns of the recommended ). The number of RI bits depends on the maximum rank supported in Rel.13. Since there is no strong reason to support RI>8, the maximum bitwidth can be set to 3 (same as Rel.12). 
· A single set of CQI values, calculated jointly for the two dimensions, consists of a wideband and multiple subband CQIs for one (RI=1) or two (RI>1) codewords. Since there is no strong reason to deviate from Rel.12, the Rel.12 bitwidth for wideband CQI (4 bits) and subband CQI (2 bits, delta CQI relative to the wideband CQI) can be reused.
[bookmark: _Ref427125976]
Table 1 Extension of Rel.12 CSI reporting modes 
	CSI-RS type in CSI reference subframe
	CSI mode
	RI 
(3 bits)
	PMI
	CQI

	
	
	
	
	
	

	Non-precoded (NP) CSI-RS
	A-CSI 1-2
	x
	WB
	SB
	WB

	
	A-CSI 2-2
	x
	WB
	M-SB
	WB, M-SB

	
	A-CSI 3-1
	x
	WB
	WB
	WB, SB

	
	A-CSI 3-2
	x
	WB
	SB
	WB, SB

	Beamformed (BF) CSI-RS
	A-CSI 1-2
	x
	-
	SB
	WB

	
	A-CSI 2-2
	x
	-
	M-SB
	WB, M-SB

	
	A-CSI 3-1
	x
	-
	WB
	WB, SB

	
	A-CSI 3-2
	x
	-
	SB
	WB, SB


Legend: 
WB = wideband (calculated assuming transmission on “set S subbands”), 
SB = subband (calculated assuming transmission on that subband), 
M-SB = M subbands, 
x = reported, - = not reported

For Rel.13 FD-MIMO, a large “master” codebook can be defined to accommodate various deployment and antenna array scenarios. This codebook is utilized with codebook subset restriction (CSR) which is configured semi-statically via higher-layer (RRC) signaling [3]. In addition to reducing UE complexity in PMI selection, CSR can also be used to reduce A-CSI reporting payload. Therefore, the payload depends on the size of the selected codebook subset. 
For modes with subband PMI reporting, a large part of PMI-related payload comes from . The resulting overhead from  tends to be small. Therefore, aggressive subset selection and subsampling on first-stage precoding codebooks (associated with ) is unnecessary for A-CSI reporting modes.

A-CSI measurement for Rel.13 FD-MIMO
Aperiodic CSI measurement and calculation (which is to be reported in UL subframe n) is performed with respect to a CSI reference resource in DL subframe n-nCQI_ref. The CSI reference resource is defined in section 7.2.3 of TS36.213 [2]:
The CSI reference resource is defined as follows:
· In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.
· In the time domain, the CSI reference resource is defined by a single downlink subframe n-nCQI_ref,
· …
· where for aperiodic CSI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format.
· where for aperiodic CSI reporting nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref is received after the subframe with the corresponding CSI request in a Random Access Response Grant.
A downlink subframe in a serving cell shall be considered to be valid if:
· it is configured as a downlink subframe for that UE, and
· except for transmission mode 9, it is not an MBSFN subframe, and
· 
it does not contain a DwPTS field in case the length of DwPTS is  and less, and
· it does not fall within a configured measurement gap for that UE, and
· ...
If there is no valid downlink subframe for the CSI reference resource in a serving cell, CSI reporting is omitted for the serving cell in uplink subframe n.
· In the layer domain, the CSI reference resource is defined by any RI and PMI on which the CQI is conditioned.

In principle, a UE may use CSI-RS from any set of CSI-RS-carrying subframes as long as the condition given in section 7.2.3 of TS36.213 is fulfilled. That is:
Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:
· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 

However, such an unrestricted observation interval may not apply in some scenarios. As explained in our companion contributions [5] and [6]:
· The possibility of varying beamforming operation across subframes for BF CSI-RS may result in the need for time-domain measurement restriction. This type of restriction requires some specification support. However, as argued in [5] and [6], the case for such a restriction does not seem compelling since the beamforming applied to CSI-RS (although transparent to the UE) tends to be slowly varying. 
· The possibility of multiplexing NP CSI-RS and BF CSI-RS within the same CSI process may introduce an implicit time-domain measurement restriction. This type of restriction, however, does not need to be explicitly configured by a serving eNodeB. Since the eNodeB signals the necessary configuration message to the UE (including CSI process and CSI-RS resource configurations via higher layer signaling), the UE may implement its own measurement restriction depending on the multiplexing pattern for the two types of CSI-RS across subframes. 
In order to allow some freedom for a UE to implement its own measurement restriction (when deemed necessary) while still ensuring that the UE performs CSI measurement with the correct CSI-RS (either CSI-RS type or CSI-RS instance), the UE shall implicitly infer the CSI-RS type (and hence its associated CSI reporting content and measurement) from the CSI-RS-carrying subframe closest to the CSI reference resource. Using this CSI-RS-carrying subframe as a reference, the UE, knowing its CSI-RS configurations, may implement its own measurement restriction as it sees fit.

Conclusion
In this contribution, we have presented a simple extension of Rel.12 A-CSI reporting modes to support FD-MIMO. Our proposals for extending A-CSI can be summarized as follows:
· [bookmark: _GoBack]Extend the content of Rel.12 A-CSI reporting modes as described in Table 1 
· First-stage (wideband) PMIs not reported for BF CSI-RS
· CQI and RI definitions and bitwidths the same as Rel.12
· Aggressive codebook subset restriction for first-stage PMIs unnecessary 
· CSI-RS type (hence CSI reporting content and measurement) is implicitly inferred from the CSI-RS-carrying subframe closest to the CSI reference resource
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