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Introduction
In 3GPP RAN #68 meeting, a new Work Item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was agreed. 
According to the WID [1], one of the key objectives is to identify CSI report of Non-precoding CSI-RS. 
· Specify enhancements on CSI reporting in the following areas [RAN1]
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 
· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports
In the contribution we present our views on CSI reporting for Non-precoding CSI-RS with support to 12 and 16 ports using full port mapping beamformed CSI-RS.
Discussion
To support downlink FD-MIMO transmission, modification of the current uplink control channel scheme might be needed to signal the additional vertical channel state information parameters which are not needed before, such as vertical PMI, as well as the vertical RI if needed. In the previous meetings, parameters in CSI reporting consist of CQI, RI and PMI. With regard to CSI report in FD-MIMO including, as stated in [2]:
-	PMI(s) corresponding to W1 and/or W2. Here one or multiple PMIs, such as H-PMI (horizontal dimension) and V-PMI (vertical dimension), are reported for W1 and W2, respectively.  
-	RI: a single RI or multiple RIs
-	CQI
CSI Report Aspects
In FD-MIMO, the design of CSI reporting consist of the following aspects: CSI types and the number of associated CSI process. 
CSI Types
 In FD-MIMO, the types of CSI reporting parameters can be described as these two alternatives: 
Alternative 1: CSI reporting including two values of PMI reporting which are vertical PMI and horizontal PMI, one RI, one CQI.
Alternative 2: CSI reporting including two values of PMI reporting which are vertical PMI and horizontal PMI, two values of RI which are vertical RI and horizontal RI, one CQI.
The difference of these alternatives is whether to support rank adaptive in vertical dimension, if support UE need to feedback vertical RI additionally, else according to the recent CSI report, only need to enhanced one vertical PMI feedback. The decision of these two alternatives should be dependent on the gains of rank adaptive in vertical dimension. 
Proposal: Two alternatives should be dependent on the gains of rank adaptive in vertical dimension.
The number of associated CSI process
In Rel-12, each CSI process is associated with a CSI-RS resource and a CSI-IM resource. In order to support CSI report in FD-MIMO, one 12 or 16 CSI-RS resource can be configured to one or two CSI processes as following.
Scheme a: The number of CSI process associated with 12 or 16 non-precoding CSI-RS ports can be two. One of CSI processes for horizontal feedback and the other for vertical dimension report. With two CSI processes UE can reuse the Rel.12 feedback type. 
Scheme b: The number of CSI process associated with 12 or 16 non-precoding CSI-RS ports can be one, which contains both of horizontal and vertical dimension feedbacks as describe above. 
Periodic PUCCH
UE is configured to periodically feedback CSI on the PUCCH. The CSI reports related with 8 CSI-RS ports and 4 CSI-RS ports using the sub-sampled codebook in order to ensure that the total RI/PMI/CQI payload does not exceed a total of 11bits, such as PUCCH mode 1-1 submode 1, PUCCH mode 1-1 submode 2,  and PUCCH mode 2-1. This is still a key point in CSI feedback design.
Since PUCCH Mode 1-0 and Mode 2-0 are without PMI feedback, that these two modes  do no need to consider for FD-MIMO.
Table 7.2.2-1: CQI and PMI Feedback Types for PUCCH CSI reporting Modes
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI
Feedback Type
	Wideband
(wideband CQI)
	Mode 1-0
	Mode 1-1

	
	UE Selected
(subband CQI)
	Mode 2-0
	Mode 2-1



Corresponding to the aspects of CSI reporting, it is provided some possible method in PUCCH feedback as shown in this summarized Table 1. 
[bookmark: _Ref426460890]Table 1 Provided PUCCH feedback schemes
	CSI process Num 
	CSI Types
	Specification modify 

	Scheme a 
	Alternative 1
	Reuse the Rel.12 feedback type, no change

	
	Alternative 2
	

	Scheme b 
	Alternative 1
	specification support

	
	Alternative 2
	specification support



It can be specification-transparent when configured more than one CSI process for CSI-RS in FD-MIMO. On the other hand, it needs to discuss the possible method for PUCCH report pattern when only one CSI process is configured. 
Observation 1: When configured more than one CSI process for CSI-RS in FD-MIMO, it is specification-transparent for PUCCH periodic report.
In the following, the extension methods of reporting modes for periodic CSI reports with one CSI process are discussed in detail.
Method 1: Configure additional  vertical feedback periods
Based on the existing reporting modes, configure one or two new reporting pattern for FD-MIMO operation, one of new pattern is for vertical PMI, and the other is for vertical RI if it is needed. 







The same with Rel-12 PUCCH mode 1-1 for each CSI process in each serving cell, it should be higher layer signaled periodicity  and offset  for CQI/PMI reporting and periodicity  and relative offset  for RI reporting. The difference is additional periodicity  and offset  for vertical PMI reporting is configured. Considering vertical CSI change slower than horizontal CSI, can be bigger or similar report granularity as horizontal RI.
And if vertical rank adaption is adaptive, periodicity and offset for vertical RI is also need to be signaling.
In the similar way, PUCCH mode 2-1 which is design for UE-selected sub-band CQI reports, additional periodicity pattern is configured to support vertical channel state information feedback.






As shown in Figure 1-Figure 4, there are some direct extensions of Rel-12 PUCCH CQI/PMI/RI reporting modes. Common parameters in feedback pattern using ,,, ,and additional , .

1) PUCCH Mode 1-1 submode 1


[bookmark: _Ref426464187]Figure 1: Example extensions of PUCCH Mode 1-1 submode 1
2) PUCCH Mode 1-1 submode 2


Figure 2: Example extensions of PUCCH Mode 1-1 submode 2

3) PUCCH Mode 2-1 


Figure 3: Example extensions of PUCCH Mode 2-1, PTI=1



[bookmark: _Ref426464197]Figure 4: Example extensions of PUCCH Mode 2-1, PTI=0
Method1 simplifies the specification effort and makes it consistent. There might be also certain advantage from the implementation point of view.

Method 2: Reuse legacy feedback periods and join coding to feedback vertical feedback
The other method is to reuse legacy reporting period, and feedback the join coding of vertical CSI and horizon CSI in the reporting subframes. But considering the full usage of 11 bit in one subframe with CQI/PMI and RI reporting types, for example, Type 2b and Type 2c report wideband CQI and PMI feedback, Type 5 reports RI and wideband PMI feedback.
It needs to decide whether to define one or two specific mode to support FD-MIMO, or on the other hand still keep available all the PUCCH modes to support FDMIMO but reduce the legacy feedback bits to provide bits for vertical CSI. Such as Type 5 contains 11 bits of RI and wideband first PMI. In order to support vertical PMI, one possible method is reduce the set of wideband first PMI and decrease the feedback cases such reserve these cases for vertical PMI.




As shown inFigure 5-Figure 8, there are some direct extensions of Rel-12 PUCCH CQI/PMI/RI reporting modes. Common parameters in feedback pattern also using ,,, .

1) PUCCH Mode 1-1 submode 1


[bookmark: _Ref426465237]Figure 5: Example extensions of PUCCH Mode 1-1 submode 1
2) PUCCH Mode 1-1 submode 2


Figure 6: Example extensions of PUCCH Mode 1-1 submode 2
3) PUCCH Mode 2-1 


Figure 7: Example extensions of PUCCH Mode 2-1, PTI=1


[bookmark: _Ref426465246]Figure 8: Example extensions of PUCCH Mode 2-1, PTI=0
Proposal 1: When configured only one CSI process for CSI-RS in FD-MIMO, there are two possible methods for PUCCH period report.
Method 1: Configure additional  vertical feedback periods
Method 2: Reuse legacy feedback periods and join coding to feedback vertical feedback

Aperiodic PUSCH 
In Rel-12 LTE, aperiodic CQI/PMI/RI reporting on the PUSCH with two-bit or one-bit trigger indication in the UL grant of subframe n is supported. And UE perform aperiodic CSI reporting in subframe n+k. In order to support FD-MIMO, vertical CSI is also needed to report in aperiodic feedback. Only PUSCH Modes 1-2, 2-2, 3-1 and 3-2[3] is to be discussed, for PUSCH Mode 2-0, 3-0 with no PMI feedback are not to change.
Table 7.2.1-1: CQI and PMI Feedback Types for PUSCH CSI reporting Modes
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI
Feedback Type
	Wideband
(wideband CQI)
	
	
	Mode 1-2

	
	UE Selected
(subband CQI)
	Mode 2-0
	
	Mode 2-2

	
	Higher Layer-configured
(subband CQI)
	Mode 3-0
	Mode 3-1
	Mode 3-2



PUSCH should be as extension of Rel-12, and the report in aperiodic PUSCH is self-contained in the same subframe. This is means one PUSCH report contains both horizon and vertical CSI feedback. One example in following table shows an additional Vertical W1 field is added in PUSCH modes, which can be only one wide band value for the entire system bandwidth.
Table 2: Example extensions of PUSCH Modes
	CQI/PMI mode

Field
	PUSCH1-2
	PUSCH  2-2
	PUSCH 3-1
	PUSCH  3-2

	Wideband CQI
	Wideband CQI for entire system BW

	Subband CQI
	NULL
	UE-selected Subband CQI
	higher layer configured subband CQI
	higher layer configured subband CQI

	Horizontal W1
	Single first horizontal PMI i1: One for the entire system BW (wideband)

	Vertical W1
	Single first vertical PMI i1: One for the entire system BW (wideband)

	W2
	Subband second PMI i2
	Wideband and subband second PMI i2
	Wideband second PMI i2
	Subband second PMI i2



Proposal 2: Vertical and Horizontal Reports in aperiodic PUSCH is self-contained in the same subframe
Proposal 3: Add a Vertical W1 field in aperiodic PUSCH, which is only one wide band value for the entire system bandwidth
Conclusions
In this contribution we discussed periodic and aperiodic reporting on the PUCCH and PUSCH to support CSI reporting for Non-precoding CSI-RS with support to 12 and 16 ports. Our current views are given below. 
Observation 1: When configured more than one CSI process for CSI-RS in FD-MIMO, it is specification-transparent for PUCCH periodic report.
Proposal 1: When configured only one CSI process for CSI-RS in FD-MIMO, there are two possible methods for PUCCH period report.
Method 1: Configure additional  vertical feedback periods
Method 2: Reuse legacy feedback periods and join coding to feedback vertical feedback
Proposal 2: Vertical and Horizontal Reports in aperiodic PUSCH is self-contained in the same subframe
Proposal 3: Add a Vertical W1 field in aperiodic PUSCH, which is only one wide band value for the entire system bandwidth
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