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Introduction
[bookmark: _GoBack]In RAN1#81, the study of performance and feasibility of elevation beamforming and full-dimensional (FD) MIMO [1] was completed.  It has been concluded that [2]  
· Non-precoded, beamformed and hybrid CSI-RS based schemes demonstrate significant throughput gain in realistic non-full buffer traffic models over the best baseline using implementation based enhancements in many scenarios
· The best choice between these schemes may depend on factors including the number of TXRUs-
· Non-codebook based CSI reporting is beneficial for EB/FD-MIMO compared to the best baseline using implementation based enhancements.
· SRS enhancement is beneficial for EB/FD-MIMO compared to the best baseline using implementation based enhancements.
· From the performance perspective, DMRS enhancements are beneficial for EB/FD-MIMO.
As a follow-up, a new work item [3] has been approved in RAN 68 for Release 13.  The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs.  The detailed objectives include
· Specify enhancements on CSI reporting in the following areas [RAN1]
· 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 [4], open issues in the codebook design for Class A CSI reporting are discussed, where a precoding matrix can be identified by following PMIs for a given rank hypothesis:
· a codebook type indicator (CTI) which indicates column selection of the beam group
· a first PMI for the first dimension, ,
· a first PMI for the second dimension, ,
·  a second PMI, 
As the number of CSI-RS ports increases, the feedback overhead increases accordingly.  For aperiodic CSI reporting on PUSCH, all above PMIs can be included in one reporting.  But for periodic CSI reporting on PUCCH, due to the limitation of a payload size of 11-bit in each report, some new reporting types need to be defined to support the PMI reporting.  In this contribution, we discuss necessary enhancements for periodic CSI reporting on PUCCH to enable the use of the codebook proposed in [4]. 
Periodic CSI reporting on PUCCH
The feedback overhead increases as the number of CSI-RS ports.  We consider the worst case where 16 CSI-RS ports are configured.  In Table 1, we listed the feedback overhead of each component PMI for a (2, 4, 2) antenna port configuration with the proposed codebook Opt-F.
Table 1: Feedback overhead for the (2, 4, 2) antenna port configuration
	Rank
	CTI
	
	
	

	1, 2
	1 bit
	0 – 7 (3-bit)
	0 – 7 (3-bit)
	0 – 15 (4-bit)


For rank-1 and rank-2 transmission, both first PMIs require 6 bits in total.  In current Rel-10 8-TX codebook, the first PMI requires only 4-bit.  So, existing CSI reporting types in PUCCH mode 1-1 submodes 1 and 2 and PUCCH mode 2-1 cannot be directly reused with the new codebook.  In following sections, we discuss how to enhance existing PUCCH modes/submodes to support the new codebook.
Mode 1-1
To support wideband PMI/CQI reporting via PUCCH mode 1-1, an extension of Sub-mode 1 can be considered by dividing the CSI reporting into 3 reports.  
· Option-1a: the CSI reporting consists of 3 reports
· A first report for RI and  feedback
· A second report for  feedback
· A third report for wideband CQI and  feedback
· Option-1b: the CSI reporting consists of 3 reports
· A first report for RI and  feedback
· A second report for  feedback
· A third report for wideband CQI and  feedback
The difference between Option-1a and Option-1b is in how to transmit the first PMIs.  In Option-1a,  is multiplexed with RI in the 1st report which is reported in a longer period;  is reported in the 2nd report.  In Option-1b,  is multiplexed with RI in the 1st report which is reported in a longer period;  is reported in the 2nd report.  A UE can be configured with either of Option-1a or Option-1b to report one of the first PMIs in a more frequent basis than the other.  This can be useful when the angular spread in one dimension is much larger than that in the other.  The dimension with smaller angular spread can be reported less frequently, since the PMI tends to vary slowly than the other.
If it needs to adapt the channel variation in both vertical and horizontal, UE can be configured with following submode.
· Option-2: the CSI reporting consists of 3 reports
· A first reports for RI and PTI feedback
· A second report, depending on the value of PTI, for either  or  feedback
· A third report, depending on the value of PTI, for either 
· , wideband CQI and  feedback, or
· , wideband CQI and  feedback.
The feedback duty cycle of  and  can be controlled by UE via reporting a proper PTI.  Note that codebook subsampling may be needed for the third reporting type in Option-2 in order to keep the payload size within 11 bits.
Proposal 1: Consider Option-1a, 1b and 2 as three submodes of PUCCH mode 1-1 for the new codebook.
Proposal 2: Further study how to subsample the codebook for the third report in Option-2.
Mode 2-1 
To support subband CQI reporting via PUCCH mode 2-1, we still need to break the CSI reporting into 3 reporting types.  As shown in Figure 1, the 3 reports are
· A first report for RI and PTI feedback
· A second report, depending on the value of PTI, for either
· the joint encoding of  or , or
· wideband CQI and  feedback.
· A third report, depending on the value of PTI, for either 
· wideband CQI and  feedback, or
· subband CQI and  feedback.
Note that for the subband CQI and  feedback, codebook subsampling may be needed to fulfill the 11-bit payload size constraints.  All other reporting types fulfill the payload size requirements.
[bookmark: _Ref378529477]Proposal 3: Consider the proposed feedback mode for subband CQI reporting.
Proposal 4: Further study if the codebook subsampling is needed or not.
Collision handling
In Table 2, we summarized all CSI reporting types for the proposed PUCCH modes 1-1 and 2-1.
Table 2: Definition of CSI reporting types for the proposed PUCCH modes 1-1 and 2-1.
	ID
	Contents of CSI
	Existing Reporting Type

	1a
	RI and wideband 1st PMI  feedback
	New 

	1b
	RI and wideband 1st PMI   feedback
	New 

	2a
	Wideband 1st PMI  feedback
	New 

	2b
	Wideband 1st PMI  feedback
	New 

	3
	Wideband CQI and 2nd PMI feedback
	Type 2c

	4
	RI and PTI feedback
	Type 6

	5a
	Wideband CQI, 1st PMI  , and 2nd PMI feedback
	New 

	5b
	Wideband CQI, 1st PMI  , and 2nd PMI feedback
	New 

	6
	1st PMIs  and   feedback
	New 

	7
	Subband CQI and 2nd PMI feedback
	Type 1a


All these reporting types can be divided into several priority groups.  For example
· Group 1 (with highest priority) includes Types 1a, 1b and 4 which contain the RI
· Group 2 include Types 2a, 2b and 6 which contain the first PMI(s)
· Group 3 includes Types 3, 5a, 5b and 7 which contain wideband CQI
· Group 4 includes only Type 8 where the subband CQI is reproted
If collision happens between different priority groups, the reporting type with lower priority can be dropped.  If the collision happens within the same priority group, the dropping criteria can be based on the serving cell index, CSI process index and/or subframe set index, etc.
Proposal 5: Consider the proposed collision handling mechanism.
Conclusions
In summary, we proposed several feedback modes to support periodic CSI feedback on PUCCH for the new codebook proposed in [4].  Our proposals are as follows.
Proposal 1: Consider Option-1a, 1b, and 2 as three submodes of PUCCH mode 1-1 for the new codebook.
· Option-1a: the CSI reporting consists of 3 reports
· A first report for RI and  feedback
· A second report for  feedback
· A third report for wideband CQI and  feedback
· Option-1b: the CSI reporting consists of 3 reports
· A first report for RI and  feedback
· A second report for  feedback
· A third report for wideband CQI and  feedback
· Option-2: the CSI reporting consists of 3 reports
· A first reports for RI and PTI feedback
· A second report, depending on the value of PTI, for either  or  feedback
· A third report, depending on the value of PTI, for either 
· , wideband CQI and  feedback, or
· , wideband CQI and  feedback.
Proposal 2: Further study how to subsample the codebook for the third report in Option-2.
Proposal 3: Consider following feedback mode for subband CQI reporting.
· A first report for RI and PTI feedback
· A second report, depending on the value of PTI, for either
· the joint encoding of  or , or
· wideband CQI and  feedback.
· A third report, depending on the value of PTI, for either 
· wideband CQI and  feedback, or
· subband CQI and  feedback.
Proposal 4: Further study if the codebook subsampling is needed or not for the third report in subband CQI reporting.
Proposal 5: Consider the proposed collision handling mechanism.
References
[1] [bookmark: _Ref426442146][bookmark: _Ref398626394][bookmark: _Ref378529497][bookmark: _Ref370818393][bookmark: _Ref352001785][bookmark: _Ref351989238]RP-141831, Revised SID: Study on Elevation Beamforming/Full-Dimensional (FD) MIMO for LTE, Samsung and Nokia Networks.
[2] [bookmark: _Ref426442355]3GPP TR 36.897, Study on Elevation Beamforming/Full-Dimensional (FD) Multiple Input Multiple Output (MIMO) for LTE.
[3] [bookmark: _Ref426442167]RP-151085, WID: Elevation Beamforming/Full-Dimensional (FD) MIMO, Samsung.
[4] [bookmark: _Ref426472292]R1-155739, Codebook design for Class A CSI reporting, Qualcomm Inc.



5/5
