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1. Introduction

In 3GPP TSG RAN#68 plenary meeting, the new work item proposal "Elevation Beamforming/Full-Dimension (FD) MIMO for LTE" has been approved [1]. In the approved work item proposal, for enhancements on reference signal, beamformed CSI-RS is one of the candidate technique.
In this contribution, based on the agreed work item proposal, the precoded CSI-RS in UE specific manner is discussed in more details.
2. UE specific precoded CSI-RS for FD MIMO  
In the current LTE system, for TM9 and TM10, CSI-RS with up to 8 ports can be supported to obtain only the channel state information in the azimuth dimension. For 2D antenna array, a larger number of TXRUs up to 64 can be deployed per transmission point, where a TXRU has its own independent amplitude and phase control. In FD MIMO operation, the channel state information on both the azimuth and elevation dimensions is required from all these TXRUs distributed in two dimensions. However, increasing the number of TXRUs for channel state information (CSI) acquisition at the eNodeB is challenging work for LTE. Therefore, some enhancement on CSI-RS is needed to enable the eNodeB to obtain the two dimensional CSI. Beamformed CSI-RS is one method to solve this problem. 

Beamformed CSI-RS can be in cell specific or UE specific way. To reduce the CSI-RS overhead, beamformed CSI-RS in UE specific manner may be a better choice.  In UE specific CSI-RS scheme, for FDD, eNodeB transmits long-term RSs such as DRS(s) which are precoded in different direction of the elevation domain. To support FD MIMO, different CSI-RS in DRS are precoded by different vertical beams. The UE reports long term channel information to eNodeB by DRS based RRM report. From this report, the eNodeB can know the best vertical beam for this UE. Since the DRS has long periodicity, so the overhead is low. Next step, the eNodeB transmits UE specific CSI-RS to UE which is precoded by the best vertical beam. In horizontal domain, UE specific CSI-RS is non-precoded. Based on this UE specific CSI-RS, UE measures horizontal CSI information (RI, PMI and CQI) and reports the CSI information to the eNodeB. UE specific CSI-RS is not periodically transmitted. Moreover, it also may not occupy the whole bandwidth. It can occupy only some specific PRBs. So it can greatly reduce the CSI-RS overhead.
For non-codebook based CSI reporting enhancement in TDD, the eNodeB can know the best precoding matrix in 3D for UEs by SRS. This best precoding matrix is not from a codebook. Different UE can have different best precoding matrix.  For accurate CQI reporting, UE specific CSI-RS is a better way to match the property of TDD. In this case, the eNodeB sends the UE specific CSI-RS to UE which is precoded in 3 dimension by the best precoding matrix. Based on this UE specific CSI-RS, UE only measure CQI and reports CQI information to the eNodeB.
Based on the above analysis, we have our first proposal follows:
Proposal 1
- UE specific CSI-RS can be considered for FD MIMO CSI measurement if beamformed CSI-RS is supported.
3. UE specific precoded CSI-RS design  

For UE specific precoded CSI-RS, it is better to reuse current CSI-RS resource and pattern. So it can be covered by the ZP-CSI-RS to reduce the impact to other UEs' PDSCH transmission. Regarding to the UE specific CSI-RS pattern and antenna port to RE mapping, for FDD, UE specific CSI-RS is still for all CSI information measurement including RI, PMI and CQI. The number of antenna port can be 1,2,4,8 which is the same as normal CSI-RS. So the UE specific CSI-RS pattern can just reuse current CSI-RS pattern and antenna port to RE mapping.

However, for non-codebook based CSI reporting enhancement in TDD, UE specific CSI-RS is only for CQI measurement. The RI and Precoding matrix are decided by eNodeB based on the UL transmission. So the number of antenna port of UE specific CSI-RS can be 1, 2, 3, 4, 5, 6, 7 and 8 based on the RI decided by eNodeB. This is the different point with current CSI-RS. In this case, the pattern for 3, 5, 6 and 7 antenna ports should be clarified. To reuse current pattern and antenna port to RE mapping as much as possible, For 3 antenna ports pattern, we can derive it from the 4 tx antenna port CSI-RS pattern with no transmission of antenna port18 signal. And 5, 6 and 7 antenna ports pattern can be derived from 8 tx antenna port CSI-RS configuration with no transmission of corresponding antenna port(s) signal. The details can be shown in table 1.
Table 1. UE specific CSI-RS pattern for TDD 
	Number of antenna port
	Resource configuration
	signal

	1
	2 Tx antenna port configuration
	Antenna port 15
(16 is not transmitted)

	2
	2 Tx antenna port configuration
	Antenna port 15,16

	3
	4 Tx antenna port configuration
	Antenna port 15,16 and 17
(18 is not transmitted)

	4
	4 Tx antenna port configuration
	Antenna port 15,16,17, 18 

	5
	8 Tx antenna port configuration
	Antenna port 15~19
(20~22 are not transmitted)

	6
	8 Tx antenna port configuration
	Antenna port 15~20
(21~22 are not transmitted)

	7
	8 Tx antenna port configuration
	Antenna port 15~21
(22 is not transmitted)

	8
	8 Tx antenna port configuration
	Antenna port 15~22


Based on the above discussion, we have our second proposal as follows:
Proposal 2
- It is better to reuse current CSI-RS pattern for UE specific precoded CSI-RS as much as possible.

As described in section 2, UE specific CSI-RS is not periodically transmitted to reduced the overhead. So some indication is necessary at the UE side to know whether UE specific CSI-RS is transmitted or not in this subframe. 

Moreover, the UE specific CSI-RS may not occupy the whole bandwidth. It can occupy only some specific PRBs, which also depend on the eNodeB scheduling. Especially for TDD case where the eNodeB can know which subband is best for the UE from the uplink. In this case, the eNodeB only want to the accurate CQI information in specific subband. So it is not necessary to send the UE specific CSI-RS in whole band. Moreover, by this way, the eNodeB can send multiple UEs' UE specific CSI-RS by FDD manner within one subframe. So greatly increase the efficient.
 An example for UE specific CSI-RS transmission is shown in figure 1. 
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Figure 1 an example for UE specific CSI-RS transmission
From the above discussion, we can see that dynamic signaling is necessary to indicate when this UE specific CSI-RS is transmitted and the exact frequency resource of the UE specific CSI-RS. Here comes our third proposal as follows
Proposal 3
- To indicate the transmission of the UE specific CSI-RS, dynamic signaling is required.
4. Conclusions
In this contribution, we discuss the UE specific precoded CSI-RS for FDMIMO in more details. Based on the discussion, we have 3 proposals as follows:
Proposal 1
- UE specific CSI-RS can be considered for FD MIMO CSI measurement if beamformed CSI-RS is supported.

Proposal 2
- It is better to reuse current CSI-RS pattern for UE specific precoded CSI-RS as much as possible.

Proposal 3
- To indicate the transmission of the UE specific CSI-RS, dynamic signaling is required.
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