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1. Introduction
In 3GPP RAN #68 meeting, the work item on 3D-MIMO was approved [1].  The RAN1 objectives of the WI are:
· Specify enhancements on reference signal in the following areas [RAN1]
· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping

· Beamformed CSI-RS
· SRS capacity improvement
· Support for SRS transmission with 4TX antennas as a second priority
· Support of additional ports for DMRS targeting higher dimensional MU-MIMO

· The maximum number of DMRS ports that a UE may be able to receive is kept as 8

· 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
The scope of the WI is a bit broad for the remaining Rel-13 time frame. In this contribution, we provide general views on 3D-MIMO WI in Rel-13 and following releases.
2. CSI enhancement in support of 3D-MIMO operation
There are three 3D-MIMO operations discussed in SI, namely operation based on non-precoded CSI-RS, cell-specific beamformed CSI-RS, or UE-specific beamformed CSI-RS. In this section, we discuss spec enhancement of CSI feedback/measurement in support of 3D-MIMO operation.
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Figure 1. 3D-MIMO Operations
2.1. Operation based on non-precoded CSI-RS

The major R13 spec impact of operation based on non-precoded CSI-RS is 16Tx codebook, the related CSI-RS transmission and periodic/aperiodic CSI reporting. 16 port CSI-RS transmission should preferably reuse Rel-10 design as much as possible, which implies combination of existing CSI-RS resources are preferred. The R13 scope is clear although the standard effort is expected to be large according to past experience.

It is possible to design 32/64 Tx codebook in future releases, however in the SI studies, it is shown that 32/64 Tx codebook may consume too much CSI-RS resources and UCI overhead. It is not so clear if there should be 32/64 codebook design in future releases, although single rank 32/64 codebook may be needed for hybrid RS operation (see section 2.3).
2.2. Operation based on cell-specific beamformed CSI-RS

The major spec impact of cell-specific beamformed CSI-RS is how to feedback information to help eNB to select vertical beam. One alternative is to feedback beam index (BI), and then report the CQI/PMI/RI related to the reported BI. Another alternative is to feedback RSRP of each beam based on DRS measurement, and then eNB configures the UE which CSI-RS to be measured.

There seems no strong need to further enhance cell-specific beamformed CSI-RS in future releases.
2.3. Operation based on UE-specific beamformed CSI-RS

2.3.1. Short-term CSI-RS transmission
There are diverse approaches for operation based on UE-specific beamformed CSI-RS. One approach in the TR is to transmit multiple beam to one UE (the beam directions can be slightly different), and then the UE selects one beam. The motivation to introduce multiple beam is to improve PMI accuracy. Such approach is simple for UE, but causes much CSI-RS overhead and more difficult eNB implementation. For example, if four beams are transmitted to a UE, then one UE requires 8 CSI-RS ports ; for 8 UEs in a cell, this means totally 64 CSI-RS ports, which is the same overhead as non-precoded CSI-RS. Also it requires a lot of eNB implementation effort to decide the directions of the four beams.
Another approach is to virtualize only part of the antenna array to one port, as shown in Figure 2, in which we show an example of 4 port UE-specific beamformed CSI-RS. UE measures the 4 port and feedback PMI based on a 4 Tx codebook. eNB combines the feedback PMI and the CSI-RS virtualization weight to transmit PDSCH. Such operation allows more accurate CSI feedback than the first appraoch (16 states vs 4 states) and causes smaller CSI-RS overhead. However a new 4Tx codebook may be needed because the channel characteristics are different from R8/12 4 Tx channels. Detailed analysis and evaluations can be found in our companion paper [2]
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Figure 2. UE-specific beamformed CSI-RS based on partial array virtualization

Regardless of the above CSI-RS transmission methods, UE would need to know CSI measurement window, namely how many TTIs the UE can assume same precoder and do CSI averaging. Also one CSI-RS resource may be shared by multiple UEs in a TDM manner to reduce CSI-RS overhead.
2.3.2. Long-term CSI-RS transmission
Hybrid RS is considered as part of beamformed CSI-RS, where a long-term non-precoded CSI-RS is transmitted to assist the virtualization of short term beamformed CSI-RS. Hybrid RS is especially important for FDD due to the reduced reciprocity accuracy. The relevant spec enhancement is to design rank one 32/64 Tx codebook, to help virtualization of short-term CSI-RS.
2.4. Summary of CSI enhancements
It is preferred to specify all above techniques to support 3D-MIMO operation, however there is limited time in Rel-13. In the following table we list potential schedule for consecutive R13/14 3D-MIMO WIs. Please note that the enhancements in R14 is not less important, it just means that they are more advanced and RAN1 experts need more time to get prepared.

Table 1. Potential R13/14 3D-MIMO WI content
	Operation
	R13 
	R14

	Non-precoded CSI-RS 
	16 port codebook 
	FFS 

	UE-specific beamformed CSI-RS
	Measurement window
TDM CSI-RS multiplexing
	New 2/4/8 Tx codebook (as in Figure 2)

	Cell-specific beamformed CSI-RS 
	Beam index (or RSRP enhancements)
	FFS

	Hybrid RS 
	FFS
	32/64 port rank-1 codebook


Besides, in the above operations, only non-precoded CSI-RS is designed specifically for 16 TXRU cases, all other operations are flexible in terms of number of TXRU. Therefore, all operations (except non-precoded CSI-RS) evaluations in the R13 WI are to be done for 16/32/64 TXRUs.
3. Reference signal enhancements
In this section, SRS and DMRS enhancements are to be discussed. CSI-RS enhancements have been discussed in section 2.
3.1. SRS enhancements
From operator perspective, the goal of SRS enhancements is to improve CSI accuracy at eNB, and henceforth improve DL MIMO performance. SRS capacity enhancements is one obvious solution, but other solutions such as power related enhancement may be considered as well. Details can be found in our companion paper [3].
In addition, SRS transmission on SCell is another important topic. Currently UE cannot transmit SRS on SCell if the UE does not support UL CA. This will reduce MIMO performance on SCell. It is possible to UE-specifically configure PCell, however UE peak rate will still be degraded. Therefore it is preferred to enable SRS transmission on SCell. The mechanism could be RF retuning between different carriers. From operator perspective, it is preferred to enable SRS on SCell as soon as possible.

3.2. DMRS enhancements

In Rel-13, DMRS orthorgonal ports are to be increased to at least four. Further enhancements of DMRS in future releases is possible but will also depend on WI evaluations.
4. Conclusion
This contribution discusses enhancements for 3D-MIMO operations. It seems that Rel-13 time frame is too tight to specify all meaningful enhancements. On that sense we make the following proposal for Rel-13 3D-MIMO WI and potential Rel-14 3D-MIMO WI, for spec enhancements of 3D-MIMO operation.
	Operation
	R13 
	R14

	Non-precoded CSI-RS 
	16 port codebook 
	FFS 

	UE-specific beamformed CSI-RS
	Measurement window

TDM CSI-RS multiplexing
	New 2/4/8 Tx codebook (as in Figure 2)

	Cell-specific beamformed CSI-RS 
	Beam index 
	FFS 

	Hybrid RS 
	FFS
	32/64 port rank-1 codebook


For reference signal enhancements, 

· SRS capacity/accuracy enhancements are to be specified in Rel-13. 

· Meanwhile, SRS on SCell needs to be specified as soon as possible.
· DMRS enhancements are to be specified in Rel-13
It is further clarified that:

· All spec enhancements (except operation based on non-precoded CSI-RS case) evaluations are to be done with 16/32/64 TXRUs.
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