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1. Introduction
Feedback enhancement has been the focus of MIMO enhancement since Rel-10. In the R13 3D-MIMO SI, similarly feedback could be the main discussion topic. From our perspective, the major issue for 3D-MIMO feedback enhancement is that the antenna configurations are very diverse and its number is huge, which causes much difficulty in feedback design. This contribution discusses a feedback framework potentially applicable to diverse 3D-MIMO antenna configurations, and hence facilitates 3D-MIMO SI discussions.
2. Diverse 3D-MIMO Antenna Configuration
A tremendous amount of antenna configurations has been discussed in the 3D-MIMO SI, including different TXRU virtualization weights. A non-exhaustive list is as follows :

· 8TXRU

· (8,1,2,8), subarray TXRU virtualization, one-to-one CSI-RS mapping

· (8,2,2,8), subarray TXRU virtualization, one-to-one CSI-RS mapping

· (8,4,2,8), Rel-10 8-Tx configuration

· (4,4,2,8), similar to Rel-10 8-Tx configuration

· 16 TXRU

· (8,4,2,16), subarray TXRU virtualization, one-to-one CSI-RS mapping

· (8,4,2,16), subarray TXRU virtualiazation, beam-based CSI-RS mapping

· (8,4,2,16), full connection TXRU virtualization, one-to-one CSI-RS mapping

· (4,4,2,16), subarray TXRU virtualization, small cell, one-to-one CSI-RS mapping

· 32 TXRU

· (8,4,2,32), subarray TXRU virtualization, one-to-one CSI-RS mapping

· (8,4,2,32), subarray TXRU virtualiazation, beam-based CSI-RS mapping

· (8,4,2,32), full connection TXRU virtualization, one-to-one CSI-RS mapping

· (4,4,2,32), small cell, one-to-one antenna-TXRU-CSI-RS mapping

· 64 TXRU

· (8,4,2,64), one-to-one antenna-TXRU-CSI-RS mapping

· (8,4,2,64), one-to-one antenna-TXRU mapping, beam-based CSI-RS

The above list has not included 2D-virtualization, and 8/16 column cases. The list would be much longer considering those factors. Therefore the observation is:

· 3D-MIMO antenna configurations are very diverse. 

Furthermore different antenna configurations, such as subarray and full connection, would yield much different channel characterisitics, which means

· Channel characteristics observed from CSI-RS are very different for different antenna configurations.

Traditional CSI feedback design would specify a codebook for a given number of CSI-RS ports. For example, one 8Tx codebook for 8 CSI-RS port, another codebook for 16 CSI-RS port. However in 3D-MIMO SI, because of the diverse antenna configurations, prolonged discussion is expected for 8 CSI-RS ports alone, not to mention 16 and 32 CSI-RS port cases. Therefore the observations are :

· Due to diverse antenna configurations for a given number of TXRU, prolonged RAN1 discussion is expected for codebook designs.

· Different number of TXRU implies even longer discussion, e.g., two years.

A natural thinking is to reduce number of candidate antenna configurations, so codebook design could be more focused, such as Rel-10 codebook design. However it should be noted that 3D-MIMO prototyping just start from recent years, and it might be difficult to give clear preference to an exact antenna configurations. Furthermore, from operators perspective, RAN1 specification should allow antenna configurations as flexible as possible, or even consider future-proof designs, instead of constraint implementation of real products. Therefore

· It could be difficult to downscope antenna configurations at this stage

· RAN1 spec should be designed to allow flexible antenna configurations, or even consider future-proof designs, instead of constraint implementation of real products.

Therefore, one bottleneck in the 3D-MIMO SI is that RAN1 spec needs to support diverse antenna configurations, however codebook design would take too long time for diverse antenna configurations.
3. Long-term CSI-RS and Short-Term CSI-RS

It is observed that double codebook becomes popular since Rel-10, where the feedback is separeted to long-term CSI (RI and W1) and short-term CSI (W2 and CQI). Reporting periodicity are separated configured for long-term and short-term CSI. Following double codebook design, it is natural to think that different feedback could be based on different CSI-RS, e.g.,
· Long-term CSI is measured on long-term CSI-RS

· Short-term CSI is measured on short-term CSI-RS

One obvious advantage of double CSI-RS design is CSI-RS overhead reduction, namely long-term CSI-RS can be transmitted much less frequently than short-term CSI-RS.
A less obvious advantage of double CSI-RS is that it enables universal feedback for diverse antenna configurations. An example of double CSI-RS procedure is as follows :
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Figure 1. Procedure for double CSI-RS operation
The following working procedure could be universal to different eNB antenna configurations :
Step 1: eNB transmits long-term cell-specific CSI-RS. Example of such long-term CSI-RS could be transmitted from two far-apart antennas to ensure RI is properly measured. It should be noted that W1 could be measured based on long-term reciprocity so it should be FFS if long-term CSI-RS needs to support W1 measurement.
Step 2: UE reports long term channel information (e.g., RI) to eNB

Step 3: eNB transmits precoded short-term CSI-RS to UE. One simple strategy is: 

· If UE report RI = 2, transmit two port short-term CSI-RS to UE, each CSI-RS port corresponds to one eNB antenna polarization (and beamformed based on long-term direction information W1); UE would report co-phase between polarizations and two CQIs for two codewords. 

· if UE report RI = 1, 

· In FDD system, transmit two port short-term CSI-RS to UE, each CSI-RS port corresponds to one eNB antenna polarization (and beamformed based on long-term direction information W1); UE would report co-phase between polarizations and one CQI for the codewords.

· In TDD system, transmit one port short-term CSI-RS to UE, the CSI-RS port corresponds to both polarizations and beamformed based on CSI obtained from 1Tx SRS from UE (partial reciprocity)

Step 4: UE reports CQI calculated based on configured short-term CSI-RS and reported RI.
Step 5: PDSCH transmission.
The above procedure applies for diverse antenna configurations in 3D-MIMO, and could be even applicable to future massive MIMO in higher frequency bands.
The characteristics of double CSI-RS is summarized in the follownig table

	
	Long-term CSI-RS
	Short-term CSI-RS

	Number of ports
	Equal to the number of UE Rx antenna
	Less than reported RI

	Directionality
	Cell-specific, broadcast
	UE-specific, beamformed

	Example periodicity
	160 ms
	5 ms


Table 1 : Double CSI-RS characteristics
Because short-term CSI-RS is UE specific, its overhead would be proportional to number of UEs. However based on current FTP model, the concurrent user is not more than 4 for typical data load; assuming each UE has two 2Rx antenna, then the maximum number of CSI-RS port for each UE is 2, which translates to the same overhead as current 8 CSI-RS ports. The total CSI-RS overhead, even in the extreme case, will not exceed totally 16 CSI-RS ports, which is quite acceptable in current LTE system.
4. Conclusions
A bottleneck problem of current 3D-MIMO SI is the difficulty to design feedback for diverse eNB antenna configurations. In this contribution, we propose a feedback framework based on long-term CSI-RS and short-term CSI-RS, which is potentially applicable to diverse antenna configurations, and hence may help discussion in current 3D-MIMO SI.
