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1. Introduction

In RAN1 #82 meeting, a new work Item, “Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”, was approved [1]. With a two-dimensional active antenna array exploiting the elevation dimension as well as the azimuth dimension in a MIMO system, it has been shown during the SI stage by intensive simulation that further improving system performance is possible to accommodate increasing capacity demand [2]. One of the key issues in supporting a two-dimensional antenna array is how to enhance existing CSI-RS which is based on one-dimensional antenna array. During the SI stage, two CSI-RS categories, i.e., beamformed and non-precoded, have been discussed [3], for which, the objective of this  WI [1] is to:

· Specify enhancements on reference signal in the following areas

· 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
· Specify enhancements on CSI reporting in the following areas

· 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 RAN1#82 meeting [4], the non-precoded CSI discussion has achieved the following:

Agreements:
· Design principle for 12- and 16-port NZP CSI-RS resources in Rel-13: 

· CSI-RS density of 1RE/RB/port is maintained
· FFS on lower density
· Only existing 40 CSI-RS REs per PRB pair are reused for 12- and 16-port NZP CSI-RS resources

· 12- or 16-port NZP CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe
· FFS on configuration details
· FFS on CDM length

· FFS on improvement of 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs

· FFS on CSI-RS transmission in DwPTS

In this contribution, the non-precoded CSI-RS based scheme will be discussed. 
2. Considerations on non-precoded CSI-RS scheme for EBF/FD-MIMO
Starting from REl.10 CSI-RS port mapping, Figure 1 gives an example of CSI-RS mapping in the normal CP case. It’s shown that there are totally up to 20 2-port CSI-RS or 10 4-port CSI-RS, or 5 8-port CSI-RS in one subframe if configured. With further cell-specific sequence randomization and subframe period/offset configuration, it’s possible to mitigate easily the inter-cell interference on CSI-RS RE’s.
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Figure 1 CSI-RS port mapping in REl.10.
It’s been agreed that 1 RE/RB/Port density will be maintained as a baseline, with this principle, aggregating multiple existing 8-port CSI-RS per PRB pair seems a natural way of producing 12- or 16- port CSI-RS. On the other hand, with lower density but larger degree of freedom of inter-cell CSI-RS configuration, it’s beneficial to generate 12 or 16 port CSI-RS by combining two contiguous subframes or RB’s. Herein, taking 16-port CSI-RS for instance, we give the following alternatives.
2.1. 16 port CSI-RS mapping with 1 RE/RB/Port density.

One example of 16 port CSI-RS mapping with density 1 RE/RB/port is illustrated in Figure 2 where, a 16 port CSI-RS can be constructed by combining multiple 8-port CSI-RS. As a comparison, the left resource grid shows the legacy 8-port CSI-RS mapping, and the right one combines two 8-port CSI-RS to form one 16-port CSI-RS. 
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Figure 2 16 port CSI-RS mapping by combining two 8-port CSI-RS’s. (Approach 1-1)
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Figure 3 16 port CSI-RS mapping by combining two 8-port CSI-RS’s. (Approach 1-2)
Another example with this density is illustrated in Figure 3 where a more evenly-distributed 16 CSI-RS ports could be arranged by mapping ports 8-15 into the last two symbols. In principle, any 2 out of 5 8-port CSI-RS could be combined together to construct one 16-port CSI-RS, which results in at most two 16-port CSI-RS configurations in one subframe. It is difficult---though not impossible, to arrange 16-port CSI-RS with further cell specific sequence randomization. In order to mitigate the inter-cell interference of CSI-RS with a limited number of configurations, it is necessary to refine the frequency/time/subframe/offset configuration for each 16-port CSI-RS. Another way of avoiding inter-cell CSI configuration issue is to aggregate 8-port CSI-RS’s in multiple subframes or multiple RBs which will be discussed in next subsection.
2.2. 16 port CSI-RS mapping with density less than 1 RE/RB/Port.

In addition to the methods of reducing the number of CSI-RS configuration by combining two 8-port CSI-RS’s in one PRB pair, alternatively, 16 port CSI-RS can also be constructed by combining two 8-port CSI-RS’s in two continuous subframes as shown in Figure 4.  In order to support it, some specification regarding the periodicity and offset of the both subframes should be defined either implicitly or explicitly. The benefit of combining two-subframe 8-port CSI-RS’s is to maintain 5 CSI-RS  configurations per subframe, as the same as those in REl.10 8-port CSI-RS, which will ease the inter-cell configuration for CSI-RS.
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Figure 4 16 port CSI-RS mapping by combining 8-port CSI-RS’s in two continuous subframes (Approach 2-1).
On the other hand, besides aggregating in time domain, it’s also possible to aggregate in the frequency domain. In this scheme, one 16-port CSI-RS can be constructed by combining two 8-port CSI-RS’s in two continuous RB pairs as shown in Figure 5. It’s not necessary to transmit full bandwidth CSI-RS in this case. For example, the RB pairs with CSI-RS could be informed explicitly or implicitly, e.g. in implicit case, some signaling will be needed to indicate the same value of periodicity and offset of the both component 8-port CSI-RS’s in  both RB pairs. 
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Figure 5 16 port CSI-RS mapping by combining 8-port CSI-RS’s in two continuous RB’s (Approach 2-2).
3. Conclusions
Based on the above discussion, our proposal for study on non-precoded CSI-RS based scheme is as follows:
Proposal: to consider the following scheme on 16-port CSI-RS:

16-port CSI-RS could be constructed within one PRB pair by adopting Approach 1-1 or Approach 1-2, with density of 1 RE/RB/port, by aggregating multiple 8-port CSI-RS’s per RB pair. 
And support 16-port CSI-RS across two PRB pairs by adopting Approach 2-1 or 2-2 with density less than 1 RE/RB/port, subject to standardization impact and performance.
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