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1. Introduction
Higher order MIMO up to 8x8 multi-antenna configuration is necessary to achieve the 30 bps/Hz downlink peak spectrum efficiency target. To make 
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 antenna configuration feasible, new reference signal (RS) must be efficiently added without affecting the viability of LTE UEs who are operating in LTE-A cells. 
A way forward [1] related to RS design for 
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 antenna configuration is agreed on by many companies in RAN 1 #56 meeting. Two types of RS were defined in this WF with RS targeting PDSCH demodulation and RS targeting CSI generation. The features of these two types of RS were also defined respectively. Considering reducing negative impact to LTE UEs, the RS targeting CSI generation shall be sparse in frequency and time domain.
According to the WF, this contribution discusses on subframe configuration for 8-Tx transmission. Two types of subframes are designed; one denoted as Type-I subframe contains LTE-A CRS to realize CQI/PMI/RI estimation, and the other denoted as Type-II subframe does not contain LTE-A CRS so as to emphasize the data transmission. In addition, the compensative schemes employing time and frequency domain interpolation are proposed to further reduce the impact to LTE UEs. 
2. Subframe configuration
Considering scheduling constrains avoidance and dynamical traffic patterns encountered in practice, subframes are divided into Type I subframe and Type II subframe from LTE-A UEs point of view

· Type I subframe: subframes for LTE-A UEs to do CQI/PMI/RI estimation, i.e. subframes with LTE-A CRS transmission.
· Type II subframe: subframes without LTE-A CRS transmission. 

Both LTE and LTE-A UEs can be scheduled in both of these two kinds of subframes. To reduce the negative impact on LTE UEs, further, RBs in Type I subframe are divided into Type I RB and Type II RB. 

· Type I RB: RB with LTE-A CRS transmission

· Type II RB: RB without LTE-A CRS transmission.

To efficiently obtain the overall channel estimation, we propose to exploit time and frequency domain interpolation relying on channel estimation of Type I RBs in Type I subframe. 
Fig.1 depicts the first example of subframe configuration using time and frequency domain interpolation scheme. Subframe #1 and #6 are configured to be Type I subframe for illustration only. Type I RBs in subframe #1 and  #6 are spaced by two Type II RBs. Each Type I RB contains CRS of all the 8 antenna ports. The channel value of each of the Type II RBs can be obtained using the interpolation of the estimated channel values of its nearest Type I RBs in time and frequency domain. In this example, we believe that the negative impact on LTE legacy UE is comparatively small because the scheduler may concentratively assign LTE-A UE into the small number of Type I subframes.
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Fig.1  Four port CRS in each Type I RB
Fig.2 depicts the second example of subframe configuration using time and frequency domain interpolation scheme.  For illustration only, subframe #1 ,#6, #2, #7 are configured to be Type I subframes.  Type I RBs in these subframes are spaced by two Type II RBs.  Type I RBs in subframe pair (#1, #6) contain CRS of antenna port #4 and #5 and Type I RBs in subframe pair (#2, #7) contain CRS of antenna port #6 and #7.  The channel value of each of the Type II RBs in each subframe pairs can be obtained using the interpolation of the estimated channel values of its nearest Type I RBs in time and frequency domain. 
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Fig.2 Two port CRS in each Type I RB
Fig.3 depicts the third example of subframe configuration using time and frequency domain interpolation scheme.  For illustration only, subframe #1 ,#6, #2, #7, #3, #8, #4, #9 are configured to be Type I subframes.  Type I RBs in these subframes are spaced by two Type II RBs. CRS of antenna port #4-#7 are transmitted in subframe pairs (#1,#6), (#2, #7), (#3,#8), (#4, #9), respectively.  The channel value of each of the Type II RBs in each subframe pairs can be obtained using the interpolation of the estimated channel values of its nearest Type I RBs in time and frequency domain. 
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Fig.3 One port CRS in each Type I RB
3. Channel estimation examples in Type I RBs 

In Type-1 RB, there exist two LTE-A CRS insertion schemes, relying on either superposition manner [2] or puncture manner [3]. For superposition based CRS insertion scheme, if a Type I RB in Type I subframe is scheduled to a LTE UE, LTE-A antenna port #4-#7 CRS are inserted in some LTE data REs using superposition manner. If one Type I RB in Type I subframe is scheduled to a LTE-A UE, LTE-A antenna port #4-#7 CRS are multiplexed with DRS using CDM mechanism, for instance. Fig.4 depicts one example of superposition based CRS insertion scheme, where subframe #1 and #6 are Type I subframes for illustration only. Since both LTE UEs and LTE-A UEs can be scheduled in Type I subframe, LTE-A UEs in the cell will not have the knowledge of which RBs are scheduled to LTE UEs and which RBs are scheduled to LTE-A UEs. To do unified channel measurement, we reasonably believe that LTE-A UEs will treat all the Type I RBs as LTE RBs. If a RB is scheduled to a LTE-A UE, other LTE-A UEs in the cell will treat DRS in this RBs as LTE data. 
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Fig.4 Superposition based CRS insertion
For puncture based CRS insertion scheme, if a Type I RB in Type I subframe is scheduled to a LTE UE, LTE-A antenna port #4-#7 CRS are inserted in some LTE data REs with LTE data symbols punctured. If one Type I RB in Type I subframe is scheduled to a LTE-A UE, LTE-A antenna port #4-#7 CRS are multiplexed with DRS using FDM mechanism, for instance. Fig.5 depicts one example of puncture based CRS insertion scheme where subframe #1 and #6 are Type I subframe for illustration only. To do unified channel measurement, we reasonably believe that LTE-A UEs will treat all the Type I RBs as LTE-A RBs. If a RB is scheduled to a LTE UE, other LTE-A UEs in the cell will treat CRS in this RB as is multiplexed with DRS in pilot position.
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Fig.5 Puncture based CRS insertion
From the perspective of mitigating the impact on LTE legacy UE, it is better to assign LTE-A UE into Type I subframe. Certainly, it may cause somewhat additional latency due to the scheduling constraint.
4. Conclusions

Two types of subframes have been introduced in this contribution; Type I subframe contains LTE-A port #4-#7 CRS and Type II subframe does not contain LTE-A related CRS. With such a design, beneficially, both LTE UEs and LTE-A UEs can be freely and efficiently scheduled in either Type I or Type II subframe. To further reduce the negative impact on LTE UEs after inserting LTE-A CRS, we take a sparse CRS pattern and employ time and frequency domain interpolation mechanism. In addition, two types of RBs in Type I sub-frame have been considered. Especially, either superposition based or puncture based CRS insertion can be available in Type I RBs to realize the channel estimation for LTE-A UE.
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