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1 Introduction  
In the last meeting, potential CSI-RS enhancement has been discussed to accommodate the increased dimension of 2D array antennas. The following agreements are included in the TR [1]. 
 Definitions for TR: 

· Non-precoded:
· This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. 

· Beamformed:
· This category comprises schemes where (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions. 

· Note that further fine-tuning of these definitions can be further discussed. 

· FFS how/if CDD-type schemes are categorized according to the above definitions. 

· FFS how hybrid non-precoded/beamformed schemes will be defined according to the above definitions. 

In this contribution, we give our views on the potential CSI-RS enhancements schemes for non-precoded CSI-RS.
2 Discussion on CSI-RS enhancement for EBF/FD-MIMO 
2D antenna array with larger number of TxRUs is introduced for FD-MIMO. In contrast to the conventional antenna system, 2D antenna array allows more flexibility in vertical domain in addition to the horizontal domain freedom.  In order to fully utilize the benefit of FD-MIMO, the CSI measurement procedure is crucial and need to be carefully investigated. 
Non-precoded CSI-RS based scheme implies that one CSI-RS port can only mapped onto one TxRU without any virtualization. Under this scheme, full CSI-RS port measurement scheme is a natural extension from legacy CSI-RS ports measurement mechanism. Full CSI-RS port measurement and feedback scheme stands for the scheme that all the CSI-RS ports cover all the TxRUs in the one to one mapping manner so that full channel spatial information can be obtained. Given that, this scheme can achieve the optimal measurement performance as full freedom of antenna ports can be utilized and the full channel information can be measured. 
For 16 CSI-RS ports, the overhead of 16 CSI-RS ports increased only 1% comparing with 8 CSI-RS ports and this increased overhead is acceptable if considering the performance gain brought by utilizing full freedom of all the TxRUs. Therefore, in our view, the non precoded CSI-RS scheme is a good trade off between performance and overhead for 16 CSI-RS ports. And non precoded CSI-RS scheme should apply for 16 CSI-RS ports.
Proposal 1: Non-precoded CSI-RS scheme should apply for 16 CSI-RS ports.

The principle for the new CSI-RS ports pattern design can consider constructing multiple existing CSI-RS port patterns. There are generally three optional schemes which are one PRB pair based CSI-RS pattern design, TDMed among different subframes based CSI-RS pattern design, FDMed among different PRB pair CSI-RS pattern design. 
We will give our analysis on these three optional schemes in the following section.
· TDMed among different subframes based CSI-RS pattern design
In Figure 1, the 16 ports CSI-RS pattern is constructed with two 8 ports CSI-RS patterns from different subframes. CSI-RS ports index with 0 to 7 is located in subframe m, and CSI-RS ports index with 8 to 15 is located in subframe n. For this scheme, it will lead to the phase shift for two antenna groups located in different subframes due to existing of the frequency offset .We can define 
[image: image1.wmf]j

D

as the phase shift between the two subframes, then
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can be written as
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wherein, the 
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is the frequency offset and 
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is the time duration between the two subframes. In practical systems, the UE always measures the CRSfor frequency tracking and correct the frequency offset. If the frequency offset can be corrected completely, the phase shift will also diminish. But if there is residual frequency offset, e.g.100Hz, then the phase shift will reach up to 
[image: image6.wmf]p

 if assuming there are 5 subframes distance between the two CSI-RS groups. If the quantization granularity of codebook is smaller than the phase shift, then the selected PMI will be incorrect. Therefore, the frequency offset estimation accuracy based on CRS should be evaluated and its impact on the PMI measurement should be further investigated. The distance between the two subframes to constitute the 16 CSI-RS ports should take the requirement of the phase shift error into consideration.
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Figure 1.TDMed among different subframes based CSI-RS pattern design
· One PRB pair based CSI-RS pattern design 
Figure 2 illustrates a one PRB based 16 ports CSI-RS pattern which is TDMed among different OFMD symbols within one PRB pair. CSI-RS ports index with 0 to 7 is located at the 5th and the 6th OFDM symbol, and CSI-RS ports index with 8 to 15 is located at the 9th and 10th OFDM symbol. Due to the time spacing is only two OFDM symbol, the phase shift is 
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for 100 Hz frequency offset. And the impact on PMI selection caused by phase shift can be regarded as marginal.
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Figure 2.one PRB pair based CSI-RS pattern design within legacy CSI-RS resource pool
The above new 16 ports CSI-RS pattern design is constricted within the legacy CSI-RS resource pool. Under this design principle, the reuse factor for 16 ports CSI-RS pattern is only 2 as maximum available resource is 40 REs for normal subframe. If we break the resource pool restriction, other resources than the legacy 40REs can also be used for 16 ports CSI-RS pattern design, more 16 ports CSI-RS pattern configurations can be obtained. Figure 3 shows a CSI-RS pattern design method which makes use of all the available REs except PDCCH. There are totally 9 configurations of 16 ports CSI-RS pattern as 144 available REs. Among these configurations, there are FDMed and CDM-T manner such as the CSI-RS pattern with pink. The CSI-RS pattern with purple and dark red is a mixed manner with CDM-F within one OFDM symbol and CDM-T across two OFDM symbols. The rest of the CSI-RS patterns are CDM-T and TDMed manner.
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Figure 3.one PRB pair based CSI-RS pattern design without restriction of legacy CSI-RS resource pool
However, for this scheme, R8 UE will suffer from serious performance loss as the resource will be punctured by the new 16 CSI-RS ports if the UE is scheduled in this subframe. Previous design principle is to distribute the CSI-RS overhead uniformly in time domain as much as possible to avoid the excessive overhead in one subframe. For R10 UE, the muting signalling can be used to inform UE the new CSI-RS pattern and UE can perform the rate matching if it has the knowledge of the new CSI-RS pattern information. Therefore, it should consider the impact on the legacy R8 UE for the one PRB pair based CSI-RS pattern design.

· FDMed among different PRB pair CSI-RS pattern design
In figure 4, it shows that the two CSI-RS ports groups are located at two adjacent PRB pairs. The CSI-RS ports with index 0~7 are transmitted in the first PRB pair, and the CSI-RS ports with index 8~15 are transmitted in the second PRB pair. As when CSI-RS port 0 is transmitted, the power of port 2~port 15 can be boosted onto port 0, the boosted power can be 9dB at maximum. But due to the agreement from RAN4, the maximum power boosting is 6dB.Therefore, the power of muted REs of the 8 out of 16 ports cannot be used and it will be wasted.
In addition, the density in frequency domain for each CSI-RS port of FDMed among different PRB pair CSI-RS pattern will be reduced to 1RE every two PRB pairs compared to the 1RE per PBR pair of the legacy CSI-RS pattern .The reduced CSI-RS density in frequency domain will degradethe channel estimation accuracy.
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Figure 4.16 ports CSI-RS pattern of FDMed with different PRB pairs

According to the above analysis, we have the following proposals for the non-precoded CSI-RS pattern design:

Proposal 2: Non-precoded CSI-RS pattern design can consider TDMed among different subframes based CSI-RS pattern design, one PRB pair based CSI-RS pattern design, FDMed among different PRB pair CSI-RS pattern design.

3 Conclusions
In the section, we give our analysis on the non-precoded CSI-RS enhancements scheme. And we proposed that: 

· Proposal 1: Non-precoded CSI-RS scheme should apply for 16 CSI-RS ports.
· Proposal 2: Non-precoded CSI-RS pattern design can consider TDMed among different subframes based CSI-RS pattern design, one PRB pair based CSI-RS pattern design, FDMed among different PRB pair CSI-RS pattern design.
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