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1. Introduction
The need for 8-ports common reference signal (RS) in LTE-Advanced has been widely discussed in last meeting. Although either CSI-RS or R8 CRS for channel estimation in case of 4 ports or less is not decided, CSI-RS is necessary for more than 4 ports transmission. In this contribution, the following aspects of CSI-RS are discussed for higher order MIMO:

· Placement of CSI-RS
· Multiplexing of CSI-RS
· Considerations on frame structure type 2

2. Discussion
2.1. Placement of CSI-RS
Overhead of CSI-RS for evaluation has been decided [1], yet placement of CSI-RS in subframe is still to be discussed. One key issue is whether to choose scattered or localized, i.e. the CSI-RS is placed in one or multiple OFDM symbols.
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(a) Scattered                                                                      (b) localized 
Figure 1 placement of CSI-RS
Scattered CSI-RS has been proposed by some companies, as shown in figure 1 (a). In terms of compatibility with R8, fewer symbols can be used for CSI-RS, because most of OFDM symbols have been occupied by RS and other channels, such as PDCCH, PBCH, and P-SCH/S-SCH. 
Especially for uplink-downlink configuration 0 of frame structure type 2, there is only one downlink subframe available, of which the 7th, 8th, 9th, 10th and 14th symbols are occupied by PBCH and S-SCH respectively, as shown in figure2(a).Moreover, there may exist PRB-pair with UE-specific RS in the same subframe, as shown in figure2(b). In order to avoid collision between R8 RS, other physical channels and CSI-RS, the only 6th OFDM symbol can be applied to transmit CSI-RS. 
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(a)  the PRB-pair with other physical channels                           (b)the PRB-pair with UE-specific RS
Figure 2 resource allocation in PRB of LTE-A

Moreover, unified solution for TDD and FDD is highly desirable. Therefore, we suggest: 

· In order to avoid collision with other channel and CRS, CSI-RS is distributed in one OFDM symbol. 

· For both of frame structure 1 and 2, the 6th symbol in downlink subframe is preferred to keep the commonality.
2.2. Multiplexing of CSI-RS
Multiplexing method of multiple ports CSI-RS is a key issue. Two alternatives are considered. We give the details of each alternative scheme hereafter. The following description is based on four-ports CSI-RS, and could be extended to more than four-ports.
Alt1: CDM-based CSI-RS
· Figure 3 shows an example of CDM-based CSI-RS.

· CSI-RSs are inserted in one OFDM symbols by N carriers.

· CSI-RSs adopt orthogonal sequence in full bandwidth, such as ZC sequence. Each port maps to a phase shift.
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Figure 3 an example of CDM-based CSI-RS
· Merit:

When the RS overhead is small, channel quality measurement is still accurate. Since the CSI-RS is full bandwidth-RS, pilot sequence is long enough to distinguish multi-ports. And the adequate density of RS per port is guaranteed. Moreover, the noise can be suppressed by DFT-based channel estimation.
Since overhead of CSI-RS could keep small, performance degradation of R8 UEs due to CSI-RSs is limited. 
· Demerit:
Measurement complexity of UE is increased. In order to distinguish ports, DFT-based channel estimation should be used but is more complex than LS. With  FFT algorithm optimization  and chip performance boosting, complexity of DFT-based channel estimation is acceptable.
Alt2: FDM-based CSI-RS
· Figure 4 shows an example of FDM-based CSI-RS.

· CSI-RSs are inserted in one OFDM symbols.

· Different ports map into different REs.
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Figure 4 an example of FDM-based CSI-RS
· Merit:
Compared with alt1, measurement complexity of UE should be smaller. LS is the simple channel estimation technique. 
· Demerit:
Channel estimation error is increased significantly at low SNR, since the MSE based on LS nearly equals to reciprocal of SNR. For MIMO transmission, the SNR of RS per antenna port usually decreases when the number of port increases. In order to improve the channel measurement accuracy, overhead of RS in subframe should be increased and complex channel estimation technique should be applied. 
Two alternatives are evaluated in terms of channel estimation performance. As illustrated in Figure 5, three cases of CSI-RS multiplexing scheme are considered for the following study. 
Case1: CDM-based CSI-RS occupies 6REs per subframe, which could measure 4 different channels
Case2: FDM-based CSI-RS occupies 8REs per subframe, which could measure 4 different channels
Case3: R8 CRS for port 3 or 4 
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case1                                                     case2                                          case3
Figure 5   three CSI-RS multiplex schemes
For case2 and 3, two-dimension MMSE is applied to improve performance of channel estimation. In simulation, power boost of RS is not considered. Other simulation parameters are given in Table 1 and simulation results are shown in figure 6. From the simulation results, we see that:

At low and medium SNR, case1 achieves better MSE than case2 and case3. Because CDM-based scheme can make the best use of full-bandwidth RS, thus DFT-based channel estimation suppresses noise effectively. At high SNR, case1 has similar performance as case2 and case 3. Therefore, both CDM-based and FDM-based CSI-RS should be investigated further. 
Table 1 Simulation parameters for multiplex scheme of CSI-RS 

	Number of Antennae
	8×2

	Carrier Frequency
	2.0GHz

	Inter element distance at UE
	0.5lambda

	Inter element distance at eNodeB
	0.5 lambda

	system bandwidth
	5M

	Channel Model
	TU

	UE Speed
	30km/h

	Channel Estimation
	CDM: DFT based estimation for pilot

FDM:2D-MMSE for pilot
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Figure 6 channel-estimation mean square errors in different CSI-RS multiplex schemes
2.3. Consideration on frame structure type 2
In [2], CSI-RS density in time domain has been investigated, which is applicable to both TDD and FDD. When CSI-RS is assigned in LTE-A and LTE hybrid subframe, degradation of LTE UE performance could not be avoided. In order to avoid degradation of LTE UE performance completely, special subframe in frame structure type 2 could be used.
Below are the details on how to accommodate CSI-RS in special subframe: 
When symbol number of DwPTS equals 3, the 3rd symbol of DwPTS except S-SCH, as illustrated in figure 7(a), could be applied to transmit CSI-RS. Since these resources are null [3], it will have no impact on R8. And, the location of CSI-RS could be informed to LTE-A.
When symbol number of DwPTS is larger than 3, the last symbol of DwPTS could be assigned to transmit CSI-RS. In order to avoid impact on R8, the last symbol of DwPTS is regarded as GP for R8 UEs, as illustrated in figure 7(b). And, the location of CSI-RS could be informed to LTE-A.
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(a)                               (b)
Figure7 locations of CSI-RS in frame structure 2
3. Conclusion
Our recommendations on the CSI-RS design based on the discussions in this contribution are listed below: 

· In order to avoid collision with other physical channel and R8 RS, CSI-RS is distributed in one OFDM symbol. For both frame structure 1 and 2, the 6th symbol in downlink subframe is preferred.
· Both CDM-based and FDM-based CSI-RS should be investigated further. 
· CSI-RS can be assigned in TDD special subframe.
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