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1 Introduction
In order to meet the peak data rate requirement [1], LTE-Advanced will support eNBs with 8 transmit antennas. Therefore, the cell-specific reference signal (CRS) structure for 8 antenna ports should be defined for the UE measurement, CQI report, and demodulation.
In the LTE release 8, the CRS overhead for 4 transmit antennas is 14.28%. If the same density as for antenna ports 2 and 3 in LTE is used for the new antenna ports 4~7, it would result in a very high CRS overhead of 23.8% [2]. Therefore, a new CRS structure supporting 8 antenna ports but not significantly increasing the CRS overhead should be suggested.

Also, in view of backward compatibility, both LTE and LTE-A UEs should be supported in an LTE-A cell and an LTE UE should be able to operate within an LTE-A cell with almost the same performance as in an LTE cell.

In Section 2, we briefly review some key features of existing proposals for supporting 8 antenna ports and in Section 3 we propose a new CRS structure with code division multiplexing (CDM)-based orthogonal sequence by considering the CRS overhead and backward compatibility.
In Section 4, simulation results are given and Section 5 concludes the contribution.
2 Brief review of existing proposals
In [3] and [4], it was proposed that subframes are classified into several different types, i.e., unicast release 8 subframe, unicast release 10 subframe, and MBSFN subframe. The CRSs for antenna ports 4~7 are supported only in the release 10 subframe. Also, in [3], to be backward-compatible with the current release 8 LTE signalling, the unicast release 10 and MBSFN subframes are treated as the MBSFN subframes by the LTE UEs, and additional signalling is transmitted, on SIB in the BCCH, for LTE-A UEs to be able to distinguish between the unicast release 10 and MBSFN subframes.
For the CRSs of antenna ports 4~7 in the unicast release 10 subframe, additional resource elements are used. However, as mentioned in [2], if the additional resource elements are used for antenna ports 4~7 with the same density as for antenna ports 2 and 3 in the release 8, the CRS overhead in the release 10 subframe would amount to 23.8% and it is too high.

3 Proposed CRS structure for 8 transmit antennas

We prefer to classify the subframes into different types and to have the unicast release 10 subframe treated as the MBSFN subframe by the LTE UEs. In this contribution we focus on how to support the CRSs for antenna ports 4~7 in the release 10 subframe by considering the backward compatibility and CRS overhead.

Because the release 10 subframe should be treated as the MBSFN subframe by the LTE UEs, the CRS structure for its first and second OFDM symbols should not be changed in comparison with the unicast release 8 subframe.
We expect that 8 transmit antennas will be used in some scenarios such as an indoor office. Usually, delay spread of an indoor environment is not long. For example, in the WINNER 2 indoor channel model given in Appendix, the maximum delay spread is 350 nsec for LOS case and 175 nsec for NLOS case. Therefore when we design reference signals for 8 transmit antennas, we may not consider the extended CP case. 

Considering the above statements, we propose a CRS structure with CDM-based orthogonal sequences for the release 10 subframe as shown in Fig. 3‑1. In the 5th, 8th, 9th, and 12th OFDM symbols, the CRSs for the two antenna ports are simultaneously transmitted using the same resources and different orthogonal sequences. For example, in the 5th OFDM symbol time, CRSs for the antenna port pairs (0 and 4) and (1 and 5) are simultaneously transmitted using the same resources. 
To support UEs with a moderately high speed, the CRS density for antenna ports 4 and 5 is higher than that for antenna ports 6 and 7. Since the CRS density for antenna ports 6 and 7 is very low, those antenna ports should be used only for the low speed environment.
In our proposed CRS structure, the same CRS overhead is maintained as in the LTE Rel. 8 specifications even though the CRSs for antenna ports 4~7 are supported. By choosing proper orthogonal sequences and using channel estimation schemes such as the DFT-based one, the channel impulse responses for the two antenna ports can be well distinguished in the low delay spread channel environment such as indoor channel.
Actually, a similar CRS structure has been already proposed in [5] and discussed for a long time. In [5], the CDM-based orthogonal sequences were used to distinguish the reference signals of three sectored cells. However, as explained in detail in [6], this was not accepted into the current LTE specifications due to the timing tracking, channel estimation, and noise variance estimation problems. 

In the proposed scheme, however, CDM-based orthogonal sequences are used to distinguish the CRSs for two antenna ports in the same cell and moreover, the CDM-based CRS multiplexing is not used in the 1st OFDM symbol. Therefore, our proposed structure does not cause the timing tracking and noise variance estimation problem. Also, since orthogonal sequences are used for the distinction between only two antenna ports instead of three sectored cells, the channel estimation problem in our structure is not as much severe as in [5].
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Fig. 3‑1 - DL CRS mapping for the release 10 subframe
4 Simulation results
Simulation environments
Simulation parameters are given in Table 4‑1. The cluster delay line (CDL) parameters of LOS and NLOS condition for WINNER 2 channel model are given in Appendix.
Table 4‑1 Simulation parameters
	Parameter
	Value

	Carrier frequency
	2.6GHz

	Channel model
	WINNER 2 indoor channel

	Mobile speed
	3 km/h

	Antenna configuration
	8 tx. Antennas, 8 rx. Antennas

	Bandwidth
	20MHz

	Channel Estimation
	DFT-based scheme in frequency domain and linear interpolation in time-domain


Simulation results
Fig. 4‑1 shows the channel estimation mean-squared error performance of the transmit antenna port 0 for the non-line-of-site (NLOS) case. The blue line means the performance for the CRS structure of Rel. 8 spec. supporting 4 transmit antennas and the red line is for the proposed CDM-based CRS structure supporting 8 transmit antennas.
Fig. 4‑2 shows the channel estimation mean-squared error performance of the transmit antenna port 0 for the line-of-site (LOS) case.
The simulation results show that the channel estimation performance degradation for the proposed CDM-based structure is negligible in WINNER 2 indoor channel model.
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Fig. 4‑1 – Channel estimation mean-squared error for the WINNER 2 indoor channel model (NLOS case)
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Fig. 4‑2 – Channel estimation mean-squared error for the WINNER 2 indoor channel model (LOS case)
5 Conclusion

We agree with some of existing proposals for the followings:

· The subframes are classified into different types, i.e. unicast release 8 subframe, unicast release 10 subframe, and MBSFN subframe.

· Antenna ports 4~7 are supported only in the release 10 subframe.

· The release 10 subframe is treated as the MBSFN subframe by the LTE UEs

To support the antenna ports 4~7 in the release 10 subframe, we have proposed the CRS structure with CDM-based orthogonal sequences. The proposed structure maintains the same CRS overhead as in the release 8, and the simulation results show that the channel estimation performance degradation for the proposed CDM-based structure is negligible in WINNER 2 indoor channel model.
A. Appendix
The cluster delay line (CDL) parameters of LOS and NLOS condition for WINNER 2 channel model are given in Table A‑1 and Table A‑2 [7].
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Table A‑1 LOS Clustered delay line model, indoor environment
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Table A‑2 NLOS Clustered delay line model, indoor environment
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