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1 Introduction
In this contribution, we present Samsung’s views on various issues on the CSI-RS design being currently discussed in the e-mail reflector.
2 Number of CSI RS REs per RB
In this section, we discuss how many CSI RS REs per RB are appropriate for facilitating good channel estimation performance to LTE-A UEs, while maintaining good demodulation performance of LTE UEs who do not aware of data symbol puncturing in PDSCH region. If number of CSI RS REs per RB is too small, the channel estimation performance will not be accurate enough and the link adaptation may work poorly. On the other hand, if number of CSI RS REs per RB is too large, system suffers from a large overhead and legacy UEs would experience unacceptable performance degradation. 
2.1 Impact on LTE-A Link Throughput

To find an appropriate number of CSI RS REs per RB facilitating link adaptation for LTE-A UEs, a link throughput simulation is performed. Table 1 summarizes the simulation assumptions, and the CSI RS patterns used for the simulation can be found in Appendix.
	Parameter
	Assumption

	Carrier frequency
	2 GHz

	UE speed
	3 km/h


	Carrier bandwidth
	10 MHz

	Channel model
	TU6

	Cyclic prefix
	Normal

	Number of transmit antennas
	4 or 8

	Number of receive antennas
	2

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14 (11 used for data, 3 used for PDCCH)

	Hybrid ARQ scheme
	No HARQ Scheme

	Scheduling Delay
	1 subframe

	Reference Symbols
	DMRS is used for the data demodulation

	Channel Estimation
	2D MMSE for both CSI RS and DM RS

	periodicity of CSI RS transmissions
	5 subframes


Table 1 Simulation Assumptions

LTE-A Link throughput results with different assumptions of CSI RS are shown in Figure 1. The simulation results shown in this contribution are different from those of our previous contribution [5]. The difference is due to different methods of CQI/PMI estimation used in the simulations. In the previous contribution, we estimated CQI/PMI based on averaged estimated channels in each RB. As one RE per RB (12-subcarrier spaced CSI RS) does not provide good MSE performance in most of the REs as shown in Figure 2, CQI/PMI estimated from averaged estimated channels is most likely not accurate. In the simulations performed in this contribution, on the other hand, we estimated CQI/PMI based on the channels estimated at CSI RS REs only. As SINR increases, the accuracy of the estimated channels at CSI RS REs also improves regardless of the frequency spacing of CSI RS. Accordingly, based on the revised method of CQI/PMI measurement, we could not find link-throughput performance difference among cases with 1 RE (12-subcarrier spacing), 2REs (6-subcarrier spacing) and 4 REs (3-subcarrier spacing) per antenna port per RB.
Hence, for LTE-A UEs’ performance point of view, we propose to have either 1 or 2 CSI RS REs per RB per antenna port.
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Figure 1 Link Throughput results with 1 RE, 2 REs and 4 REs per antenna port
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Figure 2 MSE averaged over REs in an RB
2.2 Impact on LTE UE’s Performance
According to RAN1 agreement in 3GPP RAN1#57bis, CSI RS REs are punctured into the data region of normal/MBSFN subframes and hence LTE legacy UEs cannot recognize the existence of them. When CSI RS are transmitted in normal subframes, LTE legacy UEs would treat signals received in CSI RS REs as valid data signals and hence the demodulation performance of LTE legacy UEs can be degraded. However, as eNodeB is aware of the performance degradation of LTE UEs in subframes with CSI RS, eNodeB may assign a lower MCS to LTE UEs in such subframes to minimize performance impact on LTE UEs. There have been various simulation results presented in contributions, quantifying the impact of CSI RS puncturing in the PDSCH region of LTE UEs with different numbers of CSI RS REs per RB, e.g., [1]

 REF _Ref242446423 \r \h 
[2]

 REF _Ref242446424 \r \h 
[3][4]. In these contributions, it has been shown performance degradation of LTE UEs due to CSI RS puncturing could be severe if the number of CSI RS REs per RB is as small as 8 REs per RB. 

For example, we copy one link-BLER simulation results showing the SFBC performance of LTE UEs with different number of CSI RS REs punctured from [4] in Figure 3. As shown in the figure, the SFBC performance degradation with 8 CSI RS REs punctured can be as large as 4 dB with 16QAM rate 1/2. 
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Figure 3 SFBC performance of LTE UEs with CSI RS puncturing [4]
From the observations made in 2.1 for LTE-A UEs and 2.2 for LTE UEs, we make the following proposals on the number of CSI RS REs per RB.
Proposals: 

1. Either 1 or 2 CSI RS REs per port per RB.

2. Maximum 16 CSI RS REs per RB.

3 CSI RS Placement in an RB

In RAN1#58bis, Rel-10 UE-RS mapping has been completed up to rank-8 transmissions. For Rel-10 CSI RS placement, we need to avoid all the existing RS REs to avoid RS collision, as well as REs for downlink control. We first observe that all the REs in the OFDM symbols assigned for downlink control are not available for CSI RS placement. Excluding a small (1.44MHz) bandwidth case, in non-MBSFN subframes, maximally the first 3 OFDM symbols in a subframe can be used for downlink control. Hence, we propose not to use the REs in the first three OFDM symbols in a subframe in an RB. Secondly, the REs in the OFDM symbols with Rel-8 CRS cannot be used for CSI RS placement to avoid collision between CRS from serving and neighbour cells and CSI RS, as Rel-8 allows cell-specific RS shift. Finally, we consider the REs in OFDM symbols with Rel-8 DRS or Rel-10 UE RS. Obviously, it is not desirable to place CSI RS in the REs with DRS or UE RS; however, it could be allowed to place CSI RS in REs in those OFDM symbols avoiding DRS and UE RS. The resulting placeholders for CSI RS in an RB according to the discussion are illustrated in Figure 4.
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Figure 4 CSI RS placement in REs in an RB
We summarize the discussion in this section, with the following proposal:

Proposal: 

1. CSI-RS should be placed in OFDM symbols other than OFDM symbols with control signals and CRS. In a normal subframe, this implies CRS can be placed in OFDM symbols 3,5 and 6 in an even numbered slot, and in OFDM symbols 2, 3, 5 and 6 in an odd numbered slot. In OFDM symbols with Rel-8 DRS and Rel-10 UE-RS, CSI-RS should be placed avoiding DRS and UE-RS REs. 

4 Conclusion
The proposals made in this contribution are summarized below:
1. 1 or 2 CSI RS REs per port per RB.

2. Maximum 16 CSI RS REs per RB.

3. CSI-RS is placed in OFDM symbols other than OFDM symbols with control signals and CRS. 

Appendix

The CSI RS patterns used for the link throughput simulations are found in Figure 5 for 4-Tx systems, Figure 6 for 8-Tx systems, and Figure 7 for CSI RS splitting, respectively.
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Figure 5 CSI RS Mapping for 4-Tx system
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Figure 6 CSI RS Mapping for 8-Tx system
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Figure 7 CSI RS Splitting in two subframes
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