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1 Introduction
In 3GPP RAN1 WG1#56bis and WG1#57, companies shared their views on the DL RS design for higher order MIMO ([1]--[13]) and reached on an agreement [14]. The conclusions are copied below:
· Estimates of RS overhead for evaluations (figures assume normal CP)

· CSI-RS overhead of 1/840=0.12% per antenna port (8 antenna ports = 0.96%)

· Possibility of assuming a larger/lower overhead in simulations of CSI-RS is not precluded (e.g. a larger time density)

· Example:

· Time density: 1 symbol every 10ms per antenna port: 1/140 

· Frequency density: 1 subcarrier every 6 subcarriers per antenna port: 1/6

· DM-RS

· Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)

· Rank 2 transmission: 12 REs per RB to be confirmed

· Rank 3-8 transmissions: max 24 REs (total) per RB

· Strive for same REs per antenna port in each Rank
· Possibility to configure the periodicity of CSI RS transmissions in terms of an integer number of subframes. 

· Allow transmissions of PDSCH to Rel-10 UEs in MBSFN (LTE-Advanced) subframes

· Possible to configure CSI RS for transmission in LTE-Advanced subframes

· Possible to use LTE-Advanced features without any LTE-Advanced subframes

· Cell specific CSI RS possible to transmit in normal, Rel-8, subframes.

· Studies on CSI RS impact on PDSCH transmissions to Rel-8 UEs for various RS densities needed

· There should be no impact from CSI RS transmission on transmission of PBCH/PSS/SSS 

· Consider implementation complexity and achievable channel estimation accuracy when considering hiding CSI RS as part of the control region

· Strive for same CSI RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)

· DM-RS in support of up-to 8 transmission layers will need to be defined

· No mixed use of Rel-8 CRS and Rel-10 CSI RS for a configured Rel-10 CSI measurement of a given cell at Rel-10 UE (for all possible number of antenna ports in the cell)
· For the configured CSI measurement the UE measures either on Rel-8 CRS or on Rel-10 CSI RS for the given cell.
· 8 Rel-10 CSI RS can be configured for Rel-10 CSI measurements in a given cell
· For this case of Rel-10 CSI measurements, only the 8 Rel-10 CSI RS are used for the CSI measurements corresponding to the given cell
· Mixed use of Rel-8 CRS and Rel-10 CSI RS for a configured CSI measurement of a given cell at Rel-10 UE is not precluded if some benefits can be clearly shown, e.g., overhead reduction and performance improvement 
Samsung’s view on the CSI RS in general is summarized below:

· CSI RS in the PDSCH region.
· In case eNB supports up to a maximum of 4 layer transmission (actual transmitted layers are subject to UE capability), only Rel-8 cell-specific CRS are used for channel measurement, and no new CSI-RS is defined.
2 CSI-RS Density and Impact on the Legacy UEs’ Performance
The impact on the legacy UEs’ performance with CSI RS inserted in the backward compatible subframes has been investigated in a few contributions, e.g., [15]

 REF _Ref228376436 \r \h 
[16], with various CSI RS density. In [15], legacy UE’s SFBC performance was evaluated, while in [16], legacy UE’s single-stream transmission performance was evaluated in a few different channels. In both contributions, it has been shown that the negative impact on the legacy UEs is within one dB with QPSK low coding rate with 4 RS REs punctured due to CSI RS. 
In this section, we evaluate the BLER performance of legacy SFBC subframe with CSI RS punctured with various CSI RS density. The CSI RS patterns considered in the link-level simulation is described in Figure 1. 
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Figure 1 CSI RS Patterns
Furthermore, the link-level simulation parameters are summarized in the table below:
	Carrier frequency 
	2 GHz 

	Bandwidth 
	10 MHz 

	Channel Model 
	TU-6 3km/hr 

	Antenna configuration 
	2x2, No correlation bet\ antennas 

	Transmission scheme
	2-Tx SFBC

	Channel estimation 
	Ideal channel estimation 

	RB Assignment 
	6 RBs 

	MCS
	QPSK/16QAM Rate 1/2

	CSI RS RE to PDSCH RE Power Ratio
	1 or 1/2


The BLER performance with CSI RS RE to PDSCH RE power ratio 1 and 1/2 is shown in Figure. As shown in the figure, the 8-RE pattern is more than 1 dB worse than 4 RE patterns with BLER 1e-1, while the two 4-RE patterns show similar performance. On the other hand, the performance degradation of 4 RE patterns with QPSK rate 1/2 is less than a dB worse than the reference BLER results without CSI RS puncturing.
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Figure 2 BLER Performance of legacy SFBC subframes with CSI RS Puncturing
In order to minimize the performance degradation with introducing CSI RS in the legacy PDSCH region, we may consider maintaining the CSI RS density small. With small CSI RS density, we may not always be able to map all the CSI RSs in one subframe, if we want to maintain sufficient tracking of frequency-selectivity. In this sense, in the case of 8 CSI RS insertion, for example, we may consider splitting the 8 CSI RSs in multiple subframes; as illustrated in Figure 3, CSI RS 0, 1, 2, 3 can be mapped in one subframe, while CSI RS 4, 5, 6, 7 can be mapped in another subframe. 
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Figure 3 Eight CSI RS’s transmitted in two subframes
3 Conclusions
In this contribution, we analyzed the BLER performance of legacy SFBC transmissions with CSI RS puncturing. In order not to degrade the SFBC performance with CSI RS puncturing much, we propose to maintain the CSI RS density small. Furthermore, in case a large number of CSI RSs need to be mapped, we propose to split CSI RS ports to be mapped in multiple subframes.
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