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1 Introduction
In 3GPP RAN1 WG1#56bis in Seoul, Korea, March 2009, companies shared their views on the DL RS design for higher order MIMO ([3]--[11]) and reached on an agreement [2]. 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

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.
· Our current preference is to reuse the existing CRS as CSI-RS. For example, for an 8-Tx system with two Rel-8 CRS, we only need to add 6 additional CSI-RS, while for an 8-Tx system with four Rel-8 CRS, we only need to add 4 additional CSI-RS.  However, we are also currently investigating the tradeoff between this approach and the approach of adding 8 additional CSI-RS.
· A decision on whether or not to add 8 CSI-RS can be made in the work item phase. 
2 New RS Mapping in LTE-A Frames
Figure 1 shows an example RS mapping in 10 subframes of a Rel-10 frame. The new CQI RS is assigned in every fifth subframe starting from subframe #1, where the CQI RS can be allocated either in the system RBs or only in a subset of system RBs. UE-specific precoded DM RS can be allocated in the RBs where 8-Tx transmissions take place, in addition to the LTE cell-specific RS. 
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Figure 1: RS mapping in a frame.

3 CSI-RS Pattern Design 
We summarize our views on CSI RS design on some detail issues below:

1. Frequency density of CSI RS: To sufficiently capture the frequency selectivity, we think it is adequate to have frequency density per antenna port to be 1 in 6 subcarriers in the subframes with CSI RS, as similar to what we have in Rel-8 cell-specific RS. This frequency density can be obtained via two approaches. In one approach (Approach 1), we allocate the RS REs of an antenna port every six subcarriers in one OFDM symbol. In another approach (Approach 2), we allocate the RS REs of an antenna port every twelve subcarriers in two OFDM symbols, where the subcarriers containing RS REs in one OFDM symbol are offset by six subcarriers in the other OFDM symbol. 
2. Time density of CSI RS: To sufficiently capture the time-varying channel, we propose to have the CSI RS density per antenna port in subframes to be configurable, for example, 2, 5, or 10 subframes, as suggested by other companies (for example, [7]). 

3. Number of CSI RS’s in a subframe: Depending on the number of Tx antennas, different number of CSI RS’s can be assigned in one subframe. For example, when eNodeB has 8 Tx antennas and we are to provide 6 additional CSI RS’s  (assuming reuse of 2 existing Rel-8 CRSs), we may want to split the CSI RS’s into multiple subframes, to reduce the CSI RS overhead and furthermore to reduce the impact on the legacy UEs when CSI RS’s are inserted in backward-compatible subframes. 

4. Impact on the legacy UEs when CSI RS is allocated in backward compatible subframes: 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., [12][13]. In [12], legacy UE’s SFBC performance was evaluated, while in [13], 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. Interestingly, [12] shows that the SFBC transmission to legacy UEs with 8 CSI RS REs punctured suffers much more than with 4 CSI RS REs punctured. We observe that this result is caused from the specific RS pattern assumed in the contribution. Since SFBC pairs up two adjacent REs, if one symbol of the SFBC pair is impaired, the demodulation of two modulation symbols is degraded. Thus, in effect, sixteen modulation symbols are affected if eight separately located CSI RS are punctured. To mitigate this effect, we may consider sending CSI RS in two adjacent REs in the subcarrier domain.
Based on the above discussion, we consider CSI RS patterns as shown in Figure 2, where both patterns have CSI RS REs such that each group of 2REs will start at even subcarrier index, to avoid space-frequency block code (SFBC) interference between the advanced RS REs and legacy data REs, when the legacy UE is using SFBC or SFBC-FSTD transmission. This mapping of group of two REs can be found in the context of DM RS in other contributions as well [4]

 REF _Ref228590451 \r \h 
[8]. With CSI RS pattern A, pilot power of an antenna port can be boosted up to 6 dB by pulling the unused powers in the other RS REs, while with CSI RS pattern B, pilot power can be boosted up to 3 dB. 
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Figure 2 CSI RS patterns

If eNodeB is to transmit eight distinct CSI RS’s for eight antenna ports, eNodeB may assign two subframes to transmit  the six additional CSI RS’s (assuming reuse of 2 existing Rel-8 CRSs), one subframe for CSI RS 0, 1, 2, 3, and the other subframe for CSI RS 4, 5, as illustrated in Figure 3. We note that UE-specific DM RS can be placed when needed in any subframe in the figure. 
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Figure 3 Six CSI RS’s transmitted in two subframes
4 Conclusions
In this contribution, we presented some design considerations on the CSI RS. In particular, to mitigate the negative impact on legacy UE’s performance in a backward compatible subframe where CSI RS is transmitted, it is proposed to design a CSI RS pattern to occupy groups of two adjacent REs starting from even-index subcarrier. Furthermore, to reduce the CSI RS overhead within a subframe, it is proposed for eNodeB to transmit the additional CSI RS’s in two subframes. 
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