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1 Introduction
The agreements reached so far (up to 3GPP RAN1 WG1#57bis) on DL RS design for higher order MIMO in the chairman’s notes are summarized 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 
· LTE-Advanced supports the Rel-10 PDSCH to be mapped also to MBSFN (non-control) region of MBSFN subframes that are not used for MBMS

· In case of PDSCH mapping to MBSFN subframes, both normal and extended cyclic prefix can be used for control and data region, same CP length is used for control and data

· Use of mixed CP lengths in data and control region is FFS

· Relation between CP length of normal and MBSFN subframes in the control region is the same as in Rel-8

· CSI RS are punctured into the data region of normal/MBSFN subframes

2 Discussions on CSI-RS Placements
2.1 Duty-cycle vs. frequency hopping
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Figure 1 Examples of the duty-cycle based and the frequency-hopping based CSI RS placements

In [1], some discussions can be found on whether to transmit CSI RS in all the RBs in a subframe (duty-cycle based) or to transmit CSI RS in a subset of RBs (frequency-hopping based). We summarize pros and cons for the two alternatives below.
· Alt 1 (duty-cycle): Place a cell’s CSI-RS in all the RBs except for RBs where PBCH/PSS/SSS are transmitted in a subframe (or in a slot). The subframes (or slots) sending CSI-RS are periodically configured. An example is illustrated in Figure 1(a).
· Pros: 
· Simpler implementation of channel estimator. 
· Better accuracy in frequency-selective channels when channel estimation is done per subframe.

· Cons: 
· More CSI RS REs punctured in Rel-8 DL PDSCH in non-MBSFN subframes. 
· Alt 2 (frequency hopping): Place a cell’s CSI RS in a subset of RBs in a subframe. The RBs containing CSI RS hops from one subframe to another. The subframes (or slots) sending CSI-RS are configured periodically or non-periodically. An example is illustrated in Figure 1(b).
· Pros: 
· Rel-8 DL performance could get less impact since less CSI RS REs punctured in a subframe.

· Could be beneficial for CoMP measurement, since it allows one subframe to have multiple cell’s CSI RS in separate RBs.

· Cons: 
· Could require slightly more complicated implementation of channel estimator. 
· The channel estimation accuracy could be worse in frequency-selective channels when channel estimation is done per subframe. However, for low-speed LTE-A UEs, the degradation could be compensated if they estimate channels in multiple subframes containing CSI RS. 

Proposal: Seeing these pros and cons, we propose to keep both alternatives open to discuss more, and decide either of them in the work item phase.

2.2 8-CSI RS placement in subframes

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 2, 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 2 Eight CSI RS’s transmitted in two subframes
2.3 Configuration of CSI-RS placements

For flexible system configuration for LTE-A UEs, eNodeB should be able to configure the time-frequency resources that CSI-RS are to be transmitted. To do this, we may consider two approaches: non-periodic configuration and periodic configuration. 
1.  Non-periodic: defined in terms of indices of the subframes contained in 10 msec radio frame, for example.

· Higher-layer signaling (broadcasted message).

2.  Periodic:
· The periodicity of CSI RS placement of a cell (in terms of the number of time slots or subframes) made configurable by,

· Higher-layer signaling (broadcasted message).
· The configuration of the subframe (or slot) offset of CSI RS is done by

· Higher-layer signaling (broadcasted message).

· Cell-id based. 

2.4 CSI-RS placements facilitating CoMP Measurements
On the other hand, to facilitate CSI measurement of multi-cells for CoMP at CoMP UEs, it is important to let the CSI RSs from multiple cells not to collide in REs. For this purpose, we can assign CSI RSs from multiple cells in different time-frequency resources, by utilizing cell-specific shifting of resources just as in Rel-8 subcarrier-level cell-specific RS shifting. We see that there are various dimensions for cell-specifically shifting CSI RS resources, including:
· Subcarriers.

· OFDM symbols

· Subframes or slots.

· Combinations of the above four.

Generally speaking, the signaling of the cell-specific resources can be done either in higher-layer signaling or cell-id based implicit mapping. If we assume that CoMP UEs know the cell ids of the cells in their CoMP reporting set, then cell-id based implicit mapping could implicitly indicate the time-frequency resources of CSI RS from the multiple cells. On the other hand, if CoMP UEs are not aware of the cell-ids, then the serving eNodeB may send a higher-layer signaling message indicating the time-frequency resources for the other cells’ CSI RS resources. For example, we suppose that CSI RS time-frequency resources may shift in 3 subcarriers and in 10 subframes in each cell in the CoMP reporting set. For subcarrier-level shifting we have 3 possibilities and subframe-level shifting we have 10 possibilities, or we have 3x10=30 different shifting possibilities in total. In this case, a higher-layer signaling of 5 bits of information per cell informs CoMP UEs of the CSI RS time-frequency resources about the CoMP cells.
 

3 Conclusions
In summary, Samsung’s views on the CSI RS placement are:

· We see pros and cons for both duty-cycle-based and frequency-hopping-based CSI RS placements. Hence, we would like to keep both options open in the study item phase to discuss more.

· For 8-CSI RS placements in subframes, we may consider splitting the 8 sets of CSI RSs in multiple subframes, to minimize the performance degradation to legacy UEs.

· The time-frequency resources for CSI RS for a cell can be signaled by indicating the subframe indices having CSI RS in a radio frame (non-periodic indication), or by indicating a period and an offset in subframes (periodic indication). 

· For CoMP measurements, we may consider cell-specific CSI RS resource shifting in subcarriers, in RB(G)s, in OFDM symbols and/or in subframes/slots, similarly to the Rel-8 cell-specific subcarrier-level CRS shift. 
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