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1. Introduction
In RAN1#58 the following was agreed as a baseline for further progress of the CSI-RS discussions [1]:
· 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 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
· Possibility to configure the periodicity of CSI RS transmissions in terms of an integer number of 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)
· 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.
· FFS if new CSI-RS is needed in case of supporting a maximum of 4 layer transmission
· Otherwise, the new CSI-RS (up to 8) is to be defined
CSI-RS can be used to calculate CQI, select PMI and RI in supporting multiple LTE-Advanced features, e.g. closed-loop MIMO and CoMP. It should be cell specific and much sparser in time-frequency domain due to slowly time-variant and less accuracy required for CQI. In addition, back-forward compatibility requires low density of CSI-RS in order to lessen the impact on legacy LTE UEs. 
This contribution tries to continue discussing further progress on CSI RS work for LTE-A.
2.  
Considerations on CSI RS
2.1. Overheads
From the way forward agreed in RAN1#58, the overhead of CSI-RS per antenna port for LTE-A transmission is the same for all ports, i.e., 0.12% per port, and thus the overall additional overhead for LTE-A antenna ports is 0.96%. However the CSI-RS density over time and frequency domain can be designed under the overhead constraints.
2.2. 
Possible Subframes with LTE-A CSI-RS
According to the specifications in LTE release 8, subframe 0, 1, 4, 5, 6, 7, 9 may contain system or control information, such as, PBCH, SS, for type 1 or type 2 frame structure. We should avoid the conflict of CSI-RS with the REs carrying system information as described in the Section 1 if we would like to insert CSI-RS into any subframe. On the other hand, to unify the CSI-RS design [2], it’s better to place LTE-A CSI-RS on one or some of subframe 2, 3, 7, 8 [3] as shown in Figure 1. The clear and common understanding is that, distributing 8 CSI-RS over multiple subframes makes low CSI-RS density in a whole but possibly affects large number of LTE UEs, whereas distributing over one subframe only affect few LTE UEs but with heavy impact. Therefore, the tradeoff of two aspects should also be considered in CSI-RS design.
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Figure 1: Possible subframes with CSI-RS
2.3. 
Impact of CSI-RS Puncturing
2.3.1. Legacy CRS and PDCCH Impact
In order to keep legacy support, CSI-RS for LTE-A should avoid conflicting with legacy cell-specific RS. This means the legacy CRSs marked as pink grid in Figure 2 should be left for 8 CSI-RS. In addition, CSI-RS should not be placed on PDCCH region marked as gray grid.
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Figure 2: Cell specific RS for LTE release 8
2.3.2. Legacy PDSCH Impact
Given the overhead per antenna port in conjunction with both possible and impossible positions for 8 CSI-RS placement, it’s desired for 8 CSI-RS to have as low impact as possible while keep high accuracy in CSI estimation for LTE-A UEs. The task here is to choose the optimal position or positions of CSI-RS in one RB if the RB contains CSI-RS. To begin with, let us consider the effect of different RE on the demodulation performance of PDSCH for LTE UE. As PDSCH demodulation is based on channel estimation with aid of CRS, different RE may have different channel estimation performance due to the physical distance from the relative position of the CRS around. Commonly, the RE with more and/or closer to CRS experiences more accurate channel estimate than the RE with sparser and/or farer away from CRS does. On the other hand, the RE experiencing more accurate channel estimation is relatively more important than the RE experiencing inaccurate channel estimation. These observations motivate us to find the optimal CSI-RS placement to make low impact on legacy LTE UE.
Figure 3 shows an example of the distribution of statistical mean square error (MSE) performance over one RB. It is observed that red and blue grids have a larger difference in accuracy of channel estimation. We suggest choosing the upper-right REs, if possible, for CSI-RS puncturing as depicted in Figure 3, which makes the less impact on LTE UE.
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Figure 3: Statistical MSE distribution of channel estimation.
2.4. 
DM-RS Impact
As DM-RS is also adopted in LTE-A system, CSI-RS and DM-RS should be coexistent and thus the arrangement of the CSI-RS shall void collisions with newly designed DM-RS patterns of all possible layer numbers up to eight for Rel-9/10. Figure 4 is the DM-RS pattern of dual beamforming for Rel-9 agreed in Shenzhen meeting [5], which should be taken into account when we design CSI-RS. Furthermore, in order to avoid inter-cell interference between CSI-RS and DM-RS, Rel-8 CRS, it’s better for CSI-RS to be located in a separated OFDMA symbol. 
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Figure 4: Rank-1 and 2 DM-RS for dual-beamforming of Rel-9 agreed in [5].
2.5. Performance Improvement of CSI Estimation for LTE-A
As the density of CSI-RS is quite low, the CSI-RS position should be elaborately determined to ensure satisfactory of CSI estimation, meanwhile take the consideration in subsections 2.3 and 2.4 into account. In most applications, the estimated CSI information is fed back to eNode B to facilitate closed-loop adaptive transmission. As discussed before, extreme low density of CSI-RS inherently achieve low accuracy CSI estimation even though some optimizations are involved in enhancement of estimation performance. Therefore, what we can do is to make the effect of CQI/PMI/RI feedback delay as small as possible. This observation motivates us to place CSI-RS in the OFDM symbol(s) with high index so as to reduce feedback delay. Figure 5 illustrates the effect of CSI-RS location on the CSI feedback delay where, obviously highly indexed OFDM is more desirable for CSI-RS transmission in order to reduce the effect of CSI feedback delay.
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Figure 5: Illustration of effect of high indexed symbol CSI-RS on the feedback delay
2.6. Reduction of Inter-cell Interference
To facilitate multi-cell CSI measurement for CoMP at CoMP UEs [4], it is important to prevent the CSI RSs from multiple cells from colliding each other. For this purpose, we should assign CSI RSs from multiple cells to different time-frequency resources, by utilizing cell-specific shifting of resources just as Rel-8 subcarrier-level cell-specific RS shifting. Commonly, there are several dimensions for cell-specifically shifting CSI RS resources, which include subcarrier, OFDM symbol, RB, subframe and slot.
Considering some RE occupied by LTE CRS, PDCCH and possible DM-RS, we suggest to adopt cell-specific CSI-RS shifting in subcarrier domain, and sometimes in subframe domain to facilitate its usage for CoMP and other inter-cell interference suppression technologies.
3. 
Examples of CSI-RS Pattern
Figure 6 shows the first example of suggested pattern where only CSI-RS for LTE-A is illustrated and all the CSI-RS are included in subframe 3 and 8. Frequency shifting by 1 or 2 subcarriers is used in this case to obtain the CSI-RS patterns for other two cells. 
From the perspective of the channel estimation performance in consideration of legacy LTE CSI pattern and DM-RS pattern for LTE release 9 [5] as discussed in subsections 2.3.2 and 2.4, our proposed CSI-RS positions in Figure 6 seems to be optimized. This is because subcarriers 0, 3, 6 and 9 in 9th and 10th symbols are only allowed to be occupied by data signal, where channel estimation achieved by CRS is comparably poorer than others, resulting in less impact on legacy rel-8 UE.
CSI-RS pattern in Figure 6 trades off the number of RBs affected by LTE-A CSI-RS and the number of REs in one RB punctured by CSI-RS. This implies that 20% RBs are punctured by CSI-RS in one frame and 5% REs in one punctured RB. To reduce the number of punctured RBs, Figure 7 shows another alternative of CSI-RS pattern where one RB contains 2 CSI-RSs per antenna port, resulting in 16 REs for CSI-RS in total. Thus, about 10% REs per RB are punctured by LTE-A CSI-RS while the number of punctured RBs deceases to 10%. 
Thanks to awareness of Rel-10 subframe for LTE-A UEs, there doesn’t exist any impact to rel-8 UEs if the whole subframe containing CSI-RS as depicted in Figure 7 is scheduled to LTE-A UEs.
It is worthwhile noting that due to the impossible shifting behaviour for both subcarrier and RB, subframe based shifting might be considered between available subframes, such as #2, #3, #7 and #8.
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Figure 6: CSI-RS pattern 1
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Figure 7: CSI-RS pattern 2
4. 
Conclusion

In this contribution we have discussed different aspects related to CSI-RS transmission in LTE-A. The consequence is as follows.
· For CSI-RS placement in RBs, we may consider the RE sparsely surrounded with and/or farer away from LTE CRS, consequently experiencing less accurate channel estimate. This implies that the impact on legacy LTE UE caused by punctured LTE-A CSI-RS is minimized.
· For all the possible subframes (RBs) punctured with CSI-RS, we may consider the high indexed OFDM symbol where CSI-RS is punctured. This implies that the CSI fed back from UE is more close to that really used, and thus reduce the impact of CSI feedback delay for LTE-A UE. 
· Frequency or subframe shifting may be considered in design of cell-specific CSI-RS so as to support CoMP.
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