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1 Introduction
In RAN1 #59, the design principles of inter-cell CSI RS to support multiple-cell measurement (inter-cell CSI RS) were discussed [1]. Inter-cell CSI RS design is critical to fulfill the requirements of not only high-order MIMO, but also other advanced features including CoMP (JP, CBF, CBS) and Het-Net to avoid any redesigning of cell-specific RS afterwards in Rel-10 or future releases. The backward compatibility problem similar to the impact of CSI RS puncturing on Rel-8 legacy UE should be avoided in advance.  
In particular, in CoMP scenario, UE should be able to measure the channels with acceptable accuracy from all cells in CoMP measurement set, which gives tighter requirements than that of the RRM measurement for cell selection in Rel-8. Same or even worse problem may occur in heterogeneous networks where macro-cell and pico-cells use the same carrier frequency. Thus how to achieve acceptable inter-cell CSI measurement accuracy to support CoMP or Het-Net should be the focus of inter-cell CSI RS design. 
In this contribution, we provide analyses of inter-cell CSI RS design, focusing on the inter-cell multiplexing methods and patterns. Following proposals are given:

· Proposal 1: Support CSI RS with time-frequency orthogonality among multiple cells within a cluster of cells and support puncturing of the data REs that collide with CSI RSs of other cells within the cluster.
· Proposal 2: Support CSI RS randomization among multiple cells belong to different cell clusters.
2 Inter-cell CSI RS orthogonality within a cell cluster
This section shows the schemes to achieve inter-cell CSI RS orthogonality in order to guarantee the multiple-cell CSI measurement accuracy, which includes TFDM of CSI RS, data puncturing on the data REs that collide with CSI RSs of other cells within a cell cluster. The cell cluster is a group of cells in the network PCI planning that has the CSI RS patterns orthogonal to each other within such a group of cells. For example of intra-site CoMP network, the cell cluster can be the three sectors of each site. For the instance of Heterogeneous networks, the cell cluster can then be a pico cell and its strongest interfered macro cell.
For the inter-cell CSI-RS multiplexing method within a cell cluster, two possible schemes are considered as follows:

Scheme 1: CDM where the CSI RSs from multiple cells share the same time-frequency resource and orthogonal/random code sequences are used for separation of different cells. 

Scheme 2:  TFDM where the CSI RS from one cell is orthogonal to the CSI RSs of other cells within a cell cluster by time/frequency domain multiplexing.  

Scheme 1 cannot puncturing REs colliding with the CSI RSs from the strong interfered cells. On the other hand, Scheme 2 allows the possibility of puncturing REs colliding with the CSI RSs from the strong interfered cells to obtain acceptable CSI measurement for multiple cells. As shown in the following sections, the capability of puncturing REs colliding with the CSI RSs from the strong interfered cells is critical for CoMP and Het-Net scenarios. Therefore, TFDM is proposed to obtain inter-cell CSI RS orthogonality.
2.1 Necessity of RE puncturing in CoMP and Het-Net 
In this section, we show that the dynamic range geometry where the CSI RS may work is largely improve  with RE puncturing.
2.1.1 Without RE puncturing
As mentioned above, to fulfill the multiple cell measurement requirement of CoMP or Het-Net scenario, UE should measure not only the strongest cell, but also several coordinated cells or pico cells, whose RSRP may be few dB weaker than that of the serving cell. Within a CoMP measurement set, the pathloss difference among the strongest cell and the second and/or the third strongest cells might be up to 9 dB. Therefore, CSI-RS has to be able to support accurate CSI measurement under the condition of very low SINR. In Het-Net scenario, there is a similar problem when UEs select pico cells as serving cell with strong interference from macro cell on the CSI RS of those pico cells.
Figure 1.a shows the actual experienced geometry by CSI RS from the second coordinated cell in CoMP set. The red curve is the SINR CDF (for all the UEs) of CSI RS from the strongest serving cell; the blue solid curve is the SINR CDF of CSI RS from the second strongest coordinated cell for the CoMP UEs, without puncturing the serving cell REs colliding with the CSI-RS from coordinated cell. The CoMP UEs are selected when there is at least one coordinated cell has RSRP higher than the RSRP of the serving cell minus 9dB. It can be seen that the traditional non-CoMP network only requires CSI RS works at SINR higher than -3dB to support cell selection. However, to support the multi-cell CSI measurement, the CSI RS working range for the coordinated cell is from -13dB to 0dB, with 80% probability lower than -3dB.
Figure 1.b shows the CSI RS geometry in Het-Net. The red curve is the geometry CDF when UE select its serving cell only based on RSRP strength, without taking the power imbalance between macro-cell and pico-cell into account. On the other hand, when the TX-power difference between macro cells and pico cells is considered, it is possible for UE to reselect serving cell by RSRP positive adjustment for pico cells. That is, RSRP from pico cells would be increased by a certain offset to compensate the TX power difference so that pico cell can be selected as the serving cell even its RSRP is lower than that of a macro cell. Blue and green curves represent the CSI RS geometry after cell reselection with 9dB and 16dB pico cell RSRP adjustment respectively. It can be seen that without pico cell RSRP adjustment, the CSI RS working dynamic range of SINR is generally higher than -3dB. However, with 9dB and 16dB RSRP adjustment for pico cell, the CSI RS working range of those UEs who reselect serving cell is [-9dB,0dB] and [-16dB,0dB] respectively.
Observation:

 The working dynamic range of SINR for CSI RS is far below -3dB for multi-cell measurement in CoMP or Het-Net scenarios. In this region it is impossible to obtain appropriate CSI measurement quality even with interference randomization among inter-cell CSI-RSs, without puncturing the serving cell REs colliding with the CSI-RSs of the measured neighbor cell.
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Figure 1: working dynamic range of SINR for CSI RS in CoMP and HetNet
2.1.2 With RE puncturing
With TFDM multiplexing among multi-cell CSI-RSs, it is proposed to puncture the data symbol on the REs colliding to the CSI RSs of the neighboring cells within a cell cluster, such that the strong interference of the data from the serving cell to the CSI-RS in the coordinated cells, or from macro cell to pico cell is eliminated, and vice versa. Eliminating interference by RE puncturing in the REs collide to CSI RSs in neighbor cells is an effective way to manage the measurement accuracy to an acceptable level. Referring again to Figure 1.a, the dashed line represent the corresponding CSI RS SINR geometry from the non-serving coordinated cell of the CoMP UEs with puncturing REs colliding with the CSI RSs from other sectors in the same site. Figure 1.b shows the dashed line of the CSI RS geometry of those UEs reselecting pico as the serving cell by 9dB or 16dB RSRP pico cell adjustment. 

It can be seen clearly that the RE puncturing can effectively improve the CSI RS SINR of the coordinated cell in CoMP or re-selected serving pico cells by around 10~15 dB, and most of the working dynamic range is higher than -5dB, which makes the CSI measurement reliable. 

To further evaluate the impact on the CSI measurement accuracy from RE puncturing, the mean square errors (MSE) of the channel estimation for puncturing and non-puncture methods are simulated. The assumptions are given in the Table 1 of Appendix A, and the results are given in Figure 2. As shown in Figure 2, with non-puncture approach, the tolerable MSE(<0.1) would be achieved by SINR> -2dB even when 6 dB power boosting is used. It is very much unacceptable for the CSI measurement accuracy from the second strongest coordinated cells or reselected serving pico cell. With the data puncture approach, the MSE of CSI estimation can be kept in a very low level (<0.01) even with very low SINR (<-6dB).
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Figure 2: MSEs of the puncture and no-puncture approaches
Observation:

 With TFDM multiplexing among multi-cell CSI RSs within a cell cluster, and puncturing REs colliding to the CSI RSs of other cells within the cluster, UE can obtain acceptable CSI measurement even in low-SINR region which is the typical working dynamic range for CSI measurement in CoMP and Het-Net scenarios.
2.2 Solution to CQI measurement issue
A concern was raised against RE puncturing as the CQI measurement problem. Some arguments pointed out that RE puncturing would cancel the interference from neighboring cells and result in inaccuracy of CQI estimation and feedback. However, there are some easy and effective ways to overcome such a interference overestimation problem in CQI measurement.

Method 1: OLLA (Open Loop Link Adaptation):
· The interference estimation error due to neighboring cell RE puncturing is a quite stable with a fixed negative bias, which results in a quite stable quantity of CQI overestimation.
· A stable CQI overestimation can be easily recovered by OLLA.  A stable CQI overestimation results to frequent NACKs, i.e. quick convergence of OLLA with the a decreasing MCS adjustment step. After quickly catching the actual CQI by OLLA, there is no need to father frequently track the interference variation due to RE puncturing. 

Method 2: CQI or interference compensation based on RSRP/pathloss measurement:

The amount of interference from the neighboring cells with punctured REs can be estimated easily based on the knowledge of pathloss or RSRP measurement, as long as the neighboring cells with RE puncturing are known. Accordingly, it would be quite easy for either UE or eNB to adjust the CQI estimation. It can be jointly used with Method 1 to further speed up the OLLA convergence.
Method 3: Interference estimation of CQI based on the CRS or the control region:

The CRS or the control region has quite stable power, which can be used for interference estimation in CQI feedback. This method can also be jointly used with Method 1.
Based on above analysis, we can conclude that the interference measurement issue in CQI due to RE puncturing in neighboring cells can be easily solved by some simple ways as OLLA or CQI/interference compensation.
To conclude this section, it is proposed that:

· Proposal 1: Support CSI RS with time-frequency orthogonality among multiple cells with RE puncturing on the REs that collide with CSI RSs of other cells within a cell cluster.
3 CSI RS randomization among multiple cells belong to different cell clusters
Due to limited potential positions for the TFDM orthogonal multi-cell CSI RSs, it is hard to support large number of cells within one cluster. Considering that the strongest inter-cell interferences is handled by RE puncturing colliding with CSI RSs within the cell cluster, some randomization multiplexing can be introduced among the cells belong to different cell cluster to mitigate constantly collision of the strong-interfered multi-cell CSI RSs due to improper network planning. 

The interference randomization schemes for CSI RSs of the cells belong to different cell clusters include:

· CSI RS scrambling 
· Random pattern hopping of CSI RS, e.g. cell-specific subframe shifting
To summarize, different cells’ CSI RS within one cell cluster would be orthogonal to each other to avoid dominant interference; and random hopped or scrambled CSI RS patterns among different cells belong to different clusters are used to mitigate constantly collision of the strong-interfered multi-cell CSI RSs due to improper network planning of the cell clusters. 
· Proposal 2: Support CSI RS randomization among multiple cells belong to different cell clusters.

4 Conclusion
In this contribution, the multiplexing schemes for CSI RSs among multiple cells to support acceptable CSI measurement in CoMP and in Het-Net have been analyzed. Inter-cell CSI RS multiplexing schemes are discussed to obtain time-frequency orthgonality among the CSI RSs of multi-cells within a cell cluster which contains a limited number of cells. In addition, CSI RS randomization may apply to multi-cells belong to different cell clusters. 
Based on the discussion and analysis, following principle is proposed for inter-cell CSI RS design:
· Proposal 1: Support CSI RS with time-frequency orthogonality among multiple cells with RE puncturing on the REs that colliding with CSI RSs of other cells within a cell cluster.
· Proposal 2: Support CSI RS randomization among multiple cells belong to different cell clusters.
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Appendix A: simulation assumption for CSI measurement quality
Table 1 Simulation Assumptions for Figure 2
	Transmission Bandwidth(Hz)
	5M

	Channel Model
	TU, with 3 km/h 

	Number of Tx antennas
	4 

	Number of Rx antennas
	2

	Number of Cell-specific RS antenna ports
	4

	Channel estimation algorithm 
	Weiner 
















































































































































































































































































































































































































































































