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1 Introduction
In RAN1 #57, the way forward of CSI-RS was agreed by which up to 8 Rel-10 CSI-RS can be configured [1]. Furthermore, in order to support LTE-Advanced components such as CoMP, additional design principles of CSI RS should be considered.  The design of the CSI RS needs to fulfill the goals of fully exploiting the potential gain of CoMP, besides the single-cell high-order MIMO with 8 transmit antennas. 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 in Rel-8.
Based on the above requirements and the following analysis on inter-cell CSI RS performance, we propose that:
· UE awareness of the CSI RSs of all the cells within the CoMP measurement set based on the cell-IDs
· Support CSI RS with time-frequency orthogonality among multiple cells with data puncturing on the CSI RS REs within CoMP measurement set;
2 CoMP CSI RS design principles 
2.1 UE awareness of the CSI RSs of all the cells within the CoMP measurement set
In 56#bis meeting, it was agreed that the UE should be aware of the CoMP measurement set [2], to ensure the UE’s capability of measuring the cell-specific RSs and feed back the report. Therefore, the original requirement is that UE has to be aware of the CSI RS patterns of multiple cells within the CoMP measurement set. 
It is straightforward to reuse cell_IDs to indicate CSI RS position and pattern of all the cells within CoMP measurement set. Thus UE can do CSI measurement without need to detect broadcast channel of neighboring cells.
· Proposal 1: UE awareness of the CSI RSs of all the cells within the CoMP measurement set based on the cell-IDs
2.2 CSI RS inter-cell multiplexing scheme within a CoMP measurement set
In case of CoMP transmission, UE need measure the channels or other metrics for feedbacks based on CSI RSs from all cells in CoMP measurement set, which differs from Rel-8 that UE only needs to measure the channel based on the CRSs from the serving cell. Therefore, it is required for a UE to reach an acceptable measurement accuracy based on CSI RSs that are experiencing more serious interference since the received power from the multiple cells are in general lower than the CRS power from the serving cell. Accordingly, it should be better for the CSI RSs of the multiple cells to be orthogonal to each other. For the inter-cell CSI-RS multiplexing method, two possible schemes are considered as follows:
Scheme 1: CDM where the CSI RSs from multiple cells within a CoMP measurement set share the same time-frequency resource and orthogonal code sequences are used for inter-cell CSI RS separation. 
Scheme 2: TFDM where the CSI RS from one cell is orthogonal to the CSI RSs of other cells within the same CoMP measurement set by TFDM multiplexing. 
In the next subsection, the pros and cons of both schemes are discussed with detailed analysis and simulation results.
2.2.1 Scheme 1: CDM 
Pros: 

· No inter-cell CSI-RS RE puncturing is needed for the PDSCH transmission. 
Cons:

· Feasibility:   
· Given the CSI RS resource is very limited (1-2 RE per CSI RS port per RB), it is hard for inter-cell CSI RSs to be separated by CDM. For example, if 2 REs are used by one CSI RS port per RB, only two orthogonal sequences can be applied and thus only up to two cells’ CSI-RS can be separated by CDM and only in the case of a rather flat channel. Basically, it is pretty hard to achieve good orthogonality among CSI RSs by CDM for more than 2 cells within the CoMP measurement set.  
· CSI measurement quality:

· If intra-cell CSI RS is also CDMed, CSI-RS should support up to 8 antenna ports for each cell in the CoMP measurement set. So CDM of both intra-cell and inter-cell CSI-RSs needs a set of long sequences, especially when they are in the same subframe, which would cause large interference unless the channel is very flat over the large bandwidth corresponding to the long sequence length.
· CoMP UE should estimate downlink channel of all cells within the CoMP measurement set. However, since the CDM CSI RS are not perfectly orthogonal at the receiver due to channel selectivity, the CSI RSs from ’weaker cells’ (with lower received power) suffer severe interference from other stronger cells within the CoMP measurement set. 
· UE has to make all CSI measurement operation for all the cells within CoMP measurement set in certain subframe(s) per period, which requires UE implementation to deal with such peak time.
2.2.2 Scheme2: TFDM 

Pros: 

· Feasibility
· It is a consensus that CSI RS should be quite sparse in time domain, (eg. once per10ms or 5ms), it is possible to schedule CSI RSs of different cells in different subframes within a CSI RS period, which also introduces more convenience in network planning.

· CSI measurement quality
· With TFDM, there would still be inter-cell interference on CSI RS from data signal of other cells. However, prior contribution had shown that by puncturing data symbols of interfered cells that collide to the RS REs, CSI measurement quality and system performance can be improved [3]. Furthermore,  a simulation in the end of this subsection shows that by data puncturing on the CSI RS REs of cells within CoMP measurement set, the inter-cell interference from multiple cells can be avoided and the system performance can be improved much. So it is reasonable to say that CSI measurement quality can be guaranteed by TFDM with data puncturing.
· Measurement processing can be distributed over subframes which averages UE calculation load.
 Cons:

· Data puncturing at CSI RS REs are needed not only for the serving cell, but also for other cells within the CoMP measurement set, which has slightly higher impact on the Rel-8 UE’s performance. However, it has been shown that the Rel-8 UE’s performance loss due to the data puncturing can be reduced by adopting a lower MCS scheme, if the number of CSI RS REs per subframe can be kept low enough [4].
It can be concluded that TFDM is more feasible than CDM for the multiple cell CSI measurement within the CoMP measurement set.

2.2.2.1 Performance of data puncturing on CSI RS REs within CoMP measurement set
This subsection evaluates the performance of the TFDM-based CSI RS with and w/o data puncturing. The simulation assumptions are given in Appendix.
In Figure 1, we can see that the throughput gain of the puncture scheme is about 3dB with medium SNR. Based on the simulation results, it is concluded that data puncturing on CSI RS REs is an effective way to improve CSI measurement quality and increase user’s throughput.
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Figure 1： Performance comparing: puncture vs. non-puncture
· Proposal 2: Support CSI RS with time-frequency orthogonality among multiple cells with data puncturing on the CSI RS REs within CoMP measurement set
3 Example of CSI RS pattern and inter-cell multiplexing 

The exact intra-cell CSI-RS multiplexing mode and pattern should follow the progress of that in the single cell MIMO discussion. While for the convenience of description, this section gives an example to describe the CSI RS scheduling and multiplexing schemes, under the following constraints:

· Up to 8 REs per subframe for CSI RSs among the CoMP measurement set.

· CSI RS does not collide with PSS/SSS/PBCH, CRSs, DRS (port 5) and the most popular DM-RS candidates.
· TDD/FDD common design. 

Figure 2 shows an example of CoMP measurement set, which consists of three cells with 4 CSI RS ports per cell and 2 RE per CSI RS port. Cell 1 is the serving cell. CSI RS period is 5 ms.  
To avoid the collision with CRS/DRS and possible DM-RS, the available resource for CSI RS is very limited. Figure 3 gives an example of available resource for CSI RS. In this figure, the REs used by 4 CRS ports and DRS (port 5) is plotted. Also the new DM-RS is figured out which is a popular CDM-based pattern with relative better performance. From this figure, we can find that only the OFDM symbol #10 can be used for CSI RS. 
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Figure 2: CoMP measurement set
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Figure 3: Available resource for CSI RS, the orange OFDM symbol indicate the 10th symbol which is available for CSI-RS 
Figure 4 gives an example of CSI RS design within the CoMP measurement set showed in Figure 2. In the example, CSI RS from different cells are TFDMed with 5 ms CSI RS period. Considering the collision between CSI-RS and PSS/SSS/PBCH, subframe #0 and #5 are skipped. Furthermore, subframes #1 and #6 in TDD system are special subframes, and the length of DwPTS is often too small to accommodate CSI RS at symbol # 10. To guarantee the common design in TDD/FDD, we propose to leave out these two subframes also for FDD system. The orthogonality among CSI RSs of three cells in CoMP measurement set is obtained by TDM with cell-specific time (subframe) shifts. As described by Proposal 1, Cell_ID can be reused to indicate the cell-specific time (subframe) shift. In this example, leaving subframe 0 and 1, time (subframe) shifts within the 3 available subframes in a 5ms CSI period can be calculated by cell_ID mod 3. 
As shown in Figure 4, by use of the TDM, the orthogonality among CSI RSs of multiple cells can be easily obtained and the network flexibility to support CoMP measurement set consisting of variable number of cells is higher than CDM.
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Figure 4 An example of CSI RS design with inter-cell TFDM within CoMP measurement set
4 Conclusion
In this contribution, the multiplexing for CSI RSs among multiple cells within the CoMP measurement set has been analyzed.
Based on the given discussion and analysis, to fulfill the requirement of multi-cell CSI measurement in CoMP, three principles are proposed for inter-cell CSI RS design as below:
· Proposal 1: UE awareness of the CSI RSs of all the cells within the CoMP measurement set based on the cell-IDs;
· Proposal 2: Support CSI RS with time-frequency orthogonality among multiple cells with data puncturing on the CSI RS REs within CoMP measurement set.
5 Text proposal
Attached is a text proposal for TR36.814. New insertion is marked underlined.

------------------------------Start Text Proposal--------------------------------

8.1
Downlink coordinated multi-point transmission

8.1.1
Terminology and definitions 
Downlink coordinated multi-point transmission implies dynamic coordination among multiple geographically separated transmission points. 
General terminology:

· Serving cell: Cell transmitting PDCCH assignments (a single cell). This is the serving cell of Rel-8 (concept that already exists)

CoMP categories:

· Joint Processing (JP): data is available at each point in CoMP cooperating set (definition below)

· Joint Transmission: PDSCH transmission from multiple points (part of or entire CoMP cooperating set) at a time 
· data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs

· Dynamic cell selection: PDSCH transmission from one point at a time (within CoMP cooperating set)  

· Coordinated Scheduling/Beamforming (CS/CB): data is only available at serving cell (data transmission from that point) but user scheduling/beamforming decisions are made with coordination among cells corresponding to the CoMP cooperating set.

CoMP sets: 

· CoMP cooperating set

· Set of (geographically separated) points directly or indirectly participating in PDSCH transmission to UE. Note that this set may or need not be transparent to the UE. 

· CoMP transmission point(s): point or set of points actively transmitting PDSCH to UE

· CoMP transmission point(s) is a subset of the CoMP cooperating set

· For Joint transmission, the CoMP transmission points are the points in the CoMP cooperating set 

· For Dynamic cell selection, a single point is the transmission point at every subframe. This transmission point can change dynamically within the CoMP cooperating set.  

· For Coordinated scheduling/beamforming, the CoMP transmission point corresponds to  the “serving cell”

· CoMP measurement set: set of cells about which channel state/statistical information related to their link to the UE is reported as discussed in section 8.1.3
· The CoMP measurement set may be the same as the CoMP cooperating set

· The actual UE reports may down-select cells for which actual feedback information is transmitted (reported cells)
· UE awareness of the CSI RSs of all the cells within the CoMP measurement set based on the cell-IDs.
· Support CSI RS with time-frequency orthogonality among multiple cells with data puncturing on the CSI RS REs within CoMP measurement set.
------------------------------End Text Proposal---------------------------------
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7 Appendix: simulation assumption and result
Table 1 Simulation Assumptions for puncture vs. non-puncture
	Transmission Bandwidth
	5MHz

	Channel Model
	TU, with 3 km/h and 30km/h

	Duty-cycle of CSI-RS
	10 ms

	CSI-RS frequency spacing
	6 RE/RS port

	Number of Tx antennas
	4 per cell

	Number of Rx antennas
	2

	Rank
	2

	Number of Control Symbols
	3

	Number of CRS antenna ports
	4

	Number of CSI-RS ports
	4 per cell

	Precoding feedback
	Frequency selective (over 1RB)

	CQI feedback
	Frequency selective (over 4RB)

	Number of cooperative cells
	2

	CoMP mode
	Joint precoding and transmission 
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