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1 Introduction
In RAN1 #57, the way forward of CSI-RS had been 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:
· The UE is aware of the CSI RSs pattern of multiple cells within the CoMP measurement set;
· Support CSI RS with time-frequency orthogonality among multiple cells with data puncturing on the CSI RS REs within CoMP measurement set
· Support 5ms periods for 4 CSI RSs and 10ms periods for 8 CSI RSs.
· Support cell-id indicated CSI RS time (subframe) shifts with the simple network planning to support both 4 or 8 CSI RSs..
In addition, this contribution lists several CSI RS design candidates, targeting to reach a simple design to permit UE works with 4 CSI RSs cells and 8 CSI RSs cells flexibly, and check with RAN1 for the possible revision of 0.96% overhead constraint.
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.
· Proposal 1: The UE is aware of the CSI RSs pattern of multiple cells within the CoMP measurement set
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: 

· Assuming the orthogonality among the inter-cell CDMed CSI RSs can be kept well enough, CSI RS in one cell will not interfere from/to the PDSCH data symbols in another cell, thus no inter-cell CSI-RS RE puncturing is needed in 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 a certain subframe per period, which will bring some burden to UE implementation.
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 networking planning.

· CSI measurement quality
· By puncturing data symbols of interfered cells that collides to the CSI RS REs, the inter-cell interference to CSI from multiple cells can be avoided and the CSI measurement accuracy can be guaranteed. 
· Measurement processing can be distributed over subframes which will relax the UE implementation

 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 in detection of transparent comp transmission. 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.
It can be concluded that TFDM is more feasible than CDM for the multiple cell CSI measurement within the CoMP measurement set.

· Proposal 2: Support CSI RS with time-frequency orthogonality among multiple cells, with data puncturing on the CSI RS REs within CoMP measurement set
2.3 CSI RS period
In #56bis meeting, it was agreed that the total overhead of CSI RS for single-cell MIMO with 8 transmit antennas should be limited to 0.96% [4], which corresponds to 8 CSI RS ports when each port use 2 REs per RB and 10ms period. The Rel-10 CSI RS design should be able to support CoMP transmission with different antenna configurations, such as 4 or 8 transmit antennas so 0.96% overhead allows for either 8 CSI RSs with 10ms period or4 CSI RSs with 5ms period. Considering that the base stations with 4 antennas will still be one of the most typical configurations in Rel-10, effective 4 CSI-RSs design for CoMP transmission is needed, which should share the same framework as the 8 CSI-RSs design for  the single-cell high-order-MIMO, and targeting to the possibility of a convenient network planning for both higher-order-MIMO and CoMP. While 4 ports per cell supported, it is a straightforward way to improve the CSI measurement quality somewhat with 5 ms period than 10ms period, additionally by which the CSI measurement delay would be less. 
· Proposal 3: support 5ms CSI-RS period for 4 CSI RS ports and 10 ms period for 8 CSI RS ports.
2.4 Joint scheduling on CSI RS time (subframe) shift 

As in Proposal 1, UE should be aware of the CSI RS patterns of all the cells within CoMP measurement set to implement the CSI measurement. At the earliest stage, UE can obtains the cell-IDs within CoMP measurement set either by detecting Synchronization channel or by higher layer signaling from serving cell. To make UE capable of early known of the CSI RS patterns of other cells than the serving cell, the easiest way is to bound the CSI RS scheduled subframes and the patterns to cell-ID, i.e. use cell ID to indicate the cell-specific time (subframe) shifting.

If 16 REs per RB per subframe are used for CSI RS transmission, up to 8 CSI RS for a cell can be transmitted in one subframe. In this case, cell-ID indicated cell-specific time (subframe) shifting can be applied to both 5ms and 10ms period without difficulty.
However, according to the simulation results shown in [5], the impact on Rel-8 UE PDSCH performance is relatively large by puncturing of 16 REs, especially when high-order MCS is taken into account. If smaller RE number is considered to limit the impact and to alleviate the scheduler flexibility, different designs need to be considered for UE to work with 4 CSI RSs cells and 8 CSI RSs cells flexibly. 
2.4.1 Scheme 1:  Time-consecutive scheme with uniform CSI RS density
By this scheme, the 8 CSI RS ports from one cell would occupy two time-consecutive subframes, 4 CSI RS ports per subframe occupying 8 REs per RB, as shown in Figure 1. 
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Figure 1: Example of time-consecutive scheme

One of the drawbacks of this scheme is a potential degradation of 8 antenna MIMO performance since all the 8 antenna ports are not measured in the same subframe.
Secondly, the subframe allocation for CSI-RS for a cell is depending on the number of CSI RS ports. To know the CSI-RS recourse, UE should be aware of whether there are 4 CSI RS ports or 8 CSI RS ports from the cells in the CoMP measurement set. It is obliged for network to inform UE of the number of CSI RS ports from all cells in CoMP measurement set regardless of whether UE needs to use 8 CSI RS ports in CoMP.

Thirdly, it is hard for a UE to measure two cells with different number of CSI RSs, because their CSI RS may collide.

2.4.2 Scheme 2:  Distributed scheme with uniform CSI RS density
Figure 2 shows the so called “distributed scheme” to arrange the two subframe of 8 CSI RS ports per cell within a 10 ms period. It separates the 8 CSI RS ports of every cell into 2 non-contiguous subframes, each of which consists of 4 ports and appears once every 10 ms (two 5 ms period).With this scheme, the ‘distributed’ method would support an identical mapping rule to reuse cell ID to indicate the cell-specific time (subframe) shift regardless of the number of CSI RS ports. 
Compred with scheme 1, it is possible for scheme 2 to apply cell-ID indicated cell-specific time (subframe) shifting to both 5ms and 10ms period, while allowing for different shifts for neighboring cells. 
With scheme 2, UE should be aware of which part of CSI RSs is transmitted in current 5ms period to perform the measuement. One of the drawbacks of this scheme is also a potential degradation of 8 antenna MIMO performance since all the 8 antenna ports are not measured in the same subframe and separated by 5ms.
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Figure 2: Example of distributed uniform scheme

2.4.3 Scheme 3:  Distributed scheme with non-uniform CSI RS density

To limit the possible signaling overhead introduced by scheme 1 and 2 (inform number of CSI-RS), a distributed and non-uniform scheme is proposed as shown in Figure 3. Note that in this figure, only the CSI RS from cell 1 is plotted for clarity.
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Figure 3: Example of distributed non-uniform scheme
In this figure, we can find that all the CSI RS ports still be separated into two parts. However, unlike scheme 1 and scheme 2, the periods of the two parts differ. The first part ( CSI RS port #0 ~ #3) remains 5 ms period to optimize transmission modes with 4 transmit antennas while the other CSI RS ports (#4 ~ #7) with 10 ms period to support transmission modes with 8 transmit antennas.  Obviously, as shown in this figure, within a 10 ms period, the first subframe contains more CSI RS resource to support 8 ports while the latter subframe only needs to support 4 ports. So the time-domain density would not be uniform for every 5 ms period. 
By this scheme, the period of first part of CSI RS ports (#0 ~ #3) is always 5 ms regardless of the number for actual CSI RS ports. So, even UE is not aware of the number of CSI RS ports of other cells in CoMP measurement set, it is still possible for UE to make CSI measurement for ports #0 ~ #3 in all the cells. Another merit for scheme 3 is that it allows 8 CSI RS of one cell to be transmitted in the same subframe, while keeping the total overhead per RB per subframe less than 16. Of course by this scheme, the resource used by ports #4~#7 may be less than ports #0~#3, which follows the similar design as CRSs in Rel. 8, i.e. the resource assigned for CRS port #2 ~#3 is less than ports #0 ~#1. 
Two examples on how to arrange the usable resource for CSI is given here:
· Method 1 (12+4):   
With 0.96% overhead, 12 REs are used in the first subframe to support 8 CSI RS ports.  In the second used subframe, 4 REs is assigned to support CSI RS ports #0 ~ #3. By this method, the overhead and multiplexing method for ports #0 ~ #3 differs in the first and second used subframe within a 10ms period. Thus the UE complexity may increase somewhat since the measurement operation or filter coefficients would change.
· Method 2 (12+6):
This method is same as method 1 with the only difference that the same CSI RS pattern (e.g. same pattern with same 6RE overhead) for  ports #0 ~ #3 is used. By this method, UE complexity is not increased and the CSI measurement quality can be assured. The drawback is that this scheme will break the constraint of total 8 CSI RS overhead (0.96%). But the slight increase of the 8 CSI RS overhead from 0.96% to 1.08% to permit a simpler UE implementation should be considered. 
· Proposal 4: Support cell-ID indicated CSI RS time(subframe) shifts with the simple network planning to support both 4 or 8 CSI RSs. How to reach a simple design to permit UE works with 4 CSI RSs cells and 8 CSI RSs cells flexibly needs further consideration, including a possible revision of the 0.96% overhead constraint.
3 Example of CSI RS pattern and inter-cell multiplexing 

The concrete 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.
Figure 4 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. 

Regarding the collision with CRS/DRS and possible DM-RS, the available resource for CSI RS is very limited. Figure 5 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 10th OFDM symbol can be used for CSI RS.
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Figure 4: CoMP measurement set
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Figure 5: Available resource for CSI RS, the orange OFDM symbol indicate the 10th symbol which is available for CSI-RS 
As shown in Figure 6, CSI RSs from multi cells have different time shifts in a CSI RS period. By use of the TDM within 5ms period, 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 much higher than CDM. Furthermore, with data puncturing in RE, we can expect better CSI measurement than CDM scheme. 
To inform UE of in which subframe to make CSI measurement within CoMP measurement set, cell_ID can be reused to indicate the cell-specific time (subframe) shifting. Thus UE can easily obtain the shifting by awareness of CoMP measurement set. In this example, leaving subframe 0 and 5 for PSS/SSS/PBCH transmission, time (subframe) shifts within the 4 available subframes in a 5ms CSI period can be calculated by cell_ID mod 4.
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Figure 6 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, and the multi-cell CSI RS joint scheduling is discussed.
Based on the given discussion and analysis, to fulfill the requirement of multi-cell CSI measurement in CoMP, four principles are proposed for inter-cell CSI RS design as below:
· Proposal 1: The UE is aware of the CSI RSs pattern of multiple cells within the CoMP measurement set
· Proposal 2: Support CSI RS with time-frequency orthogonality among multiple cells with data puncturing on the CSI RS RE within CoMP measurement set
· Proposal 3: Support 5ms CSI-RS period for 4 CSI RS ports and 10 ms for 8 CSI RS ports.
· Proposal 4: Support cell-ID indicated CSI RS time (subframe) shifts to allow simple network planning and to support both 4 or 8 CSI RSs. How to reach a simple design to permit UE works with 4 CSI RSs cells and 8 CSI RSs cells flexibly needs further consideration, including a possible revision of the 0.96% overhead constraint.
5 References
[1] R1-092289 “Way forward on CSI RS”, Ericsson.
[2] 3GPP TR 36.814, v1.1.1, June, 2009.
[3] R1-091221, “CQI RS for LTE-Advanced”, NEC.

[4] R1-091657, “Way forward on further considerations on RS Design for LTE-A”.
[5] R1-091758, “On the impact of CSI-RS puncturing to Rel’8 PDSCH performance”,Nokia, Nokia Siemens Networks
6  Text proposal
Attached is a text proposal for TR36.814. New insertion is marked underlined and in blue
------------------------------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)
· The UE is aware of the CSI RSs pattern of multiple cells within the CoMP measurement set

· Support CSI RS with time-frequency orthogonality among multiple cells with data puncturing on the CSI RS RE within CoMP measurement set

· Support 5ms CSI-RS period for 4 CSI RS ports and 10 ms period for 8 CSI RS ports. 

· Support cell-id indicated CSI RS time(subframe) shifts to allow simple network planning and to support both 4 or 8 CSI RSs.

------------------------------End Text Proposal---------------------------------
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