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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 goal 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.
In this contribution, we provide impact evaluation of CSI RS puncture on Rel-8 performance and analysis on intra-cell CSI RS design including intra-cell multiplexing method and available resource for CSI RS. Furthermore, evaluation on the CoMP CSI measurement accuracy of TFDM CSI RS with data puncturing in the coordinated cells is given.
2 Impact of CSI RS puncture on Rel-8 UE 
The impact of CSI RS puncture on Rel-8 performance is a key factor to determine the maximum number of REs used for CSI RS per PRB. Link-level simulations have been done to evaluate the impact of data puncturing on the performance of the Rel-8 legacy UE as shown in Figure 1. The simulation assumptions are given in Table 1 in Appendix A.
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Figure 1 Impact of CSI RS puncturing on Rel-8 legacy UE performance
Figure 1 shows the PDSCH throughput loss of Rel-8 legacy UE with multi-stream transmission (transmission mode 4), with different number of punctured REs per PRB. Link adaptation from QPSK to 64QAM with adaptive coding rate is implemented, with MCS adjustment for the CSI-RS subframe at network side. It is obvious that while Rel-8 UE is scheduled in the CSI RS subframe with the probability of 10%, puncturing 16 REs per RB may be tolerable. However, puncturing 32 REs per RB seems to be too much and need cautious consideration since more than 10% loss could be introduced to Rel-8 UE.

Based on above simulation result and analysis, the following conclusions can be drawn:

· In the case that Rel-8 UEs are scheduled in the CSI-RS subframe, it is acceptable to puncture 16REs per PRB.
3 Available resource for CSI RS and intra-cell multiplexing method
In this section, the available resource for CSI RS that fulfill all the constraints is analyzed.

The basic constraints for placement of CSI RS have been discussed in [3], including
· CSI RS does not collide with control region
· CSI RS does not collide with  the OFDM symbols for PSS/SSS/PBCH
· CSI RS does not collide with the OFDM symbols for Rel-8 DRS (port 5) and CRSs.
Moreover, following constraints are proposed

· CSI RS does not collide with the REs for DM-RS 
· The frequency distance of 2 REs for one CSI RS port can be 6 REs, so as to maintain the same frequency domain estimation accuracy as in Rel-8.
With the above mentioned constraints, the available resource for CSI RS is very limited as shown in Figure 2. In this figure, the REs used by 4 CRS ports and DRS (port 5) are plotted. Also the DM-RS is figured out which is a CDM-based pattern agreed in Shenzhen meeting. Due to the cell-specific frequency shift for Rel-8 CRS and DRS, CSI RS would not share the same OFDM symbol with them, considering in CoMP scenario that the CSI-RS shall not collide with CRS/DRS from either serving cell or neighboring cell. Given that cell-specific DM-RS frequency shift may not be applied, it is possible for CSI RS and DM-RS to share the same OFDM symbol with FDM multiplexing. To fulfill all above mentioned constraints, we find that only one full symbol (the OFDM symbol #10 with normal CP) and eight scattered REs can be the potential positions for CSI-RS, as shown in Figure 2. For subframe with extended CP, there is similar result achieved that only the OFDM symbol #8 is available for CSI RS. 
With the assumption of 2 REs per CSI RS port per PRB, at most 8 CSI RS ports can be supported in one subframe which can just fulfill the requirement of high-order MIMO, let alone the need of CoMP.

 [image: image2.emf]PDCCH

region

CRS

Data RE

Port 5 DM-RS

Available RE

for CSI-RS


Figure 2: Available resource for CSI RS marked in red
Note that we have not considered the special subframes in TDD system. While this constraint taken into account, the available resource of CSI RS is further limited since the length of DwPTS is often too small to accommodate CSI RS at symbol # 10 which would be no longer available for CSI RS placement.  

The intra-cell CSI RS multiplexing method should be determined based on available resource for CSI RS. As mentioned above, while all the constraints on CSI RS placement considered, the available resource is very limited and frequency-scattered. So it is hardly to achieve good orthogonality among CSI RS ports by CDM. 
To conclude, 
· Considering the current available resource for CSI RS, intra-cell CSI RS TFDM is preferred, due to scattered available REs for CSI RS.
4 Inter-cell CSI RS multiplexing method and data puncture
This section shows the schemes to achieve inter-cell CSI RS orthogonality and to guarantee the CSI measurement accuracy for both CoMP JP and CB/CS,  which includes TFDM of inter-cell CSI RS, as well as data puncture on the REs that collide with CSI RSs within the CoMP measurement set.
4.1 CSI RS inter-cell multiplexing scheme within a CoMP measurement set
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/random 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.
Scheme 1: CDM 
Pros: 

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

· CDM with orthogonal sequence:   
· Given the CSI RS resource is very limited (1-2 REs 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.  
· CDM with random sequence:

· 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.
· CDM with random sequences (for example,  PN sequence) may reduce the interference while the channel is very flat over the large bandwidth with long sequence length. However, considering the limited resource (2 RE per CSI RS port) and large frequency distance (6 RE) with channel selectivity, the interference introduced by CDM with random sequences is still very large. So the CSI measurement quality for “weak cell” can not be guaranteed. 
Scheme2: TFDM 

Pros: 

· By scheduling CSI RSs of different cells in different subframes within a CSI RS period and data puncturing on all CSI RS REs of CoMP measurement set, the system performance can be improved [3][5]. Furthermore, the simulation result in following section shows that the CSI measurement quality can be also improved much.
 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, the 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]. Further evaluation on the loss caused by puncturing on CSI RS REs is shown in following sub-section.
4.2 Data puncture for CSI measurement of coordinated cells in CoMP measurement set

In TFDM inter-cell CSI-RS multiplexing scheme, it is proposed to puncture the data symbol on the REs collide to the CSI RSs in the neighboring cells within CoMP measurement set, such that the strong interference of the data from the serving cell to the CSI-RS in the coordinated cells is eliminated, and vice versa. All the CoMP schemes, either JP or CB/CS, require UE to measure the downlink channel of multiple cells within the CoMP measurement set. Excluding interference by data puncturing in the REs collide to CSI RSs in neighbor cells is an effective way to manage the measurement accuracy in an acceptable level. 
The following section gives the evaluation results of the following:

· The CSI measurement accuracy evaluation of the coordinated cells in CoMP

· Impact of the data puncturing on the performance of Rel-8 legacy UE and LTE-A UE
According to the analysis and the simulation results, it is proposed that:

· Proposal 2: Support CSI RS with time-frequency orthogonality among multiple cells with data puncturing on the REs that collide with CSI RSs within CoMP measurement set.
5 Evaluation of the data puncturing at REs colliding with CSI RSs in the neighbor cells in CoMP measurement set
5.1 The CSI measurement accuracy evaluation of the coordinated cells in CoMP
The evaluation of the impact on the CSI measurement accuracy of data puncturing in the CoMP measurement set, the mean square errors (MSE) of the channel estimation for the two approaches are simulated. The assumptions are given in the Table 2 of Appendix B, and the results are given in Figure 3 as below. As shown in Figure 3, with non-puncture approach, the tolerable MSE(<0.1) would be achieved by SINR> -2dB even 6 dB power boosting is used, which is just acceptable for the measurement accuracy in the serving cell. In CoMP measurement set, the pathloss difference among strong cells and weak cells might be up to 10 dB, i.e. to support the channel measurement of other cells in the CoMP measurement set with enough accuracy, the working dynamic range of SINR for CSI-RS can be down to -10dB. Therefore, it is questionable whether the system as a whole can work well with introduction of CoMP, either JP or CB/CS. 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).  

To show the concrete impact of the CSI estimation accuracy on the CoMP JP throughput performance due to data puncturing in CoMP scenario was evaluated by link simulation as shown in Figure 4, referring to the assumptions in Table 3 in Appendix B.  The gain solely comes from measurement accuracy, and the PDSCH detection is based on DM-RSs associated to the serving cell. 

To conclude, data puncturing at the REs collide with the CSI-RSs in the neighbor cells is an effective way to reduce inter-cell interference and guarantee CSI measurement quality for the coordinated cells in CoMP measurement set. 
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Figure 3: MSEs of the puncture and no-puncture approaches
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Figure 4： PDSCH performance gain with data puncture at REs collides with CSI-RSs in the neighbor cells
5.2 Impact of data puncture on the performance of Rel-8 legacy UE and LTE-A UE
For the impact on Rel-8 legacy UE, analysis in section 2 applies.
Figure 5 shows the throughput loss of LTE-A UE. It can be seen that the loss introduced by puncturing is negligible even puncturing 32 REs per RB.
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Figure 5 Impact of CSI RS puncturing on LTE-A UE performance
Based on above simulation result and analysis, the following conclusions can be drawn:

· TFDM is more feasible than CDM for multiple-cell CSI measurement within the CoMP measurement set since much more accurate CSI measurement is achieved with accepted impact on Rel-8 performance.
6 Conclusion
In this contribution, the intra-cell CSI RS design is discussed including intra-cell multiplexing method and available resource analysis. The multiplexing for CSI RSs among multiple cells within the CoMP measurement set has been analyzed. In addition, the evaluation of data puncture at REs collide with CSI-RSs in neighbor cells in CoMP measurement set shows clear benefit of CSI measurement accuracy of the coordinated cells for both JP and CB/CS, as well as the JP performance; on another aspect, the impact on LTE and LTE-A UE due to data puncturing implicates that puncturing 16 REs per PRB is acceptable to Rel-8 UE, and no tight limit on the number of punctured REs due to LTE-A UE performance loss.
Based on the given discussion and analysis, five principles are proposed for CSI RS design as below:
· Proposal 1: In the case that Rel-8 UEs are scheduled in the CSI-RS subframe, it is acceptable to puncture 16REs per PRB;
· Proposal 2: CSI RS does not collide with the OFDM symbols used for Rel-8 CRS, or control region, or Rel-8 DRS (port 5), or PSS/SSS/PBCH. CSI RS and DM-RS can share the same OFDM symbol with FDM multiplexing;
· Proposal 3: The frequency distance of 2 REs for one CSI RS port can be 6 REs;
· Proposal 4:Considering the available resource for CSI RS, intra-cell CSI RS TFDM is preferred;
· Proposal 5: Support CSI RS with time-frequency orthogonality among multiple cells, with data puncturing on the REs that collide with CSI RSs within the CoMP measurement set.
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Appendix A: simulation assumptions for the data puncture impact on Rel-8 UE and LTE-A UE
Table 1 Simulation Assumptions for Figure 1 and 5
	Transmission Bandwidth(Hz)
	5M

	Channel Model
	TU, with 3 km/h 

	Duty-cycle of CSI-RS
	10 ms

	CSI-RS frequency spacing
	6 RE/RS port

	Number of Tx antennas
	4 

	Number of Rx antennas
	2

	Rank
	2

	Number of Control Symbols
	3

	Number of CRS antenna ports
	4

	Number of punctured REs
	16 or 32 REs per RB, 10% probability of scheduling the UE to the CSI-RS subframe

	Precoding feedback
	Frequency selective (over 1RB)

	CQI feedback
	Frequency selective (over 4RB)


Appendix B: simulation assumption and result for CSI measurement quality
Table 2 Simulation Assumptions for Figure 3
	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 


Table 3 Simulation Assumptions for Figure 4
	Transmission Bandwidth(Hz)
	5M

	Channel Model
	TU, with 3 km/h 

	Duty-cycle of CSI-RS
	10 ms

	CSI-RS frequency spacing
	6 RE per 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 
















































































































































































































































































































































































































































































