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1 
Introduction
In RAN#66bis following work assumption was agreed for the further discussion on CSI feedback enhancements in R11:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

Note that use of SRS may be taken into account when reaching further agreements on the above.
In the following we give a number of proposals on how to design such common feedback/signaling framework. Especially on the 
2 
Reference signal type for CSI measurements
In LTE Release 10 the reference signal used for CSI feedback related measurements could be CRS or CSI-RS, where CRS is used for TM1-8, and CSI-RS is used in TM9. Due to the overhead consideration, CSI-RS is of very sparse density: 1RE/port/PRB with shortest periodicity of 5ms, in order to compensate for the few REs per sub frame CSI-RS supports RE muting such that that neighbor cells can be mute the REs carrying CSI-RS in a cell. This increases SINR on CSI-RS and ensures that adequate measurement accuracy can be achieved. For CRS as density is very high (dual port configuration has 8 RE/Port/PRB) and this ensures good measurement accuracy even neighbor cells do not apply muting. Avoiding the muting simplifies the configuration and the required coordination across cells.
The current trend for LTE deployment is that the majority of deployments are using 2tx antenna setup for FDD downlink. For 2tx antenna setup, the optimal downlink transmission mode is CRS based closed loop MIMO (TM 4) due to the lower reference signal overhead compared to DM RS based transmission modes. For LTE deployments where UE demodulation is based on CRS, some simple CoMP schemes based on CRS would be of advantage, e.g. dynamical cell selection or coordinated scheduling. As a result, there is no need to mute REs from the own Tx point to facilitate the channel estimation of neighbors, some per cell/Tx point rough channel quality estimation is good enough. That leads to the conclusion that DCS/CS can rely on CRS based feedback especially considering CRS has much higher RE density & periodicity than that of CSI-RS.

Observation: The optimal performance for DCS or CS CoMP schemes for a small number of TX antennas is obtained with CRS based feedback.

One additional important benefit for CRS based feedback is the very limited need for planning and configuration signaling. The UE is already today using CRS ports in adjacent cells for RRM measurements and once synchronization is achieved to a neighbor cell the CRS port positions are automatically known.  Compared to the complex CSI-RS configuration procedure which would need substantial planning efforts, CRS based feedback can be used without additional planning effort. This leads to an overall simpler solution which is easier to deploy and operate in practice.
Observation: Configuration of CRS based measurements is very simple compared to CSI-RS based. This allows easier and faster deployment of DL CoMP in real networks.
Concerning the potential complications from supporting different measurements based on different reference signals within the CoMP feedback framework we would like to highlight that CRS based CSI measurement will anyway need to be supported as UE will need to support transmission mode 1-8. Moreover only a small part of the CoMP feedback framework is concerned with the measurement. For the other parts of the feedback frame work, such as how to report in parallel measurements from multiple RS resource, whether CSI-RS or CRS based measurements are concerned there is no difference and exactly the same frame work can be used.
Observation: The UE is already required to support CSI measurements from both CRS and CSI-RS and having similar requirement for CoMP operation would not lead to significant increase in complexity as the majority of the feedback framework is independent of how exactly the measurement is done.
Based on the above analysis we conclude that if we want to support DL CoMP and achieve gains in typical scenarios (2tx) with limited planning efforts we should include support for CRS based feedback, moreover including such feedback would not lead to significant extra burden on the UE implementation.
Proposal: Per cell Rel-8 CRS-based feedback should be supported in the common CoMP feedback framework in R11.
In order to allow neighbour cell CSI estimation and feedback, CSI-RS resource is defined in earlier meetings. UE just need to measure the CSI on a certain CSI-RS resource and do the feedback, and eNB can configure CSI-RS resource properly to get CSI of neighbour cell or transmission point. Similarly “CRS resource” can be defined to facilitate neighbour cell CSI measurement. eNB can configure one UE with multiple CRS resources each is associated with the RS sequence and pattern, UE then measure on CRS resource mapping to neighbour cells and feedback CSI back to eNB. 
Proposal: Define “CRS resource” in similar to CSI-RS resource to facilitate CoMP measurement and feedback
3 
Performance of CRS based feedback
In order to analyze potential CoMP performance degradation when using CRS based feedback we present here the results of a related performance study. Dynamic cell selection CoMP for a 2x2 channel was studied for a single user positioned right at the border between two cells (similar path loss to both cells) to specifically consider a scenario, where COMP is supposed to provide the highest gains. The decision of DCS is based on the instance maximum throughput calculated based on CSI available, the detail simulation parameters can be found in appendix. The performance for the three cases, no CoMP, CoMP with ideal channel estimation and CoMP with realistic CRS based channel estimation can be seen from Figure 1. From the graph we can see that there is only very limited degradation in performance when going from ideal to realistic channel estimation using CRS. When the power difference between two links is larger than 3dB, always the stronger cell is selected as serving cell for the UE. This indicates that CRS based measurements for CoMP is performing very well and potentially better than CSI-RS based solution.
Observation: Performance of DCS CoMP using CRS based measurements is very close to ideal DCS operation 
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Figure 1 Simulation results showing DCS CoMP single user performance comparing CRS based feedback compared to ideal CSI feedback from left to right side, two link has 0, 1, 2 dB power difference.
4 

Conclusion
In this contribution, we give our overall view on CoMP feedback design framework and principles. Our investigations lead to the following observations:

Observation: The optimal performance for DCS or CS CoMP schemes for a small number of TX antennas is obtained with CRS based feedback.
And the corresponding proposals:
Proposal: Per cell Rel-8 CRS-based feedback should be supported in the common CoMP feedback framework in R11.
Proposal: Define “CRS resource” in similar to CSI-RS resource to facilitate CoMP measurement and feedback
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Appendix

	parameter name
	value

	Precoding scheme
	Wide band precoding, R8 TM4

	System Bandwidth
	10MHz

	BS ant
	2

	UE ant
	2

	Channel Model
	UMa NLOS

	allocated BW
	25PRBs

	Channel Estimation
	MMSE

	Receiver
	MMSE


