3GPP TSG-RAN WG1 Meeting #67
R1-114316
San Francisco, USA, November 14-18, 2011
Agenda item:      7.5.1.1
Source:         
Nokia Siemens Networks, Nokia
Title:
Feedback framework integrating CRS and CSI-RS based feedback
Document for:

Discussion and Decision
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.
2 
Reference signal type for CSI measurements
The reference signal used for CSI feedback could be CRS or CSI-RS, where CRS is used for TM1-8, and CSI-RS is used in TM9 as introduced in Rel.10. Due to the overhead consideration, CSI-RS is of very spare density: 1RE/port/PRB with a maximum periodicity of 5ms, but the good side is it supports CSI-RS RE muting to facilitate the channel estimation of neighbor Tx points. That makes it as a baseline for CSI measurement assumption for CoMP. Whether CRS based CSI feedback should be supported for CoMP needs further discussion.
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, most likely some simple CoMP schemes will be applied, e.g. dynamical cell selection or coordinated scheduling, and the commonality is they don’t rely on spatial domain CSI to obtain the CoMP gain. As a result, there is no need to mute 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 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 so compared to the complex CSI-RS configuration procedure which would need substantial planning efforts, CRS based feedback can be used without additional planning effort.
Proposal: Per cell Rel-8 CRS-based feedback should be supported in the common CoMP feedback framework in R11.
3 
CSI feedback framework for CoMP
Rel.10 Carrier Aggregation (CA) framework specified the component carrier as a cell, and it defines a per cell feedback mechanism to support MIMO operation on each CC. It has been proposed in [1] to aggregate multiple cells with same frequency as the starting point for standardizing CoMP. In Rel.10, if UE aggregates multiple cells, it can have one feedback configuration for each individual cell. Such mechanism could be reused to support Rel.11 CoMP. 
Proposal: Per cell feedback framework defined in Rel.10 CA could be reused to support Rel.11 inter-cell CoMP with limited standardization efforts.

In Rel.10 CA feedback framework, each cell can have its own per cell PMI/CQI/RI feedback structure. Assuming reuse of Rel.10 CA framework for implementing CoMP then both CS/CB,and DCS can be supported within that framework as they only need per-cell CSI feedback from neighbour cells. Simple joint transmission scheme can also be supported within this framework (non-coherent scheme without inter-cell or inter-CSI-RS resource feedback).
Further feedback enhancements related to enhanced support for joint transmission could also be done, but the gain from such schemes under realistic assumptions needs further study, e.g. our investigations are showing that joint transmission is very sensitive to CSI impairments, [2],[3]. For estimating these gains it’s important to reflect the issues related to CRS collision across cells. Other issues to be considered is realistic RS overheads, realistic feedback overhead, channel estimation error modelling and proper modelling of antenna calibration errors.

Proposal: Per cell feedback can also support joint transmission, dedicated feedback functions for enhancing further joint transmission performance needs to be justified by significant performance increase taking real world impairments into account.

For CoMP operation in scenario 4 some enhancements to the Rel-10 CA framework could be considered as it only supports one CSI-RS resource per cell. As described in [4], if CSI-RS based feedback is considered,, multiple CSI-RS resources can be configured by one UE associated with same or different cell id. And each CSI-RS resource is defined within one Tx point. Per point feedback is enough to support DPS and CS and also non-coherent JT. 
Proposal: For intra-cell CoMP operation, multiple CSI-RS resources can be configured to one UE associated with same or different cell id.
4 
Conclusion
In this contribution, we give our overall view on CoMP feedback design framework and principles with the following proposals: 
Proposal: Per cell Rel-8 CRS-based feedback should be supported in the common CoMP feedback framework in R11.
Proposal: Per cell feedback framework defined in Rel.10 CA could be reused to support Rel.11 inter-cell CoMP with limited standardization efforts.

Proposal: Per cell feedback can also support joint transmission, dedicated feedback functions for enhancing further joint transmission performance needs to be justified by significant performance increase taking real world impairments into account.

Proposal: For intra-cell CoMP operation, multiple CSI-RS resources can be configured to one UE associated with same or different cell id.
Overall we see that the combination of “per-CSI-RS-resource feedback” and “per cell Rel-8 CRS-based feedback” would provide a flexible and yet complexity wise manageable feedback signaling framework to support all agreed CoMP schemes and scenarios.
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