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1. Introduction

In this contribution, we briefly explore possible system operations in Coordinated Multi-point (CoMP) downlink transmission and the associated UE demodulation and measurement requirements.  

2.  SP and MP SU/MU-MIMO: Background  
 In [1], we defined single-point and multi-point as:

· Single-Point SU/MU-MIMO:  Refers to SU/MU transmission to or reception from UEs in the same sector using antennas in “close proximity” (typically within a spacing of a few wavelengths such that all antennas are subject to the same long-term fading).  

· Multi-point SU/MU-MIMO: Refers to SU/MU transmission to or reception from UEs in the same or different sector from antennas not in “close proximity” (typically beyond the spacing of a few wavelengths such as all antennas may be subject to the different long-term fading). There are a few implementations that may all be referred to as “multi-point” operation:

· Intra-cell inter-sector coordination to serve UEs at the sector boundary. In this case, antenna separation between “points” may be close and they often still experience the same long-term fading.
· Inter-cell coordination to serve UEs at the cell boundary. 
· Remote Radio heads: eNB may choose to use geographically separated RF heads (e.g., corners of a building) to collect/transmit RF signals, but signal processing is still done in a centralized manner. The difference to traditional single-point operation is the larger-than-normal separation between antennas (or groups of antennas). 
· eNB and Relay Nodes coordination: RN may have a subordinate relationship to an eNB, instead of a peer-to-peer relationship as in inter-cell coordination
· eNB and home-eNB coordination: Similar to RN, home-eNB may or may not have a peer-to-peer equal status with regular eNB.
In MP operation, there are typically several participating points collectively serving a set of UEs (in case of MU) with each UE “attached” to an anchor point (i.e., the serving eNB) and would otherwise suffer from cell-edge interference if these points are not coordinated. 
3.  System Operations   
In the “joint-transmission” mode, as indicated by the current text in TR36.814, “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”. 
In the “Coordinated Scheduling/Beamforming” mode, as indicated by the current text in TR36.814, “data to a single UE is instantaneously transmitted from one of the transmission points”. Hence, this mode can be deemed as an enhanced ICIC operation. 

The main difference between these two modes is whether all participating points assume the availability of the same bit content information targeted for the same UE.  

Figure 1 shows an example of using K points with m antennas each serving two UEs, each with 2 receive antennas. 
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Figure 1.  Downlink multi-point MU-MIMO
High-level System Operation:

1. UE assisting anchor eNB to decide on the CoMP set – UE measurement requirement 

Rel-8 UEs, if also to be benefited from CoMP, can only perform measurement/reporting as defined today, i.e., CRS-based measurement and RSRP reporting based on some triggering thresholds. It may be possible to require LTE-A UE to perform additional measurement and reporting if there is any additional gain to be achieved. It is also possible to define a new RS pattern for LTE-A UEs, but the impact on Rel-8 UE needs careful investigation. 

2. eNBs, via coordination with either a centralized controller or in a distributed fashion, determine the UEs to be served with CoMP and the set of participating points for each UE

This decision could be tailored for each individual UE. If the decision was made by a single eNB, with the coordination with other eNBs, then that decision making entity could be the anchor eNB that the UE is attached to for example. The decision may include also which of the two modes (joint transmission or coordinated beamforming) will be adopted. 

3. CoMP transmits to each UE using either joint processing or coordinated beamforming mode. This step involves three inter-connected aspects: UE feedback, CoMP beamforming strategy that includes the derivation of  precoding weights for participating eNBs, and UE demodulation. It may be worthwhile to treat the modes of joint transmission and coordinated beamforming differently as in the following
Joint transmission:

Assuming that it is determined that two cell-edge UEs will be served with CoMP, the two UEs can be asked to estimate the channel to all of its participating points (i.e., the “global” channel H1 and H2), UE #1 or #2 can feed back the rank-1 or 2 precoding matrix (i.e., W1 and W2, respectively) or some other channel related information to allow eNBs to determine the precoding weights. Mathematically, the problem is no different than a MU-MIMO problem in SP setting, with the understanding that an “expanded” antenna set is used, i.e.,  
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Clearly, the above operation involves:  
· UE estimates all channels based on RS from all potential participating points: Non-overlapping RS from each participating eNB may be difficult to specify, given the overhead and impact to UEs that may not benefit much from CoMP, as well as that the CoMP set is specific to individual UE. Using existing CRS is possible as suggested in [3], but degradation on channel estimation due to interference from other cells needs careful investigation. The quality of channel estimation here affects either UE feedback or demodulation, or both.

· In case of PMI-based operation in FDD, UE may have to recommend precoding with variable dimensionality due to  the unknown set of  participating points, unless CoMP is defined as an additional transmission mode just like SU/MU with the set of participating eNBs being semi-statically defined by higher layer. 
· UE may use CRS or DRS for data demodulation: If CRS from one eNB are received with strong interference from other participating eNBs, the decoding performance may be significantly degraded. Also expressed as a preference in [2], DRS might be preferred for data demodulation. In this case, DRS-based CQI measurement and reporting might become necessary (worth re-visiting) for link adaptation.
· Coordination scheme and assumption including the exchange of information and data: Even though it may be defined as a proprietary and can be made transparent to UE, the discussion is still necessary for performance evaluation and trade-off studies. For example, if the precoding weights are determined with a centralized approach, they have to be transmitted to individual participating nodes. The data also must be shared between the nodes. This may reduce some gains due to closed-loop MIMO operation and/or require a fast backhaul.

Coordinated Beamforming:

If it is known a priori that only the anchor points will serve a particular UE, then weights on non-anchor points are set to zero, i.e., 
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Even though non-anchor points do not participate in serving the other UE, deriving the weights based on channel information from the UE to other eNBs may still be desirable to improve performance by minimizing the interference while maximizing the desired signal level.  From the perspective of eNB beamforming, coordinated beamforming can be treated as a constrained precoding problem, as opposed to an unconstrained problem in joint transmission.
Potential operation involves:

· UE estimates the DL channel to each interfering eNB for either demodulation or link adaptation purposes:  Non-overlapping RS from each participating eNB may be difficult to specify, given the overhead and impact to UEs that may not benefit much from CoMP, as well as that the CoMP set is specific to individual UE. Using existing CRS is possible as suggested in [2], but degradation on channel estimation due to interference needs careful investigation.
· UE feeds back information related to desired channel and interference channels.

· UE may either use DRS for demodulation and link adaptation, or CRS if the precoding weights are based on pre-defined codebook. 
4. Conclusion

In this contribution, we explored possible system operation in Coordinated Multi-point (CoMP) downlink transmission and the associated UE demodulation and measurement requirements. While it may be obvious that coordinated beamforming might be more feasible, accurate measurements at UE from multiple nodes, UE feedback and information exchange between eNBs could still present a challenge.
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