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1. Introduction 

Coordinated Multipoint (CoMP) shows potential for significant improvement in cell-edge data rates as well as system throughput. In [1], a few broad categories of CoMP techniques such as Joint Processing (JP), Cooperative Beamforming (CB) and Cooperative Silencing (CS) were considered. In this contribution, we present some considerations on the air interface impact of these techniques along the lines of [2].   
2. Discussion
2.1. Reference Signal Design
Reference Signals (RS) serve two purposes: (1) allow the UE to estimate and feedback channel quality information (CQI) and Spatial Feedback Information (SFI), and (2) allow the UE to perform channel estimation in order to demodulate and decode the transmitted data. Some more details on spatial feedback requirements are provided in section 2.2 of this document. In LTE Release 8, the common reference signal (CRS) was used for both of these functions. For CoMP however, there are significant benefits to designing a separate “CQI-RS” and “Demod-RS” these as well as using a different design from LTE Rel 8. 
For Demod-RS, we agree with [2] that a dedicated RS (DRS) should be used. This is because the use of DRS provides several advantages. 
1. There is no need to transmit the beam directions on the DL grant message. Note that when CRS are used for demodulation purposes, precoding direction needs to be indicated for each cell participating in the CoMP scheme. 
2. The CoMP technique used becomes completely transparent to the UE, providing eNB with flexibility to choose dynamically between different schemes (e.g. JP and CB).

3.  DRS could be used for interference estimation. Note that interference can change from RB to RB and from subframe to subframe if the beam directions chosen by the different cells change. 
4. With CRS, the overall decoding performance may be limited by the channel estimation quality of the CRS from the weakest cell. 
Due to all of the above advantages, we believe that DRS should be the default demod-RS for DL CoMP. Further investigation of the exact DRS pattern is required. This includes verification of the performance of the DRS pattern in LTE Rel 8 for single-layer transmission, as well as design of a new DRS pattern for multi-layer transmission. 

For CQI-RS, LTE Rel 8 CRS should be investigated as one option. However, we are concerned about the performance of SFI estimation from weaker cells. For techniques such as CB, an accurate estimate of channel direction from the weaker cell is required for that cell to be able to beam away from the UE, thereby providing improved SNR for that UE. In the absence of accurate feedback, the SNR improvement may be small, thereby degrading overall performance. If the Rel 8 CRS is insufficient to provide the desired feedback accuracy, a slightly different CQI-RS design should be considered. The new CQI-RS should be such that the weaker cells do not suffer from interference from the stronger cells, thereby allowing for improved SFI estimation. Interference caused by PDSCH of stronger cells can be removed by making such cells puncture PDSCH REs that overlap with CQI-RS of other cells. Such puncturing is useful only in the presence of UEs that benefit from cooperation of weak neighbours, hence it could be enabled based on assessment of cooperation gains and overhead associated with PDSCH puncturing. Note that the amount of CQI-RS needed for adequate CQI and SFI estimation is very low e.g. compared to demodulation CRS in LTE Rel 8, thereby limiting the total overhead associated with the addition of CQI-RS and PSDCH puncturing. Also, collision between CQI-RS REs of the neighbouring cells should be minimized. This could be achieved by introducing a large number of CQI-RS offsets corresponding to difference cells. To prevent the impact to legacy LTE Rel 8 UEs, the CQI-RS could be sent on RBs where no LTE Rel 8 UEs are scheduled, or in MBSFN subframes. The CQI-RS could also be sent at a lower periodicity compared to LTE Rel 8 CRS to reduce the overhead impact.  
2.2. SFI feedback design

SFI feedback for CoMP should comprise channel information corresponding to multiple cells. In LTE Rel 8, the SFI feedback consists of the Precoding Matrix Index (PMI) indicating the strongest precoding direction to be used. We believe that Channel Direction Information (CDI) feedback which indicates a quantized version of the estimated channel from the cell would be more beneficial for CoMP. This is because the CDI allows more flexibility for cells to choose their beam directions. For example, in CB, a neighboring cell may receive its CDI from one or more UEs interfered by that cell and choose its beam for a serving UE that suitably trades between the interference caused to the interfered UEs and the amount of precoding gain towards the served UE.  

The SFI for an interfering cell may be sent to the serving cell, and then sent over the backhaul to the interfering cells. Alternatively, it could be sent directly over the air to the interfering cell. The latter approach is beneficial when the backhaul delays are large (>10ms). A backhaul-based approach in this case would hurt because the SFI information becomes inaccurate relatively quickly even for low mobility UEs. 

Whether the SFI is sent via the serving cell or directly to the interfering cell, means for sending the SFI information need to be studied. The payloads of the SFI reports are likely to exceed the Uplink Channel Information (UCI) payloads in LTE Rel 8 since (a) the feedback could correspond to multiple cells (b) the feedback may need to have more bits for each cell to provide for sufficient accuracy for the various CoMP techniques. Therefore, techniques to reduce the overall payload should be investigated. One such technique is discussed in [3]. 

If the SFI payload exceeds payloads offered by LTE Rel 8 UCI formats, different options for delivering this larger payload need to be investigated. These options include (a) splitting the payload into multiple parts and transmitting each part using an LTE Rel 8 compatible PUCCH (b) use of a new PUCCH code rate so that the larger payload may be accommodated in one of the existing PUCCH formats (c) designing a new PUCCH format. From a performance point of view, option (c) would be preferable, while option (a) would be the most backward compatible. 
2.3. CQI feedback design

When CoMP is used, interference conditions may change significantly across RBs and subframes depending on the beams and transmit power densities used by the different cells on each RB. Periodic CQI feedback of the kind used in LTE Rel 8 estimates the channel and interference over a larger time-frequency resource (potentially the entire bandwidth for several subframes). Therefore it would not accurately capture the CQI that can be expected to be seen by any given UE on a particular RB, when a specific set of beams and power densities are used. This in turn would impact the ability of the eNB to accurately choose the MCS, thereby resulting in significant degradation in system throughput. 
More investigations on this sensitivity are needed to assess whether a new type of CQI would be beneficial. That would be a Resource (channel) Quality Indicator (RQI) which would carry the channel quality that the UE sees on a specific time-frequency resource in the presence of a specific set of beams and power densities that are used (either for JP, CB or CS). Computation of the RQI for any given resource could be facilitated by the use of “RQI-RS” which would be sent by all cells on a preceding subframe. The RQI-RS would be sent using the same power levels and beam directions as PSDCH and, consequently, RQI which would be calculated using the RQI-RS would accurately reflect the channel quality that would be seen on the resource where the data would be sent. This, in turn, would enable the eNB to choose the correct MCS. 
2.4. PDCCH and Other Control Channels
In order to minimize the number of physical layer changes, we feel that the PDCCH and DCI formats of LTE Rel 8 could be reused for the purpose of CoMP assuming there is no compelling need to introduce new formats.  For the case of CB, the PDCCH would be sent only from the serving cell. In the case of JP, the PDCCH should only be sent from one cell of the set of serving cells. Use of such an “anchor cell,” along with the use of DRS eliminates the need of the UE to monitor the control regions of multiple cells.  
3. Conclusions

In this contribution, we presented some considerations on the air-interface impact of DL CoMP for RS design and SFI feedback. These are applicable to all CoMP techniques (e.g. Joint Processing, Cooperative Beamforming, Cooperative Silencing) and require very few physical layer changes from LTE Rel 8. 
We recommend investigating the techniques presented in this document, including 
· enhanced CQI-RS

· SFI feedback design including solutions for cases with poor backhaul links and payload reduction techniques

· accurate assessment of resource specific channel and interference based on RQI feedback and RQI-RS,

when evaluating CoMP as they can improve performance significantly and provide enhanced user experience. 
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