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1 Introduction
In 3GPP RAN1 #66bis, work on the CoMP work item was initiated with the following four CoMP scenarios in consideration [1]:
· Scenario 1: Homogeneous network with intra-site CoMP.
· Scenario 2: Homogeneous network with high power remote radio heads (RRHs).
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage.
· Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell ID as the macro cell.
As such, different areas of the specification that required enhancements in order to support CoMP were identified. Areas of potential enhancements include channel feedback, downlink/uplink reference signals, power control, etc. However, for the most part of the CoMP discussions in RAN1, the focus was on the support of CoMP based on CSI-RS and DMRS. On the other hand, discussion on CRS based CoMP was relatively less active. Therefore, the issue of whether specification support should be provided for CRS based CoMP in addition to CSI-RS/DMRS based CoMP needs to be clarified. This contribution discusses the specification support for CRS based CoMP.

2 Specification Support for CRS based CoMP

The main benefit of CRS based CoMP would be that Release 11 networks would be able to support CoMP without having to implement CSI-RS and DMRS. Such an approach could be beneficial if the number of transmit antennas per eNB is small since the additional overhead of DMRS would not be necessary. Cooperative transmission can be made to a UE configured with TM4 (closed loop MIMO) such that CS/CB, DPS, or JT could be realized. This section discusses the necessary specification support for CRS based CoMP.
2.1 Interference Measurement
The feedback for CRS based CoMP would have to allow multiple per-CRS feedback configurations for a single UE. In some aspects such configuration is quite similar to carrier aggregation where multiple per-CRS feedback configurations are supported for different carriers. Currently, the agreement in RAN1 is to support multiple per-CSI-RS feedback configurations.
In order to realize efficient CoMP, one of the essential things that need to be considered is the measurement of interference and reflecting the measured interference on the UE’s channel feedback. Additionally, in order for the eNB to accurately assess the effect of coordinated scheduling such as dynamic blanking, it would have to have which interference was taken into account when deriving the CQI. For this reason, companies have proposed the adoption of interference measurement resources which are basically zero-power CSI-RS configurations where the network has the flexibility to control the interference that a UE measures for CSI-RS/DMRS based CoMP. However, it is not clear how similar approach can be taken for CRS based CoMP.
2.2 CRS Measurement Accuracy for Demodulation

From the UE’s perspective, in order to achieve the full benefit of CoMP, it is important that both the PDSCH and the reference signal the UE uses to demodulate the PDSCH have similar CoMP benefits. For example, in CSI-RS/DMRS based CoMP, the DMRS is always precoded with the same precoding as the PDSCH. Therefore, the UE could expect the same level of CoMP benefits on both of them. However, in CRS based CoMP (ex. TM4), the CRS cannot take the same advantage of CoMP as PDSCH. The main reason would be due to the lack of precoding on the CRS. As a result, the PDSCH could be transmitted such that the interference on it is mitigated but the same level of interference mitigation would not apply to the CRS. For example, using coordinated beamforming, the network could assign a spatial direction that has small interference for PDSCH but the same cannot be said of CRS since CRS does not have the same precoding as PDSCH.
It is important to understand whether CRS based CoMP can still provide sufficient performance gains even with such deficiency before initiating any specification work on CRS based CoMP.
2.3 PDCCH Capacity
One of the key enhancements of Release 11 is the introduction of ePDCCH which is based on DMRS. By utilizing ePDCCH, it is possible to deploy ePDCCHs among different TPs such that the mutual interference is mitigated. In other words, it would be possible to implement CoMP not only for PDSCH but also for ePDCCH. Additionally, due to the FDM structure of E-PDCCH, it is possible to more flexibly control the capacity of ePDCCH. These advantages cannot be achieved for CRS based CoMP.
One might argue that ePDCCH could still be employed for CRS based CoMP (ex. TM4) as well but then the whole point of having CRS based CoMP which was to not implement DMRS and saving the DMRS overhead seems to diminish.

2.4 Joint Transmission
As agreed upon during the previous RAN1 meetings and noted in the approved WI description [3], the specification on CoMP in Release 11 should support JT, DPS including DB, and CS/CB including DB. For CSI-RS/DMRS based CoMP, all of the above can be easily supported in the specification. For example, in case of JT, the network can determine the channel status by configuring the UE to feedback for a single aggregated CSI-RS under which there are multiple TPs. Such an aggregated CSI-RS would allow coherent JT if the network chooses to implement CoMP in such a manner. And since DMRS is used, information pertaining to what precoding was used does not have to be included in the DCI when scheduling PDSCH. From the UE’s point of view, the entire process is transparent.
Compared to CSI-RS/DMRS based CoMP, the situation for the CRS based CoMP is not so simple. Without a UE-specific reference signal such as DMRS, JT would have to be implemented in one of the following alternatives:
· Alternative 1: Multiple cells transmit individual DCIs and corresponding PDSCHs. For example, JT over 2 cells would require one DCI from the first cell and another DCI from the second cell. PDSCH is transmitted from both the first and the second cell (DCI1 for PDSCH1 from Cell 1, DCI2 for PDSCH2 for Cell2, etc).
· Alternative 2: Only the serving cell transmits DCI but multiple cells contribute to PDSCH. For example, JT over 2 cells would require one DCI from the serving cell. PDSCH is transmitted from both cells.
Alternative 1 would require the UE to monitor PDCCH from multiple cells of the same frequency. Additionally, depending on how the specification is written, the UE might have to decode more than 2 codewords since each DCI can schedule up to 2 codewords. Alternative 2 would require additional precoding information in the DCI. The precoding information would include the precoding information per cell and also the precoding information between cells. It seems that both cases require additional specification work on top of what is necessary for realizing JT using CSI-RS/DMRS based CoMP.
In order to proceed with the specification work to support CRS based CoMP, we would first need to determine whether or not to support JT and if so, the details of such JT operation.

3 Conclusion
This contribution discusses the specification support for CRS based CoMP. The main benefit of CRS based CoMP is that the network can operate CoMP without the implementation and overhead of CSI-RS and DMRS. However, there are a number of issues that require further discussions and clarifications for specification work to begin. Such issues were discussed in this contribution. Given the situation, we propose that all discussions on CRS based CoMP be deferred to Release 12.
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