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1 Introduction
In 3GPP RAN #53 meeting, the CoMP work item was agreed for Release 11 [1]. The following are some of the issues agreed for Release 11 CoMP:
· Specify the support of intra- and inter-cell CoMP for homogenous and heterogeneous configurations studied in the CoMP study item. 

· The work for specifying CoMP support in Rel-11 should focus on
· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking
In view of the agreement, RAN1 initiated work on the physical layer specification of CoMP for Release 11. One of the key specification issues that need resolution for CoMP in Release 11 is the definition of CQI. Much of the discussions on the definition of CQI have been focused on the definition of IMR in measuring the interference between transmission points. An additional issue that requires careful attention is the definition of CQI when a UE’s PMI/RI are disabled. This contribution discusses the specification support required when a UE is configured with feedback in which the PMI and RI are disabled.
2 PMI/RI Disabled Feedback
The LTE/LTE-A specification supports the disabling of RI/PMI such the CSI reports by a UE consists of only CQI without either PMI or RI. This feature allows the network to operate the downlink MIMO transmissions with far less overhead compared to the case where RI and PMI are reported. This feature is especially useful for TDD systems where the network can take advantage of channel reciprocity to determine the precoding of the downlink transmissions. The following is some of the relevant specification support for PMI/RI disabling defined in the 36.213 [2]. 
· In Release 10, a UE in transmission mode 8 or 9 is configured with or without PMI/RI reporting by the higher layer parameter pmi-RI-Report. (from section 7.2)
· For a UE in transmission mode 9 when parameter pmi-RI-Report is not configured by higher layers or in other transmission modes the UE shall derive the channel measurements for computing CQI based on CRS. (from section 7.2.3)
· PDSCH transmission scheme assumed for CSI reference resource 

· For transmission mode 8 or 9, if the UE is configured without PMI/RI reporting: If the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity. (from table 7.2.3-0 of section 7.2.3 )
In short, when PMI/RI disabling is in effect, the UE reports back CQI which is generated by measuring the CRS and assuming PDSCH transmission of transmit diversity. Therefore, even if the network is operating CSI-RS, the UE would fallback to CRS for the CQI determination. 
The problem with this CQI determination method is that it would prohibit efficient CoMP operation under CoMP scenario 4 where multiple transmission points share a common physical Cell ID. In CoMP scenario 4, the CRS is transmitted from all the TPs sharing the common physical Cell ID. Therefore, when PMI/RI disabling is in effect, the channel measured and reported back is the combined channel from all the TPs as shown in Figure 1.
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Figure 1. Comparison of channel measurement with CSI-RS and CRS in CoMP scenario 4.

In addition, the assumption on quasi colocation of CRS and CSI-RS is still being debated in RAN1. The fundamental basis of CoMP is to allow the UE to measure the channels from different TPs and to report back the measurements in the form of PMI, RI, or CQI. Based on such CSI reports, the network can perform advanced scheduling to determine the transmitting TP(s), the transmission timing, and the transmission precoding direction. However, these essential components of CoMP can no longer be utilized once PMI/RI disabling is in effect.
3 Support for PMI/RI Disabled Feedback in CoMP Scenario 4
In this section, we discuss the specification support required to efficiently operate in CoMP scenario 4 with PMI/RI disabling. In order to efficiently operate in CoMP scenario 4 with PMI/RI disabling, two important specification issues have to be resolved: reference signal precoding assumption for CQI generation.
3.1 Reference Signal for Channel Measurement

As mentioned in Section 2, when PMI/RI disabling is in effect, the UE automatically measures the CRS for CSI reporting. In CoMP scenarios 1, 2, and 3, measuring CRS could be the right course of action since each cell has a single TP which transmits both CRS and CSI-RS. Therefore, measuring either CRS or CSI-RS essentially results in the same outcome in terms of system performance and operation. Additionally, in Release 11 non-CoMP networks where CSI-RS is not utilized, using CRS for channel measurement would be beneficial in terms of implementation complexity. However, in Release 11 CoMP networks, though measurements on CRS could be defined, further consideration is needed on whether the channel and interference estimation accuracy on neighbour cell CRS is sufficient. On the other hand, in CoMP scenario 4, measuring CRS is problematic since CSI reports based on such measurement cannot distinguish between the different TPs belonging to the same cell. Therefore, in CoMP scenario 4, it is important that additional specification support is provided such that a UE measures CSI-RS instead of CRS when PMI/RI disabling is in effect.
In order to maintain the support for CRS measurement and to introduce the possibility of CSI-RS measurement when PMI/RI disabling is in effect, an RRC signalling that indicates whether to measure CRS or CSI-RS needs to be defined in Release 11. The RRC signalling would work such that
· If pmi-RI-RS is ‘0’, UE measures CRS for CSI reporting

· If pmi-RI-RS is ‘1’, UE measures CSI-RS for CSI reporting

An alternative to the RRC signalling of ‘pmi-RI-RS’ is to adopt an implicit rule which allows a UE to determine whether it should measure CRS or CSI-RS. Such rule could be defined in terms of the UE’s non-zero power CSI-RS configuration and IMR (Interference Measurement Resource) configuration.
3.2 Assumed PDSCH Transmission Scheme

If a UE is to measure CSI-RS when PMI/RI disabling is in effect, the PDSCH transmission scheme that it assumes needs to be specified in support of this feature. In Release 10, when PMI/RI disabling is in effect, the UE assumes transmit diversity on CRS. Likewise, when PMI/RI disabling is in effect, the UE needs to assume a specific PDSCH transmission scheme when generating the CQI. Few candidate schemes are listed below in Table 1.
Table 1. Candidate UE assumptions on PDSCH transmission for CQI generation. 

	PDSCH Transmission Assumption
	Description

	Transmit diversity
	· UE assumes (SFBC or FSTD) on CSI-RS in generating the CQI

· Additional details for the case of 8-port CSI-RS needs to be defined

	Transmit diversity with a modified small-delay CDD [3]
	· UE assumes 2-Tx SFBC on CSI-RS in generating the CQI.

· When the number of CSI-RS antenna ports is 4 or 8, apply antenna virtualization with a modified small-delay CDD with a constant phase shift [3]. 

	Network configured precoding
	· RRC signalling is used to indicate to the UE which precoding to assume in generating the CQI

	Default precoding
	· A fixed precoding a UE should assume in generating CQI is specified in 36.213

	Precoder cycling
	· UE applies multiple precoders in a cyclic manner in the frequency or/and time  domain in generating the CQI


Using transmit diversity as the PDSCH transmission assumption seems to be the natural direction to proceed given what is specified in Release 10. However, transmit diversity is only defined for up to 4 antennas. Therefore, for the case of 8 antennas, either a new transmit diversity scheme would need to be defined or  antenna virtualization would need to be applied to the available CSI-RS antenna ports before applying any precoding assumption would be needed. It is noted that one example antenna virtualization method relying on a modified small-delay CDD was proposed in [3] during Rel-10 discussions. Another issue is the lack of a reference transmit diversity scheme based on DMRS. Using network configured precoding or default precoding provides a simple solution for PDSCH transmission assumption but might not be adequate in terms of performance given its limited ability to average the channel from multiple antennas.
4 Conclusions

The current specification support for PMI/RI disabling would not allow efficient operation in CoMP scenario 4 where multiple TPs share a common physical Cell ID. In order to provide the necessary specification for PMI/RI disabling in CoMP scenario 4, it was observed that the network should have the ability to configure the UE to measure either the CRS or CSI-RS when PMI/RI disabling is in effect. Additionally, it was observed that a new UE assumption on PDSCH transmission needs to be defined when generating the CQI.  
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