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Introduction 
Multi-antenna transmission techniques including high order MIMO, precoding and coordinated multi-point (CoMP) have been identified as key enablers of high spectral efficiency in LTE-Advanced. Supporting these features requires enhancements of downlink reference signal (RS) structure as well as advanced UE feedback design. Various aspects of downlink RS design have been discussed at length in the past RAN1 meetings, see e.g. [1] and [2]. In the context of CoMP, UE feedback design considerations have been discussed in the RAN1#57 meeting as summarized in [3].  A unified framework for UE feedback design in support of single cell multi-antenna (SU–MIMO and MU-MIMO) transmissions as well as CoMP is presented in [4]. 
In this contribution, we discuss CQI/RI reporting modes needed to address a variety of multi-antenna transmission techniques in various scenarios. We build upon the analysis presented in [4] to argue that only two reporting modes will be required. The first mode is primarily designated for low mobility UEs but can also apply to high mobility UEs with persistent spatial characteristics, e.g. due to correlated antenna configurations, and will be referred to as closed loop mode.  The second mode is primarily designated for high mobility UEs and will be referred to as open loop mode.
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Closed loop reporting 

Based on a detailed analysis of feedback requirements in the context of SU-MIMO, MU-MIMO and CoMP presented in [4], we came to the following conclusions:
·    Intra-cell SU-MIMO. The existing CQI/RI feedback mechanism of LTE Rel-8 is adequate as UE has all the information needed to compute CQI/RI assuming that transmit precoding is performed consistent with the spatial channel feedback performed by the UE. This observation applies to broadband as well as finer (subband level) CQI/RI feedback.   

·    Intra-cell MU-MIMO. Since UE does not have information about co-scheduled UEs and their respective preferred beams prior to scheduling decisions at eNodeB, it is not possible to accurately capture short-term multi-user interference in CQI/RI report. Based on this observation, it seems reasonable to retain SU-MIMO reporting mechanism and rely on eNodeB adjustments to CQI/RI based on multi-user scheduling decisions. Possible enhancements to this approach have been discussed in [4] in the context of uncorrelated and correlated transmit antennas. These enhancements yield additional reporting based on either clustered codebook structure (applicable to correlated antennas) or maximum multi-user interference level guaranteed by the serving eNodeB and signalled to the UE. Such additional reports may not need to be dynamic, hence can be carried out over upper layer signalling (PUSCH) and do not introduce additional reporting modes. The value of such additional reporting needs to be carefully studied. Finally, it is worth emphasizing that H-ARQ can play a significant role in recovering residual inaccuracy due to multi-user interference in the context of MU-MIMO provided a sensible UE pairing strategy by the serving eNodeB.
·    CoMP. As shown in [4], the uncertainty of short-term channel and interference conditions in certain deployment scenarios of interest on one hand and large variety of possible multi-cell multi-user scheduling decisions, underlying transmit beams and PSD levels, on the other hand, impairs UE ability to compute CQI/RI with adequate accuracy prior to (tentative) scheduling decisions at eNodeBs. To this end, the notion of precoded feedback is introduced in [4]. Such a CQI/RI feedback can be facilitated due to precoded RS transmitted by eNodeBs prior to the actual traffic (PDSCH) transmission in a manner consistent with the upcoming transmission while UEs are requested to report short-term CQI and possibly RI based on such precoded RS. Alternatively, precoding information can be exchanged over the backhaul provided adequate backhaul latency and a proper protocol support. The suggested mechanism not only enables accurate CQI/RI reporting but also final UE selection at serving eNodeB based on such short-term CQI/RI reports. Note that precoded feedback would benefit single cell transmissions as well since, unlike traditional CQI/RI reporting, it captures short-term interference conditions. 
Note that all the above cases make use of the same CQI/RI reporting mechanism. For the regular (periodic/aperiodic) CQI/RI reports, UE assumes precoded transmission based on the short-term channel knowledge measured due to CSI-RS. For this kind of reporting, interference estimation would require some filtering at the UE but, in general, is similar to that in LTE Rel-8. Additionally, UE computes CQI and possibly RI based on the short-term channel and interference knowledge acquired through precoded RS corresponding to certain resource set(s) whenever UE is polled by the serving eNodeB to generate reports for the mentioned resource sets. Hence, for a low mobility UE, no mode switching and/or multiple hypotheses reporting is needed regardless of the transmission type envisioned by the network. 
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Open loop reporting

This reporting mode is primarily intended for high mobility UEs when short-term channel and interference measurements cannot be used to assess CQI/RI for the upcoming transmission. The basic principles of open loop reporting therefore are (i) transmission technique to maximize diversity and (ii) statistical filtering of CQI/RI values which, along link adaptation (backoff) algorithm run by the scheduler, enables desired latency targets. While statistical filtering of CQI/RI can be performed by the serving eNodeB based on consecutive short-term CQI/RI reports, diversity transmission (as opposed to e.g. short-term channel dependent precoded transmission), needs to be assumed by the UE for CQI/RI calculation.  
In LTE Rel-8, open loop operation is enabled due to large delay cyclic delay diversity (LD-CDD). Whenever CRS is used as demodulation reference signal, UE needs to know downlink transmission parameters exactly in order to perform demodulation. Since the downlink transmission is defined exactly for the purpose of demodulation, it can be used for CQI/RI reporting as well. In the case of UE-RS based transmission, UE does not need to know the exact transmission parameters, which provides extra scheduling flexibility at eNodeB. Since the accurate knowledge of transmission parameters at the UE is no longer warranted, we can envision two approaches to open loop CQI/RI reporting.
·    Loosely defined open loop transmission. UE assumes that “random” precoding vectors will be chosen by eNodeB on different PRBs. As for the ensemble of precoding vectors to be used, UE can be referred e.g. to the precoding codebook defined for closed loop feedback. CQI/RI is further computed assuming a broadband assignment spanning the entire downlink bandwidth.  

·    Tightly defined open loop transmission. UE assumes a particular precoding vector associated with every PRB. This is, in fact, an extension of the existing LD-CDD concept to UE-RS based transmission. A particular (cell-specific) sequence of precoding vectors is defined relative to all CSI-RS ports for every PRB. Obviously, a new precoding pattern will be defined for the 8 antenna configuration in the context of LTE-Advanced. Similar to the former loosely defined approach, CQI/RI is further computed assuming a broadband assignment spanning the entire downlink bandwidth. 

Note that both approaches yield certain residual CQI/RI mismatch since the assumed downlink assignment is not matched to the actual assignment and eNodeB may exercise flexibility of dynamic beam selection, e.g. in the context of MU-MIMO or CoMP in which case the actual precoding vectors would be different from those used for CQI/RI assessment. This residual inaccuracy will be handled by link adaptation algorithms and H-ARQ. Interference estimation for open loop CQI/RI reporting would be similar to LTE Rel-8.
Note that open loop reporting mode is most suitable for the regular (periodic/aperiodic) CQI/RI reporting since precoded reporting would lack accuracy of both channel and interference estimates due to UE mobility. This is inline with the observation that CoMP gains are not expected for high mobility UE, except the case of highly correlated antennas that falls into the closed loop reporting framework. Also most CoMP gains are seen under harsh interference conditions arising in HeNodeB CSG deployments as well as heterogeneous deployments where UE associates with a close-by low power (H)eNodeB or relay while high mobility is uncommon in these scenarios. 
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Summary
In this contribution, we show that LTE-Advanced downlink operation including a variety of transmission techniques such as intra-cell SU-MIMO and MU-MIMO as well as CoMP, can be supported with only two CQI/RI reporting modes, namely closed loop reporting suited for low mobility UEs and open loop reporting suited for low mobility UEs. 
Closed loop reporting can efficiently support all the advanced transmission techniques envisioned for LTE-Advanced especially when precoded feedback is enabled. It is worth noting that closed loop reporting is applicable to broadband as well as finer (subband level) CQI/RI feedback. 
Open loop reporting described in the document can be seen as extension of LD-CDD concept used in LTE Rel-8.  
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