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1
Introduction

In LTE releases 8 to 10 the CQI has been defined as follows:

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 

In this contribution we discuss some problems with the above definition that have been found in some real-life deployments and lab tests. In summary we highlight reasons why we believe that in Release 11 the observation interval for deriving the CQI value should be restricted. We also discuss some other remaining CSI reference resource details.
2
Observation interval for CQI measurements
In releases 8 to 10, the observation interval for deriving the reported CQI values is unrestricted in time and frequency. Essentially, this means that the UE may average channel estimates over multiple CSI-RS occurrences and interference estimates over multiple subframes as long as the UE still meets the relevant performance requirements. Related to the averaging, current performance requirements essentially make sure that the UE provides proper subband CQI without averaging too much in frequency, and that the UE provides proper CQI for each measurement subset, i.e. that the UE does not excessively average interference over different measurement subsets. Furthermore the requirements cover only low speed cases with a small reporting periodicity. Otherwise the UE is basically free to implement any kind of channel and interference averaging with current definitions.
Whether or not the UE averages the interference implies that the reported CQI reflects either instantaneous interference load or average interference load. In addition, since the performance requirements cover only low speed cases and a small reporting periodicity, UE is in principle free to do any kind of speed-dependent or CSI reporting mode –dependent channel and interference filtering and such algorithms are obviously completely UE vendor proprietary.

Hence, different UEs implemented in different ways in terms of channel and interference averaging will be providing basically different types of CQIs. Typically, at the eNB side the CQI reports are further adjusted before scheduling using an outer-loop link adaptation algorithm (OLLA). This OLLA operation may comprise, in addition to for instance ACK/NACK -based offsetting of the reported CQI, for instance filtering of CQI reports over time. In addition to the need of additional CQI averaging, also the optimum OLLA parameters, for instance the OLLA offset change per ACK/NACK, the maximum OLLA offsets etc. may depend on how the UE does channel and interference averaging for the CQI reports. It should be further noted that the eNB is not aware of whether the UE is averaging the channel and interference and hence can not tune the OLLA operation for each UE implementation separately. Thus we observe that current CQI definition risks that different UEs behave differently in terms of channel and interference averaging which the eNB is not aware of, hence making it difficult or impossible for the eNB to handle OLLA for all UEs optimally with one and the same algorithm. Similarly from UE implementation perspective, it is extremely difficult to make CQI reporting perform well together with all envisioned OLLA and scheduler implementations given that these functionalities are completely proprietary to each eNB implementation. In other words, the current CQI definition while giving implementation freedom to both the eNB and the UE, might in fact lead to more difficult CQI adjustment and more complex CQI calculation/implemention in both the eNB and the UE, leading to suboptimal system operation.
The implications of the above issues have been observed in some real-life situations in which system performance degradation was seen due to poorly matching OLLA behaviour with respect to the way the UE was performing CQI measurements, while with respect to other OLLA implementations the UE CQI reporting has been performing perfectly well. Thus, while the “unlimited observation interval” provides at first glance additional freedom for UE implementation, it also constitutes a problem from system performance perspective when different UEs from different vendors co-exist in one network and have different behaviour in terms of channel and interference averaging.
Observations:
· Not limiting the observation interval used in deriving the CQI value implies unclear UE CQI estimation behaviour which may cause difficulties together with OLLA operation at the eNB side.
· Different UEs may report completely different types of CQI, reflecting either for instance average interference or instantaneous interference.
· Handling all different UE implementations with the eNB side OLLA becomes a tremendous eNB implementation burden.
· Making CQI reporting perform well together with any kind of OLLA becomes extremely difficult if not impossible.

· System performance may be degraded whenever OLLA is not properly tuned to the UE channel and interference averaging behavior.
Based on the above observations, it seems clear that the specification should enable the eNB to match the OLLA functionality with the UE CQI measurement behavior. This can only be achieved by specifying more precisely the UE CQI measurement behavior. Given that in Release 11 transmission mode 10 the CQI measurements will be performed using CSI-RS and IMR, the natural way to do this is to restrict the measurement interval only to the latest CSI-RS and IMR occurrences before or in the CSI reference subframe. In this case, each CQI report would reflect instantaneous (per subframe) channel and interference statistics. This would have the following properties:
-
Due to a more strict specification, UE behavior would become more harmonized across different vendors, enabling better OLLA optimization for all UE implementations.

-
The eNB would get more insight into channel and interference statistics experienced at the UE side – not only a longer term average, but also information about any dynamic interference fluctuations. OLLA filtering at the eNB side could be optimized accordingly.
-
It is noted here that system simulations performed in RAN1 typically assume instantaneous interference load rather than averaged. It is not clear how the performance would change under the assumption of averaged interference that the specification allows currently.

-
CQI reports may become more noisy because of more limited sample support, hence the OLLA algorithm at the eNB may need to perform additional CQI filtering (in addition to adding the ACK/NACK –based offset). 
Hence, our proposal is that the CSI-RS and IMR-based channel and interference measurements for deriving the CQI value at the UE side should be restricted only to the latest CSI-RS and IMR occurrence in or prior to the CSI reference resource.
This would probably have an impact on the test case definitions in RAN4. For instance, it might actually need to be tested that the UE does not do excessive averaging in time or frequency domain. As another example, in RAN1#70 RAN1 sent an LS to RAN4 asking about the accuracy of interference measurements if the IMR comprises less than 4 REs/PRB [1]. Whether or not the UE is allowed to average interference over multiple IMR occurences could have an impact on the RAN4 response to this LS. Hence, it might be worthwhile sending an LS to RAN4 if it is agreed to restrict the observation interval.
Proposals:

-
CSI-RS and IMR –based channel and interference measurements used for deriving the CQI value shall be restricted only to the latest CSI-RS and IMR occurrence in or prior to the CSI reference resource.
-
Consider sending an LS to RAN4 to inform them about this decision.

3
Overhead assumption for CQI calculation
In TS36.213, the overhead assumed to be associated with the CQI is specified as follows:

In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, PMI and RI:

· The first 3 OFDM symbols are occupied by control signalling

· No resource elements used by primary or secondary synchronisation signals or PBCH

· CP length of the non-MBSFN subframes

· Redundancy Version 0

· If CSI-RS is used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE is as given in Section 7.2.5 

· For transmission mode 9 CSI reporting:
· CRS REs are as in non-MBSFN subframes; 
· …
· Assume no REs allocated for CSI-RS and zero-power CSI-RS

· Assume no REs allocated for PRS

· …
In particular, according to the above definition, the UE should assume CRS REs as in non-MBSFN subframes. In case of CoMP, each CSI process would be associated with a transmission from a certain CSI-RS resource associated typically with one transmission point which may or may not have the same CRS overhead as the serving cell. Hence if the previous definitions are followed, it should also be known to the UE which CRS overhead should be assumed in the CQI calculation. It is not entirely clear that the UE should always assume serving cell CRS overhead as the other cells involved in CoMP may have different CRS overhead, and therefore the eNB would always have to do extra scalings to the CQI. 

It is noted that for CRS rate matching purposes, the UE anyway needs to be informed about the CRS overhead associated essentially with each transmission point. Hence a straightforward approach to cover all cases, including rate matching around CRS in demodulation, is to simply associate each non-zero-power CSI-RS resource configured to the UE with one set of CRS parameters (number of CRS antenna ports, frequency shift, MBSFN subframe configuration) [2]. Such association via RRC would provide the UE both the overhead assumption used in CQI calculation as well as the CRS that should be considered in rate matching when the transmission is coming from the point associated with a certain CSI-RS resource (which is then signalled in DCI [2]).
Proposals:
-
Each non-zero-power CSI-RS resource is associated with one set of CRS parameters (number of antenna ports, frequency shift, MBSFN subframe configuration).

-
When deriving the CQI for a specific CSI process, the UE shall assume CRS overhead associated with the non-zero-power CSI-RS linked to that CSI process.

4
Conclusions
In this contribution we have discussed some aspects of the CSI reference resource definition in Release 11. Based on some real-life experiences we emphasize the importance of specifying restrictions to the observation interval used for deriving the CQI value. Our proposals are summarized as follows:
-
CSI-RS and IMR –based channel and interference measurements used for deriving the CQI value shall be restricted only to the latest CSI-RS and IMR occurrence in or prior to the CSI reference resource.
-
Consider sending an LS to RAN4 to inform them about this decision.

-
Each non-zero-power CSI-RS resource is associated with one set of CRS parameters (number of antenna ports, frequency shift, MBSFN subframe configuration).

-
When deriving the CQI for a specific CSI process, the UE shall assume CRS overhead associated with the non-zero-power CSI-RS linked to that CSI process.
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