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1. Introduction

The observation interval for interference measurements over the CSI-IM was discussed in previous RAN1 meeting [1]

 REF _Ref350760404 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref350760405 \r \h 
 \* MERGEFORMAT [3], while in RAN#58 plenary it has been decided to further consider this problem in RAN4. Initial discussions took place during RAN4#66 [4],[5],[6],[7],[8],[9],[10] and [11], however it was not possible to agree a way forward [12] and further discussion is expected in RAN4#66bis.
In this contribution we provide further views and analysis of the interference averaging related to COMP. Agreement on the interference averaging methodology is an important prerequisite to developing COMP CSI requirements. Additionally, it was a conclusion [14] of the discussion in RAN [13] that RAN4 would address the aspect and inform RAN1 by LS of the outcome. The issue would be handled as a release 11 correction, but as the CQI framework falls within the definition of core work, our view is that this correction is urgent.

[image: image1]
2. Discussion

Release 11 introduces a new interference measurement mechanism based on the channel state information interference measurement resource (CSI-IM). Corresponding RAN4 testing framework and minimum performance requirements need to be agreed. The CSI-IM based measurements replace the previous unspecified mechanism, which in practice meant that UEs were acquiring erroneous interference estimates based on CRS REs that that dodo not reflect the  interference level experienced by data over PDSCH.

In LTE 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 over time channel estimates and interference estimates over multiple CRS/CSI-RS occurrences as long as the UE still meets the relevant performance requirements. Related to the averaging, current performance requirements essentially attempt to ensure that the UE provides proper sub-band CQI without averaging too much channel in frequency and time domain, interference in frequency domain, 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. It should be also noted that in practice a considerable amount of averaging might be allowed, stemming from the fact that the CSI requirements are based on the worst performing implementation, not the average performance of all implementations as it is the case with the demodulation requirements.
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.

Based on real life experiences of release 8-10 CQI, we believe it is highly desirable for the observation interval to be more carefully defined for COMP-CSI:

· Observation 1 : From eNodeB perspective, the current CQI definition risks that different UEs behave differently in terms of channel and interference averaging which the eNB is not aware of.

· Observation 2 : From a UE implementation perspective, it is extremely difficult to make CQI reporting perform well together with all envisioned scheduler implementations given that these functionalities are completely proprietary to each eNB implementation
For example, as a part of the outer loop link adaptation (OLLA) the eNB may perform further averaging of CQI, as well as, for instance ACK/NACK -based offsetting of the reported CQI. Since the eNB is unaware of the averaging methodology used at the UE side, it cannot perform an optimal averaging of reported CQI which works well with all envisioned UE implementations, and also the best parameter settings for OLLA such as ACK/NACK offsets, maximum OLLA offsets etc may well depend on how the UE performs channel and interference averaging.
Since the eNB is unaware of the UE averaging, the network OLLA implementation must make assumptions about how the UE has been implemented which may or may not be valid, and at the same time, the UE must be tuned or optimised to work as well as possible with all possible scheduler implementations. Experience of release 8-10 CQI has indicated that this is a time consuming and difficult exercise in both eNB and UE implementation, with no guarantees that the link adaptation performs in an optimal manner as a result. For example, in [1] it has been reported that 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. It should be noted that it is difficult to study the issue exhaustively in RAN4, due to the proprietary nature of eNB OLLA implementation, and moreover if freedom is also allowed for different UE averaging methodology in different scenarios then the UE averaging period is also a proprietary part of UE implementation. It should be noted that the discussion relates fundamentally to the methodology of CQI, whether it is intended to be an instantaneous observation of channel quality, or an average quantity related to average interference load. This is clearly a very fundamental aspect of the measurement and it does not seem appropriate to continue to determine the observation interval in an adhoc manner. Similarly to RRM measurements, which already have a well-defined layer 1 measurement period, it is important to specify the observation interval for CQI to ensure a good basis for the system to work well with good interoperability between different eNB and UE implementations.
Proposal 1 : The interference averaging interval/amount for IMR based CQI measurements shall be specified

In RAN4#66, there was discussion, for example in [5] that the network could provide signalling information to the UE specifying the filtering behaviour needed based on the deployment and the network knowledge of the interference structure. In our view, the important aspect here is that the observation interval shall be well defined in all cases. For example, a simple 1 bit signalling where the UE may be configured to operate in either a well-defined or alternatively an UE selected CQI observation interval is not sufficient to solve the issue. In case the UE is configured to the UE selected CQI operation, our understanding is that the eNB and UE are still expected to interoperate well and to support link adaptation which gives good performance at system level. Clearly the real life issues associated with not specifying observation interval which are described in this paper may still occur and so the problem is not solved when the UE is configured for UE selected CQI averaging operation. If the eNB and UE are not able to interoperate effectively to provide good OLLA peformance with this RRC configuration then the question naturally arises, what is the point in providing such a mode of operation in the first place. However, given the possibility of the eNB to perform averaging, a signalled solution seems to be unnecessary, although an eNB configurable observation period could allow the UE reporting rate to be optimised. Nevertheless, the important aspect is that if additional RRC signalling were to be considered to provide further configurability, the observation interval anyway needs to be well specified for all possible signalled values, otherwise the issues caused by different UE and eNB implementation are not fully solved. In addition, RRC signalling based solution may also need to indicate the specific averaging algorithm for UEs, which is however more UE implementation dependent and thus not suitable for standardization.
A better solution would be to specify a short observation interval at the UE side, and then to perform further CQI averaging in the eNB as necessary to cope with deployments and network knowledge of the interference structure. In this way the network can be adapted to operate in different scenarios without the additional overhead of signalling, and without introducing additional UE functionalities which need to be carefully tested. For example,  in case of  DPB-based CoMP operation , the interference averaging in UE may risk CoMP operation due to lacking of the information about the occurrence of blanking subframes in the other cells (or the strong interfering cells). Instead, the network side can know better how to make averaging for the reported CQIs with inter-cell operation information under CoMP architecture Especially, it should be noted that the same problem are also arise for the CRS-based legacy transmission mode UEs under CoMP or eICIC operation.
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Figure 1. CQI averaging issue under CoMP or eICIC scenarios.
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 sub-frame. Similarly, the measurement interval for the CRS-based legacy transmission modes is clarified as the CRS reference sub-frame. In this case, each CQI report would reflect instantaneous (per sub-frame) channel and interference statistics. This would provide the following benefits and properties:

-
Due to a more strict specification, UE behavior would become more harmonized across different vendors, enabling better OLLA optimization for all UE implementations. On the other hand, the specification will provide a clear guidance to UE implementation regarding the expected CQI estimation behavior.

-
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.

-
In CoMP, eNodeB may expose IMRs belonging to different CSI processes to different intra- or inter-cell interference characteristics that may vary dynamically over time/frequency. Time averaging or excessive frequency averaging of interference at UE side within an IMR or across IMRs would go against the original design principles of the IMR.

- 
CQI reports may become more noisy because of more limited sample support, however the OLLA algorithm at the eNB may perform additional CQI filtering (in addition to adding the ACK/NACK –based offset) if needed.
It should also be noted that a similar approach has been used for HSDPA CQI. 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 well defined and clarified as only to the latest CSI-RS and IMR occurrence in or prior to the CSI reference resource. This may 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
Proposal 2 : Regarding the averaging interval, CSI-RS and IMR-based channel and interference measurements for deriving the CQI value at the UE side should be defined as the latest CSI-RS and IMR occurrence in or prior to the CSI reference resource. 
Proposal 3 : The measurement interval for the CRS-based legacy transmission modes is defined as the CRS reference sub-frame.
Assuming agreement of the proposals, a liaison statement should be sent to RAN1 to inform them of the outcome in line with the discussion in RAN#58, and the further work on the CSI testing framework for COMP in RAN4 can continue.

3. Conclusions
In this contribution, we provide further considerations on interference averaging for CSI-IM. Unlike the L1 measurement period for RRM measurements, the observation interval for CQI is not precisely defined by release 8-10 specifications, and this causes real life problems, and we make the following observations :
· Observation 1 : From eNodeB perspective, the current CQI definition risks that different UEs behave differently in terms of channel and interference averaging which the eNB is not aware of.

· Observation 2 : From a UE implementation perspective, it is extremely difficult to make CQI reporting perform well together with all envisioned scheduler implementations given that these functionalities are completely proprietary to each eNB implementation
Fundamentally, there can be two possible methodologies for UE reported CQI, - an instantaneous or a load averaged value. Ensuring good OLLA performance without specifying at least the interoperability aspects between UE and eNB is challenging.

To avoid these issues with CSI-IM based CQI, we make the following proposals

Proposal 1 : The interference averaging interval/amount for IMR based CQI measurements shall be specified

Proposal 2 : Regarding the averaging interval, CSI-RS and IMR-based channel and interference measurements for deriving the CQI value at the UE side should be defined as the latest CSI-RS and IMR occurrence in or prior to the CSI reference resource. 
Proposal 3 : The measurement interval for the CRS-based legacy transmission modes is  defined as the CRS reference sub-frame.

In addition, we provide further views on possible signalling solutions which were suggested, for example in [5], and for which the discussion started in RAN4#66. To avoid ambiguity on CQI methodology, it would be important that any signalling solution clearly defined the expected observation interval for all possible signalled configurations. However, since the eNB is able to perform further averaging of the UE CQI reports, configuring UE averaging in this way seems unnecessary, and would introduce overhead and additional testing without clear benefit over eNB averaging solutions.
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