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1 Introduction
The current RAN1 specifications leave UE the freedom of how to perform interference measurement based on the CSI-IMR. Recently some companies pointed out that it is problematic in practice for good cooperation between eNB and UE [1][2][3]. This issue has been discussed several times and no agreements have been reached so far. Generally, the main views on interference measurements could be summarized as the following 4 options:
Option 1: There is no need to restrict IMR based interference averaging for Rel-11.
Option 2: IMR based interference averaging should be restricted to latest SF and one subband.
Option 3: RRC signaling might be introduced to specify IMR based interference averaging behavior.
Option 4: Implicit signaling might be introduced to specify IMR based interference averaging behavior, e.g., the amount of averaging depends on existing higher-layer signalling, such as the number of configured CSI processes and/or the UE capability in terms of the maximum number of supported CSI processes [10].
In this contribution, the technical views discussed in previous meetings are summarized and we further provide our opinions on how to implement interference measurements over CSI-IM and try to find a technical compromise.
2 Discussion
First we are trying to summarize views from previous discussion. In Rel-11 the concept of IMR based measurement has been introduced in order allow for, depending on the capability of the UE, CQI reporting based on several interference hypothesis. Considering the network scheduling in CoMP manner, UE may be configured to report multiple CSI reports measuring different interference structures. Filtering CSI in these cases rely heavily on the level of transmission point coordination. In cases where very tight transmission point coordination is implemented across a large geographical area, UE CSI filtering may not be required. Here, the interference is controlled by the network and it might be better for network scheduling if UE measures and reports CSI snapshot in each CSI report instead of averaged CSI. In addition TM10 CoMP is assumed to use in slow speed cases, and the channel variation is less while interference may be traffic load depended. In these cases the network needs to know exactly what the interference the UE is seeing per CSI report without any significant time or frequency filtering to better decide on TP scheduling. Filtering in these cases may prevent UE from providing network a true picture of the interference on each IMR instance. System simulation results in [4] show that in the case of relatively dynamic traffic, in the range of medium/high traffic loads where the interference levels vary a lot over time interference filtering is problematic. If the UE behaviour is not well specified there is the risk that end user will experience performance loss.
Observation 1: UE CSI filtering may not be needed or may even be detrimental for IMR based interference measurement where very tight TP coordination and minimal uncontrolled interference exists.
However, when tight TP coordination is not implemented or CoMP cluster size is relatively small, TM10 UE under these cases can benefit from interference averaging measured on IMR, which is similar to legacy UE. Assume a LTE network, PDSCH scheduling in each eNB is dynamically changing over time depending on channel and traffic condition and UE works in the network may experience interference from neighbor cells. From UE’s perspective, it may observe large interference variation in both time domain and frequency domain due to the random PMI scheduled by interfering eNBs, or the dynamic traffic scheduling in interfering cells, or a high UE movement velocity. If UE reports CSI based on instantaneous interference measurement in these cases, CSI reporting could be highly unreliable since there is high chance of mismatch between interference for CSI calculation and interference on PDSCH transmission. The reason for unreliable CSI reporting could be measurement variance due to statistical nature of received signal and interference mismatch between CSI measurement and PDSCH transmission, and then leads to higher BLER and performance loss. Interference averaging over multiple IMR instances would mitigate CSI variation and reduce interference mismatch in partially loaded interference cell scenario. A lot of simulation evaluation show that UE can benefit from interference averaging measured on IMR and obtain better link adaptation performance in large interference variation environment [5][6][7][8][9]. 
Observation 2: Interference averaging measured on IMR may be beneficial to obtain better link adaptation performance in large interference variation environment.
As we summarized in Section 1, the current views on interference measurements could be categorized into four options. Here we discuss the feasibility of these options.
Option 1: There is no need to restrict IMR based interference averaging for Rel-11.
The current specification allows for CQI computation based on an unrestricted observation interval, this leaves the UE behavior completely unspecified, i.e. some UEs may use aggressive filtering leading to very stable interference estimates while other UEs may choose to try to better track more rapidly the interference variations. This leads to highly inconsistent UE behavior in the network which in turns makes it impossible to achieve maximal performance in terms of cell/user throughput due to lack in network optimization for all the UEs in the network. This affects both legacy and Rel-11 UE. On top of that for Rel-11 UE unspecified averaging may lead to wrong CQI reporting because interference conditions can dynamically radically change. So it is important to have a well defined interference averaging behaviour for both legacy and Rel-11 UEs.
Option 2: IMR based interference averaging should be restricted to latest SF and one subband.
From observation 2, interference averaging measured on IMR is beneficial to obtain better link adaptation performance in large interference variation environment, it could be conducted that always restricting the UE interference averaging length to latest subframe and one subband will result in performance loss and the loss may be quite large in some cases.
Option 3: RRC signaling might be introduced to specify IMR based interference averaging behavior.
Considering there are benefits for both interference averaging and no averaging cases, RRC signaling was proposed to be introduced to specify IMR based interference averaging behavior, so that network can specify interference filtering behavior of TM10 UE depending on network deployment scenario and interference coordination level. However, adding RRC signaling to Rel-11 specification is becoming more challenging since ASN was already frozen in RAN #59, it would be almost impossible to change it.
Option 4: Implicit signaling might be introduced to specify IMR based interference averaging behavior, e.g., the amount of averaging depends on some existing higher-layer signaling. 
Since it seems impossible to introduce a new signaling, a compromise was proposed in [10] to specify IMR based interference averaging behaviour based on the number of configured CSI processes:

· Multiple CSI processes configured (for UE supporting feature group 7-1)

· The UE is restricted to have 1ms IMR averaging period.

· Static tests should be defined in such a way to verify the correct UE behavior

· Single CSI process configured (either UE supporting feature group 7-0 or for UE supporting feature group 7-1)

· Two states are defined/signalled by the network

· State 1: 1ms averaging

· State 2: Define the allowed interference averaging up to TBDms 

· This needs to be mentioned in RAN 1 specifications

Basically, we think it is acceptable to introduce implicit signaling to define UE averaging behavior, our concern is whether it is reasonable to define the UE averaging behavior based on the UE capability or on the number of configured CSI processes. According to above description, two states exist if single CSI process is configured, each of them is beneficial to some certain scenarios and it is difficult to define only one option. In general, there is no fundamental reason why the UE behaviour should depend on the number of configured CSI processes, since interference measurements are taken independently for different CSI processes.
In fact even for a single CSI process, periodic reporting needs a robust CQI, thus interference averaging is beneficial, and long term RI reporting should account for long term interference variations. The amount of interference averaging could be left up to UE implementation. For the same CSI process, aperiodic feedback is more suitable for targeting instantaneous adaptation to the traffic, including short-term interference conditions, in which case 1ms interference averaging is preferable. CoMP works best with tight coordination and control of traffic and interference within one CoMP coordination area, and the CoMP scheduler works best when multiple CSI processes are reported simultaneously with synchronized measurements, which can only be achieved with aperiodic CSI feedback.
Based on this observation, we propose to consider a compromise solution based on some (existing) signaling or configuration, so that network can specify interference filtering behavior of TM10 UE depending on network deployment scenario and interference coordination level:
Proposal: Specify interference averaging behavior based on the CSI feedback configuration: 
· Aperiodic CSI feedback configured for a CSI process:

· The interference averaging should be restricted to one subframe for the aperiodic report.
· Periodic CSI feedback configured for a CSI process:

· The amount of interference averaging can be left up to UE implementation for the periodic report.
And for subband-based aperiodic report, a similar behavior that restricting interference averaging to one subband should apply to the frequency domain measurements. 
3 Conclusion

This contribution further discusses how to implement interference measurements over CSI-IM. The following are proposed to drive the conclusion to a compromise from technical point-of-view.
Proposal: Specify interference averaging behavior based on the CSI feedback configuration: 
· Aperiodic CSI feedback configured for a CSI process:

· The interference averaging should be restricted to one subframe for the aperiodic report.
· Periodic CSI feedback configured for a CSI process:

· The amount of interference averaging can be left up to UE implementation for the periodic report.
And for subband-based aperiodic report, a similar behavior that restricting interference averaging to one subband should apply to the frequency domain measurements. 
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