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Introduction 

RAN 1 #62bis agreed in [1] to restrict cell state information (CSI) measurement and feedback to a signalled set of resources. Resource specific measurements and reporting were agreed, but the details with respect interference averaging restrictions and signalling were left for further study. 

In this contribution, we provide details of how we envision that interference averaging restriction is signalled to the UE.
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Interference characteristics
Resource partitioning scheme agreed in [1] allows for quick adaptive partitioning. In a typical mode of operation, UE would be signalled a set of resources where to perform RLM/RRM measurements that are not expected to change during the length of the connection. These resources are expected to have lowest interference level and therefore are suited for RLM/RRM measurements. Interference characteristics on other resources can potentially change quickly. Therefore, in order to provide accurate CSI feedback to the network, it is recommended that UE restricts interference averaging to the resources that are expected to exhibit similar interference characteristics.

Figure 1 illustrates an example of the framework agreed in [1] where 25% of subframes are assigned to a macro eNB and 25% of subframes are assigned to a pico eNB effectively in a static manner.  UEs can basically be signalled that those subframes can be utilized for RLM/RRM measurements. For the remaining 50% of resources, UE cannot make any assumption. UE needs to be ready for data reception on any of them, at any time and interference characteristics can change quickly. The illustrated partition conforms to 8ms UL HARQ timeline in order to protection control channel for transmitting UL grants and HARQ feedback to the UE. Note that macro and pico eNBs could negotiate exclusive use of these resources, or as illustrated in Figure 1, or they could both allowed using these resources simultaneously. 
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Figure 1: FDD case example; Partitioning of resources (subframes) between macro and pico cells. Macro cell can use 3/4 of resources. Pico cell can use 3/4 of resources. 

In case of TDD however, 8 ms timeline does not work well. However, the resources can still be partition using the same HARQ principle.  Figure 2 shows how for configuration 1, based on 10 ms HARQ timeline, 4 groups can be derived for partitioning. 
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Figure 2: TDD case; Partitioning of resources (subframes). Four groups: Group 1: 0/1/7; Group 2: 5/6/2; Group 3: 4/8;  Group 4: 9/3. Each eNB can be assigned any number of groups, which could be shared or used exclusively.

2.1 

Interference averaging  
From Figure 1 and Figure 2, it is apparent that only interference averaging among subframes that follow HARQ timeline should be allowed. Averaging of interference among subframes with different interference characteristics should not be allowed. To make interference averaging framework generic for both FDD and TDD systems, we propose the following:

· Define groups of subframes where interference averaging is allowed 

· During CSI feedback configuration, include interference averaging group indication to UE

Interference averaging group is defined with a bitmap that is reference to the beginning of the radio frame in the same way as the almost blank subframe (ABS) pattern described in [1]. Given 8 ms periodicity for FDD and 10 ms HARQ periodicity for TDD, the proposed size of the bitmap is 40 ms (40 bits) for both TDD and FDD. 

This means that CSI feedback configuration would then include definition of interference averaging groups. If interference averaging groups are not provided, UE can perform unrestricted interference averaging as it is allowed to do in Rel 8/9. However, if interference averaging group is defined, UE can only utilize subframes associated with the interference averaging group, and it is prevented from averaging interference outside the group. Based on the location of the CQI resource, UE derives the correspond interference averaging group and depending on CQI periodicity, different reporting instances may correspond to different interference averaging groups as shown in Figure 3. 
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Subframes configured for CSI reporting for interference averaging group example show below

Interference averaging groups: example with 8 groups for FDD  
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Figure 3: Grouping of subframes for interference averaging. 

In order control the impact of large interference variation (expected to occur relatively frequently in a TDM framework [1]) on CSI feedback, the eNB should be able to further restrict interference averaging within the group to only include most recent N≥1 subframes. The introduction of interference averaging groups and parameter N, however, does not mandate interference averaging across most recent N subframes of the corresponding group. Our proposal is that UE can always restrict it interference measurements to a subframe configured for CSI measurements and include only most recent interference estimate in the CSI feedback to the network (effectively choose N=1). But in order to prevent averaging across subframes with significantly different interference characteristics, interference averaging must be contained within the N most recent subframes of the corresponding group.

In case of FDD, there is no point in defining for then 8 groups for interference averaging since maximum number of HARQ processes is 8. In case of TDD, the number of groups can be smaller due to the fact that number of HARQ processes is smaller. For that reason, we propose to limit the number of groups to 8 for FDD and 4 for TDD. 
Note that 2 groups may be sufficient for many cases, particularly when the number of pico cells per macro cell is constant as well as when the load across the network is constant. That may be the case for many simulation scenarios considered in RAN 1. The partitioning among macro and pico cells may be the same across entire network and there is no need for more than 2 interference averaging groups. However, practical networks will not have such uniform structure and therefore it is reasonable to assume that adjacent eNBs may not have the same partition. Moreover, some macro cells may not have pico cells at all, and there is no need for partition. And potential introduction of closed femto cells further exacerbates the need for more than 2 interference averaging groups.  For that reason we propose that more than 2 interference averaging groups can be configured.
Proposal 1: Interference averaging for the purpose of CSI feedback can be restricted with RRC signalling, where interference averaging is only allowed within most recent N subframes of the interference averaging group.
Proposal 2: Interference averaging group is defined with a 40ms bitmap.

Proposal 3: Up to 8 interference averaging groups can be defined per UE.
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Conclusions
In this contribution, we propose a framework for CSI interference averaging. We propose to introduce a concept of interference averaging group that is signalled to the UE during CSI feedback configuration. UE would then be allowed to average interference only over the interference averaging groups.     
Proposal 1: Interference averaging for the purpose of CSI feedback can be restricted with RRC signalling, where interference averaging is only allowed within most recent N subframes of the interference averaging group.

Proposal 2: Interference averaging group is defined with a 40ms bitmap.

Proposal 3: Up to 8 interference averaging groups can be defined per UE.
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Subframes configured for CSI reporting for interference averaging group example show below


Interference averaging groups: example with 8 groups for FDD  
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