3GPP TSG RAN WG1 Meeting #63bis                                                            R1-110381
Dublin, Ireland, 17th – 21st January, 2011
______________________________________________________________________Agenda item: 6.2.6
Source: LG Electronics
Title: Details of CSI Reporting in Time-domain eICIC
Document for: Discussion and Decision
1. Introduction
The following agreement was made on CSI reporting in time-domain eICIC in RAN1#63 [1]:

· CSI (CQI,PMI,RI) feedback based on interference measurement in restricted subsets of subframes is enabled through configured subsets of subframes indicated by CSI measurement subframe configuration

· Subframe subsets are signalled by RRC (e.g. with bitmaps of size matching the size of almost blank subframe pattern)

· 0 or 2 subframe subsets can be configured per UE

· Baseline is that the UE only reports CSI for each configured subframe subset

· If 0 subframe subsets are configured, this whole proposal does not apply. 

· The 2 subframe subsets may or may not be the complement of each other. 

· Signalling details are up to RAN2. 

· No mention of complementary subset in RAN1:  whether to introduce this is subject to feedback from RAN4 after discussion in RAN4.

· For aperiodic CSI reporting

· Working assumption for Alt a:

· Alt a: For CSI reporting instance at subframe n, UE shall report CSI feedback based on the subset containing the CQI reference resource

· As noted above, the case of the CQI reference resource not being contained in either of the configured subsets is FFS subject to feedback from RAN4 after discussion in RAN4
· Alt b: Follow same approach as for CA - confirm details after aperiodic CSI triggering decision for CA

· For periodic CSI reporting

· Explicit RRC configuration links each CSI feedback to a configured subset

This contribution provides our view on the remaining details of CSI reporting.

2. CSI measurement
According to the agreement, when the resource-specific CSI measurement is configured, a UE measures at least two CQI each of which targets one of the two subframe. As shown in [2], time-domain interference coordination with two CSI brings forth reasonable performance gain in macro-pico case with cell range expansion. From the perspective of a single UE which is associated with a pico eNB in the expanded area, it is likely to see a single dominant interferer in many cases where the pico eNB is deployed in a hotspot area which is under the coverage of a macro eNB. In this case, the two subframe subsets can be configured in such a way that one subset corresponds to the subframes in which the macro eNB configures ABS and the other subset corresponds to the subframes in which the macro eNB performs normal DL transmission operation (note that this was the assumption in [2]). As the subframe subset configuration is UE-specific, a UE seeing a different dominant interferer can receive a different subset configuration which targets its own dominant interferer.

It is also possible for a single UE to see multiple dominant interferers when a pico eNB is deployed in an area close to the cell boundary of multiple macro eNBs. In this case, the ABS pattern of the dominant interferers can be synchronized in order for the victim UEs to be free from any dominant interference (e.g., for the reliability of PDCCH detection). Then, the multiple dominant interferers are seen as a “virtual” single dominant interferer by the victim UEs, and the two subsets are enough to handle the interference fluctuation. Even when multiple dominant interferers use different ABS patterns, the deviation among the CQI at each subframe can be handled to some extent with the two subframe subsets. In other words, by a proper subset configuration, the UE can report the CSI for the first and second best time-domain resources. For example, if the level of dominant interference is similar to each other, the configuration can be done in such a way that one subset corresponds to the subframes in which all the interferers configure ABS and the other subset corresponds to the subframes in which all the interferers other than the weakest one configure ABS.
Given that two subframe subsets can be configured to a UE, reporting of the third CQI, which targets a subframe not in either of the two subsets, requires an additional UE implementation which is different from the implementation for the two CQI targeting the two subframe subsets. The UE cannot apply any inter-subframe averaging for interference estimation for a subframe in the “complementary subset,” because no consistency of inter-cell interference is guaranteed across the subframes in the complementary subset. In addition, due to the absence of inter-subframe averaging in the interference estimation, the accuracy of the third CQI is not clear at this stage. Therefore, considering the effectiveness and impact on UE complexity, we propose to confirm the baseline on the CSI measurement.
Proposal 1: The baseline on the CSI measurement is confirmed, i.e., UE only reports CSI for each configured subframe subset.
3. Periodic CSI reporting
In case of periodic CSI reporting, each CSI feedback configuration is explicitly linked to one of the two configured CSI measurement subframe subsets. UE reports the CSI corresponding to the linked subframe subset. This UE behavior requires a modification of the definition of the CQI reference resource in TS36.213. Currently, the CQI reference resource for periodic reporting is defined as follows:

· In the time domain, the CQI reference resource is defined by a single downlink subframe n-nCQI_ref,
where for periodic CQI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;
with the definition of a valid downlink subframe is given by

A downlink subframe shall be considered to be valid if:
· it is configured as a downlink subframe for that UE, and
· except for transmission mode 9, it is not an MBSFN subframe, and

· it does not contain a DwPTS field in case the length of DwPTS is 
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 and less, and
· it does not fall within a configured measurement gap for that UE.
Under the current definition, it is possible that the latest valid downlink subframe which appears before subframe (n-3) is not in the CSI measurement subframe subset which the periodic reporting in subframe n is targeting. Figure 1(a) shows such an example in FDD case. Here, all the even-numbered subframes are configured as CSI measurement subset 0 and all the odd-numbered subframes are configured as CSI measurement subframe set 1. All the DL subframes are assumed to be valid. In addition, CSI feedback with period of 5 ms is configured and this feedback is linked to CSI measurement subset 1. According to the current definition, the CQI reference resource in UL subframe 5 is DL subframe 1 which is in the subset 1 while that in UL subframe 0 is DL subframe 6 which is in the subset 0. Therefore, unless the current definition is changed, the subframes within a single feedback configuration linked to a single CSI measurement subset may not have CQI reference resource with consistent interference. 
In order to prevent this malfunction, it is necessary to modify the definition of the CQI reference resource such that it always falls within the targeting CSI measurement subframe subset. For example, as shown in Figure 1(b), the CQI reference resource can be defined as the latest valid subframe in the targeting CSI measurement subframe subset which appears before subframe (n-3).
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Figure 1. Examples of periodic CSI reporting for two CSI measurement subframes with (a) the current CQI reference resource definition and (b) a modified definition of the CQI reference resource.
One issue in periodic reporting is how to handle the collision between two feedback configurations. When RI collides with PMI/CQI, it is clear that RI should have higher priority as did in Rel-8. When the same feedback contents collide, it is our proposal is to give higher priority to the configuration with longer period in order not to deprive it of the transmission opportunity. One possible feedback configuration is given in Figure 2 where configuration 1 has 5 ms period while configuration 2 has 20 ms period. By this property, eNB becomes able to control the period of each feedback configuration in consideration of the number of subframes and the scheduling frequency in each CSI subframe subset.
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Figure 2. An example of the feedback collision handling.
Proposal 2: In periodic reporting, the collision between two PMI/CQI feedback is handled such that the one with a shorter period is dropped.
4. Aperiodic CSI reporting
In case of aperiodic CSI reporting, differently from the periodic case, a solution needs to be provided to indicate which CSI should be reported in the triggered aperiodic reporting instance. Two alternatives were discussed in RAN1#63 for this issue.
From the scheduler flexibility point of view, we think that triggering aperiodic CSI reporting request needs to be as unrestricted as possible. According to the agreement in [3], it is expected that the ABS bitmap pattern is updated at the maximum rate of once per tens of milliseconds. So, in some cases, it would be beneficial to configure a CSI measurement subframe subset such that it includes only a relatively static part of ABS (or non-ABS) patterns as an effort to reduce RRC signaling overhead and keep a longer measurement interval similarly to the restricted RLM/RRM case. Comparing Figure 3 to Figure 1, only one HARQ process is configured for each measurement subframe subset. Thus, we need to consider the case where only a few subframes are included in each of the two CSI measurement subsets, which means that many subframes belong to the complementary subset. In this case, it is too restrictive and seems undesirable (e.g., PDCCH load can be abruptly increased in those subframes) if eNB is able to trigger CSI reporting only for the subset which includes the DL subframe containing the triggering message. Note that triggering aperiodic CSI reporting becomes impossible in the complementary subset if RAN1 confirms the baseline that the UE only reports CSI for each configured subframe subset but the UE reports the CSI targeting the DL subframe with the triggering message as proposed in [4].
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Figure 3. An example of triggering aperiodic CSI reporting when eNB is able to trigger CSI reporting only for the subset which includes the DL subframe containing the triggering message.
Based on the above discussion, we suggest that the flexibility of the CQI request placement should be supported in aperiodic CSI reporting. Two options can be considered in relation to the two alternatives discussed in the last meeting.
First, as a detailed form of Alt b “Follow same approach as for CA - confirm details after aperiodic CSI triggering decision for CA,” we can consider an option of embedding an indicator in PDCCH which triggers aperiodic reporting. In the issue of aperiodic CSI reporting in CA, it was agreed that 1 bit is added to DCI format 0 and 4 in the UE-specific search space to indicate which CSI should be reported. Considering the analogy between CA and time-domain eICIC that there is multiplicity in the CSI measurement, we can simply apply the same principle to the time-domain eICIC as well. In other words, when two CSI measurement subframe subsets are configured to a UE, 1 bit is added to DCI format 0 and 4 in the UE-specific search space and two additional states are defined in CQI request field for the indication of the targeting CSI measurement subframe subset. Figure 4 shows an example of aperiodic CSI reporting with this option.
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Figure 4. An example of triggering aperiodic CSI reporting with one bit is added to PDCCH.
Second, as a detailed form of Alt a “For CSI reporting instance at subframe n, UE shall report CSI feedback based on the subset containing the CQI reference resource,” we can consider another option of modifying the definition of the CQI reference resource such that it corresponds to either of the two CSI measurement subframe subsets even in case of triggering aperiodic report in the complementary subset. To be specific, the CQI reference resource can be defined as the latest valid subframe in any of the two CSI measurement subframe subsets which appears before subframe (n-3) as shown in Figure 5. It is noteworthy that this CQI reference resource definition is analogous to that of the periodic reporting discussed in Section 3 in the sense that only a part of subframes are taken into account (the others are bypassed) and the one closest to the triggering subframe is selected. In periodic case, the considered subframes are those in the linked CSI measurement subset, and, in aperiodic case, the considered subframes are those in either of the two configured CSI measurement subframe subsets.
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Figure 5. An example of triggering aperiodic CSI reporting with refining the definition of the CQI reference resource.
Our proposal for aperiodic reporting can be summarized as follows:

Proposal 3: In aperiodic reporting, the flexibility of the CQI request placement needs to be supported. The following two options can be considered:

Option 1: 1 bit is added to DCI format 0 and 4 in UE-specific search space so that eNB can indicate which CSI is reported.

Option 2: UE reports the CQI targeting the subframe set which is closest to the DL subframe in which CQI request is transmitted.
5. Conclusion
We discussed in this contribution about the remaining details of CSI reporting in time-domain eICIC. The following proposals were made based on the discussion.
Proposal 1: The baseline on the CSI measurement is confirmed, i.e., UE only reports CSI for each configured subframe subset.
Proposal 2: In periodic reporting, the collision between two PMI/CQI feedback is handled such that the one with a shorter period is dropped.
Proposal 3: In aperiodic reporting, the flexibility of the CQI request placement needs to be supported. The following two options can be considered:
Option 1: 1 bit is added to DCI format 0 and 4 in UE-specific search space so that eNB can indicate which CSI is reported.
Option 2: UE reports the CQI targeting the subframe set which is closest to the DL subframe in which CQI request is transmitted.
In order to implement the above proposals, it is necessary to modify the definition of the CQI reference resource.
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