
3GPP TSG RAN WG1 Meeting #77  
R1-142534
Seoul, Korea, 19th May – 23rd May 2014
Source: 
Ericsson 

Title:  
Remaining issues on CSI feedback for eIMTA
Agenda Item:
6.2.1.1
Document for:
Discussion, Decision

1 Introduction
One of the remaining issues for eIMTA is CSI reference resource definition which was discussed on the email reflector and at RAN1 #76bis as well.

For periodic CSI reporting, the following working assumption was agreed [1]
· For UEs configured with eIMTA, for periodic CSI report in subframe n, the corresponding CSI reference resource is determined by the existing definition for TM 1 – 10 (in TS36.213 section 7.2.3), with the following additions: 

· If the eIMTA UE receives a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the indicated UL-DL configuration in the radio frame can be valid CSI reference resources

· If the eIMTA UE does not receive a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the SIB-1 UL-DL configuration in the radio frame can be valid CSI reference resources

For aperiodic CSI reporting, the two alternatives are discussed without any agreement [2]
· For TM 1 – 9 and eIMTA, decide on one of the following two approaches for the CSI reference resource for aperiodic CSI in the next RAN1 meetings:

· Alt 1: The CSI reference resource is the valid DL subframe in the latest subframe no later than subframe n–4 and corresponding to the triggered CSI subframe set, where the aperiodic CSI is reported in subframe n

· Alt 2: The CSI reference resource is the valid DL subframe in the latest subframe no later than subframe n-4 and no earlier than the subframe containing the aperiodic CSI trigger, and corresponding to the triggered CSI subframe set, where the aperiodic CSI is reported in subframe n
In this contribution, we share our views on the CSI reference resource definition for eIMTA. In additional, we discussed the CSI feedback when the UE does not detect L1 reconfiguration signalling.
2 Discussion
2.1 CSI reference resource definition
In current specification, CQI is derived based on the CSI reference resource occupying a group of downlink physical resource blocks in frequency and time domain. In frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI values relates. In time domain, the CSI reference resource is defined by a single downlink subframe n-nCQI_ref which corresponds to the latest valid DL subframe satisfying certain conditions, e.g. for a UE configured in transmission mode 1-9, the CSI reference resource for periodic CSI reporting is defined as the latest valid downlink subframe no later than subframe n-4. 
In eIMTA, the flexible subframes can be accounted as valid downlink subframes so that CSI reporting can be performed for these subframes. At the same time, the TDD UL-DL configuration changes dynamically over time with the L1 reconfiguration signalling. Consequently, the CSI reference resource should also be changed dynamically with the L1 reconfiguration signalling since a UE could not know beforehand which subframe is the latest valid downlink subframe for CSI reporting. 
During the discussion, some concerns have been raised that this will lead to additional complexity to UE for CSI measurement [3]. However, it should be clarified that the complexity of CSI computation actually does not increase since it is only affected by how often the CSI is requested. On the other hand, a UE configured with TM 1-9 will anyway have to support CRS based PDSCH transmission in every non-DRX DL subframes if it is scheduled in each of the non-DRX DL subframes. From this point of view, interference estimation anyway has to be done for data demodulation, which implies the maximum required computation complexity does not increase. It should also be clarified that the CSI reference resource definition does not impose any restrictions to UE implementation as long as the performance requirements specified by RAN4 is satisfied.
Note that the above analysis holds for both periodic and aperiodic CSI reporting and in line with the working assumption for periodic CSI reporting [1]. Therefore we propose to confirm the working assumption.
Proposal 1: Confirm the following working assumption for period CSI reporting 

· For UEs configured with eIMTA, for periodic CSI report in subframe n, the corresponding CSI reference resource is determined by the existing definition for TM 1 – 10 (in TS36.213 section 7.2.3), with the following additions: 

· If the eIMTA UE receives a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the indicated UL-DL configuration in the radio frame can be valid CSI reference resources

· If the eIMTA UE does not receive a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the SIB-1 UL-DL configuration in the radio frame can be valid CSI reference resources

For aperiodic CSI reporting, Alt 1 in [2] basically follows similar definition of CSI reference resource for periodic CSI reporting and it may appear earlier than the subframe in which the CSI is triggered. For Alt 2, there are some restrictions that aperiodic CSI reporting cannot be done in certain subframes since no valid downlink suframe can be found [4]. Such restrictions is not desirable since this not only poses some limitations to the eNB scheduler that the aperiodic CSI reporting cannot be triggered in several subframes but also brings in CQI delay which consequently degrades the performance of link adaptation.  
Proposal 2: For a UE configured in TM 1-9, the CSI reference resource for aperiodic CSI reporting is defined as a valid DL subframe in the latest subframe no later than subframe n–4 and corresponding to the triggered CSI subframe set, where the aperiodic CSI is reported in subframe n.
2.2 CSI feedback during fallback
Another remaing issue is how to report CSI when the UE does not detect L1 signlaling converying a valid UL-DL configuration. In this case, the UE does not know which is the latest valid downlink subframe due to the dynamic changing of the UL-DL configuration. Therefore, there could be some misunderstanding between the UE and eNB on the assumption of the CSI reference resources. This should be avoided since the specification targets common understanding between the eNB and the UE. Moreover, the eNB has no idea whether the reconfiguration has been corrected received or not, there is no way for the eNB know what is assumed at the UE. 
One alternative is to leave the UE behavior undefined. However, this not preferred since there is no error protection in CSI feedback. Another alternative is that the UE could report an out of range (OOR) value so that the eNB could know that explict L1 signaling was missed at the UE. Since there is no OOR for RI/PMI feedback. OOR is only valid for CQI feedback. However this may not be a big problem since the RI/PMI has a long periodicity than CQI.
Proposal 3: Report OOR for CQI feedback when the UE does not detect L1 signlaling conveying a valid UL-DL configuration.
3 Conclusion

In this contribution we discussed the remaining issues on CSI feedback for eIMTA. Based on the discussion, we have the following proposals:
Proposal 1: Confirm the following working assumption for period CSI reporting 

· For UEs configured with eIMTA, for periodic CSI report in subframe n, the corresponding CSI reference resource is determined by the existing definition for TM 1 – 10 (in TS36.213 section 7.2.3), with the following additions: 

· If the eIMTA UE receives a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the indicated UL-DL configuration in the radio frame can be valid CSI reference resources

· If the eIMTA UE does not receive a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the SIB-1 UL-DL configuration in the radio frame can be valid CSI reference resources

Proposal 2: For a UE configured in TM 1-9, the CSI reference resource for aperiodic CSI reporting is defined as a valid DL subframe in the latest subframe no later than subframe n–4 and corresponding to the triggered CSI subframe set, where the aperiodic CSI is reported in subframe n.
Proposal 3: Report OOR for CQI feedback when the UE does not detect L1 signaling conveying a valid UL-DL configuration.
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