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1 Introduction

Some remaining issues on CSI reporting include:

a) Whether for TM 1-9 and A-CSI reported on subframe n, a valid DL subframe corresponding to the triggered CSI subframe set is either the latest subframe that is no later than subframe n-4 or the latest subframe that is no later than subframe n-4 and no earlier than the subframe containing the A-CSI trigger. 
b) The CSI reporting in case a UE does not detect a valid TDD UL-DL reconfiguration in a set of subframes the UE is configured to monitor PDCCH for the DCI format 1C with a configured eIMTA-RNTI.
a. A related issue is the CSI reporting from a UE after exiting the DRX state.

This contribution discusses the above outstanding issues on CSI reporting from a UE configured with eIMTA operation. 

2 Outstanding Issues on CSI Reporting
CSI reference subframe for A-CSI triggering
If for TM 1-9 a valid DL subframe for the triggered CSI subframe set for A-CSI reporting in subframe n is the latest subframe that is no later than subframe n-4, there is no restriction in the DL subframes for which A-CSI can be reported. The trade-off is the additional complexity as a UE needs to perform measurements in subframes before the A-CSI triggering. However, this is already the case for TM9 where a UE needs to perform measurements based on CSI-RS prior to the subframe where an A-CSI report is triggered. Moreover, as shown in [1], the additional UE complexity is marginal as samples for at most two flexible subframes per frame need to be stored (this can also depend on the implementation). Additionally, a UE may anyway store samples for interference averaging prior to the A-CSI triggering subframe. Moreover, having the CSI reference resource occur prior to the A-CSI triggering subframe is already the case for TM10 and multiple CSI processes.
The alternative of also imposing a restriction that a valid DL subframe should also be no earlier than the subframe of A-CSI triggering avoids having the UE perform measurements prior to the subframe where A-CSI is triggered but, as analyzed in [2], this restriction results in many subframes for which CSI cannot be triggered. This is particularly important as, due to the semi-static configuration of CSI subframe sets and the more dynamic adaptation of a TDD UL-DL configuration, the capability should be provided to trigger A-CSI per single DL subframe (i.e. to have each “DL flexible” subframe potentially be a single reference subframe for A-CSI computation). This is because although a subframe can be in the second CSI set of subframes (intended to capture UL-dominant interference), the interference in the subframe can be DL-dominant. Also, as noted in [2, 3], according to the UL scheduling timing defined in TS36.213, A-CSI can be reported only for subframes {3,8,9} and subframes {0,1,5,6} can never been reported for SIB-1 UL-DL configuration {#2,#4,#5}. Moreover, as mentioned in [3], when the legacy configuration is 0 or 6 and the adapted configuration is {#3,#4,#5} (a likely operating scenario), the reference resource can only be subframes 5-9 which may not be subject to UL-dominant interference.  
In summary, the restriction that a valid DL subframe should be no earlier than the subframe of A-CSI triggering directly jeopardizes the throughout gains of eIMTA as A-CSI for “DL flexible” SFs experiencing UL-dominant interference may often not be possible to report. 

Proposal 1: For TM 1-9 and A-CSI reporting of a CSI subframe set in subframe n, the CSI reference resource includes the valid DL subframes no later than subframe n-4.   

Fallback Operation
For fallback operation, four main options have been proposed:

a) Dropping the P-CSI report for the second set of subframes
b) Reporting OOR for the CQI of the second CSI report
c) Reporting an outdated P-CSI

d) Leaving the UE behavior unspecified

Dropping the P-CSI report is not a viable option for several reasons. A first reason is that a P-CSI transmission can coincide with a PUSCH transmission and then it is not possible for the eNB to detect that the UE did not transmit P-CSI (similar to an eNB not implementing PUCCH Format 2 DTX detection). For example, as TDD DL-UL configuration 5 is a likely DL reference configuration, UEs with SPS PUSCH will be transmitting both P-CSI and SPS PUSCH in SF#2. Even if PUCCH Format 2 DTX detection is supported by an eNB, the eNB cannot infer anything regarding whether the UE missed the DCI Format 1C with the configured eIMTA-RNTI from a P-CSI DTX detection as there is always the possibility of an incorrect one (the false alarm rate defined in TS 36.104 is 10%). A second reason is that PUCCH Format 2 DTX detection is an optional feature for an eNB and although a UE will not be receiving PDSCHs in DL “flexible” SFs when it operates under the fallback TDD UL-DL configuration, an eNB typically averages P-CSI reports and receiving random ones (due to absence of DTX detection when P-CSI is dropped by the UE) is clearly detrimental. 

Reporting OOR for the CQI of the second CSI report is a viable option. This is a valid entry the UE can always select for reporting, it requires no additional complexity, and the specification impact is negligible. One reason cited against reporting OOR is that the eNB cannot infer that the UE missed the DCI format 1C with the configured eIMTA-RNTI from that CQI value. However, this is not correct as the CQI for the second subframe set is intended to capture UL interference and therefore an OOR value is highly unlikely. Moreover, given that the CQI for the first CSI report is never larger than the CQI for the second CSI report, a CQI value other than OOR for the first CSI report definitively indicates that the UE missed the DCI format 1C with the configured eIMTA-RNTI when the CQI value of the second CSI report is OOR. Another reason cited was that the second P-CSI may not convey CQI. This is also incorrect if the same P-CSI reporting mode applies for both P-CSIs and, even if it does not, the second P-CSI is most likely to have only CQI instead of only PMI (the PMI should be same in both P-CSI reports as only the interference is different in the two sets of subframes). Therefore, reporting OOR for the CQI in the second P-CSI report can provide value to the eNB in knowing that the UE missed the DCI format 1C with the configured eIMTA-RNTI. Although this is an unlikely event, it cannot be completely neglected (e.g. in non-AWGN environments or due to a fast fade) and the cost-benefit tradeoff is clearly in favor of providing an indication to the eNB (basically, the benefit is typically small but the cost is negligible). 
Reporting an outdated P-CSI is also not a viable option, at least because it provides no value and it can actually be detrimental as eNBs typically average P-CSI reports (it is effectively an almost random P-CSI). 

Leaving the UE behavior unspecified is not preferable (e.g. the UE may choose to not transmit the second P-CSI or report an outdated/random P-CSI which will degrade eNB scheduling accuracy).

A similar situation as for fallback operation occurs when a UE configured with eIMTA operation is exiting the DRX state and prior to detecting the DCI Format 1C with eIMTA-RNTI. This is not an infrequent event and can correspond to a significant percentage of UEs at a given time. One difference relative to the previously discussed scenario is that there is no ambiguity at the eNB regarding the absence of a valid CSI reference resource at the UE for the second CSI report. Possible UE behaviors include reporting OOR as the CQI value for the second CSI report, skipping transmission of the second CSI report, or having an undefined behavior. Another similar situation occurs when the adapted TDD UL-DL configuration is #0. Regardless of whether or not the UE detects the DCI Format 1C with eIMTA-RNTI, the eNB knows that the UE does not have a valid CSI reference resource for the second CSI report. The possible UE behaviors can be same as when the UE is exiting the DRX state prior to detecting the DCI Format 1C with eIMTA-RNTI.  

In conclusion, although reporting OOR for the second CQI value does not provide an overall significant benefit, it is also cost-free. As importantly, it is the only option that avoids degrading eNB scheduling decisions (i.e. it is preferable not only because of its merits but also because other identified alternatives are detrimental).

Proposal 2: If the UE fails to obtain a valid reconfiguration indicator for an adapted TDD UL-DL configuration, it reports OOR for the CQI value in the P-CSI report for the second set of subframes.   

3 Conclusions

This contribution considered remaining issues on CSI reporting for eIMTA and proposes the following.
Proposal 1: For TM 1-9 and A-CSI reporting of a CSI subframe set in subframe n, the CSI reference resource includes the valid DL subframes no later than subframe n-4.   

Proposal 2: If the UE fails to obtain a valid reconfiguration indicator for an adapted TDD UL-DL configuration, it reports OOR for the CQI value in the P-CSI report for the second set of subframes.   
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