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1 Introduction

Some remaining issues on CSI reporting include:

a) The periodic CSI (P-CSI) reporting in case a UE does not receive 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.
b) Whether the P-CSI reporting mode can be independently configured for each of the two CSI subframe sets.
c) UCI payload limitation issues
The fallback operation for the UE was discussed over the email reflector under email discussion “[76-05] CSI feedback during fallback for TDD eIMTA” and the following working assumption was reached:

· 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 DCI format 1C with a configured eIMTA-RNTI, 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 DCI format 1C with a configured eIMTA-RNTI, the DL and special subframes according to the SIB-1 UL-DL configuration in the radio frame can be valid CSI reference resources
· FFS if the eIMTA UE can omit reporting the periodic CSI or report OOR under certain conditions, and the corresponding conditions are also FFS
The statements in the first two sub-bullets have actually been agreed for TM 1-9 and there is no apparent reason they need not be for TM10. Therefore, only the third sub-bullet is subsequently discussed. 
Moreover, further consideration is needed on whether it is preferable to always have the same P-CSI reporting mode for both subframe sets or allow a network to independently configure each P-CSI reporting mode. Further, some issues regarding the ability to support P-CSI transmissions in eIMTA, together with some issues regarding existing limitations in supportable UCI payloads are discussed.   
2 P-CSI Reporting Aspects
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c) Reporting an outdated P-CSI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).

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 1: 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.   

Independent Configuration of P-CSI Reporting Mode for each Set of Subframes

Motivations for having an independent configuration of P-CSI reporting mode for each subframe set include to avoid redundancies in the two P-CSI reports and to better utilize supportable payloads. For example, PMI does not need to be included in the P-CSI report for the second subframe set and the P-CSI report mode can be set to 1-0 or 2-0 to provide only wideband CQI or both wideband CQI and sub-band CQI. The latter can be beneficial to provide fast interference estimation for eIMTA, before a next TDD UL-DL configuration becomes effective without the eNB relying on A-CSI for the second sub-frame set (which, typically, cannot provide an earlier report and cannot be available for all UEs). 

Proposal 2: A network can independently configure the P-CSI reporting mode for each of the two subframe sets.   

Issues with P-CSI Reporting and DL-reference TDD UL-DL Configuration 5
eIMTA creates likely operating conditions that were previously deemed as “corner cases” such as UL HARQ-ACK transmissions for TDD UL-DL configuration 5. A UE configured with CA can support only up to two cells when configured with DL-reference TDD UL-DL configuration 5. Unlike CA, the restriction for supporting up to 2 cells is not related to the actual TDD UL-DL configuration. This is an undesirable restriction considering that DL CA with 3 cells is already becoming reality and even more cells are envisioned in the near future in conjunction with small cell deployments in high frequency bands. Moreover, especially due to supporting two P-CSI reports in eIMTA, a UE having HARQ-ACK transmission will practically always multiplex HARQ-ACK and P-CSI in PUCCH Format 3. Some issues with using TDD UL-DL configuration 5 include:

a) For single cell operation, HARQ-ACK spatial-domain bundling and dual RM coding are always used 
b) For CA, it is not possible to support P-CSI reporting (and HARQ-ACK spatial-domain bundling and dual RM coding are always used)
The above provide strong motivation for the introduction of a PUCCH Format with higher capacity than the existing one of 22 bits. Similar issues can exist when TDD UL-DL configuration 2 or 4 are the DL reference configurations in case of 4-5 configured cells for CA. Although the above issues cannot probably resolved in the Rel-12 timeline, it is an issue that deserves further consideration in a next release.

Observation: eIMTA can benefit in throughput and scope of applicability by enabling UCI payloads larger than 22 bits to be multiplexed in a PUCCH Format. 
3 Conclusions

This contribution considered remaining issues on P-CSI reporting for eIMTA and proposes the following.
Proposal 1: 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.   

Proposal 2: A network can independently configure the P-CSI reporting mode for each of the two subframe sets.   

In addition, the following observation is made

Observation: eIMTA can benefit in throughput and scope of applicability by enabling UCI payloads larger than 22 bits to be multiplexed in a PUCCH Format. 
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