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1 Introduction

Most of the discussion on providing CSI for eIMTA focused on the aperiodic CSI for a second set of DL subframes where a DL transmission to a UE experiences UL interference. Some discussion also occurred for aperiodic SRS transmissions for a second set of UL subframes where an UL transmission from a UE experiences DL interference. 
This contribution considers the support of periodic CSI and periodic SRS for the second set of DL/UL subframes.
2 Periodic CSI for Second Set of Subframes
Aperiodic CSI/SRS transmissions require that a UE is scheduled. They also incur an additional delay of at least 4 subframes. Given that an adaptation of a TDD UL-DL configuration can occur as fast as 10 ms or 20 ms, it is likely that a UE can be scheduled PDSCH or PUSCH in significant percentage of the second set of DL or UL subframes without the scheduler being able to perform proper link adaptation. Moreover, as it was extensively analyzed during Rel-10/Rel-11 CA, A-CSI (for a single set of subframes and possibly multiple cells) can result to a significant overhead in PUSCH transmissions that often convey only TCP-ACKs which will further increase in case of eIMTA as TDD UL-DL configuration 5 is a likely DL reference configuration and A-CSI transmission for two (instead of one) set of subframes need to be supported [1].  

A UE can be configured to measure CSI for a second set of subframes where, ideally, DL transmissions in each subframe in the second set of subframes experience same interference is different (e.g. UL) than the interference they experience in each subframe in the first set of subframes. The CSI reporting can be periodic or aperiodic.  
Transmissions for a periodic CSI (P-CSI) for the second set of subframes can be configured as for the first set of subframes. eIMTA UEs are typically low speed UEs and a short P-CSI periodicity is not required. Therefore, even if TDD UL-DL configuration 5 is the DL reference configuration, P-CSI for the first set of subframes can be configured to be transmitted in a first frame and P-CSI for the second set of subframes can be configured to be transmitted in a second frame. In general, P-CSI for the second set of subframes can be supported similar to P-CSI for DL CA. 

Similar to conventional operation, the main motivation for P-CSI over A-CSI is a reduction in overhead particularly as P-CSI is sufficient for PDCCH link adaptation or even for PDSCH link adaptation. In case of eIMTA, an additional motivation for P-CSI for the second set of subframes is that it can be provided with a smaller latency as a UE does not first need to be scheduled a PUSCH transmission to the UE and have an additional delay of at least four subframes. Unlike conventional operation, this is important because as the traffic changes and the TDD UL-DL configuration adapts to the traffic, the UL interference for the second set of subframes (and also for the first set of subframes) also changes.

Therefore, for a UE configured with eIMTA operation, CSI reporting for the two subframe sets should not be limited to A-CSI but should also be supported for P-CSI.

Proposal 1: CSI reporting is supported for both periodic CSI and aperiodic CSI for each subframe set. 

3 SRS Transmissions in eIMTA
Support of SRS transmissions in eIMTA has not been explicitly discussed except for the application of the second UL power control process (associated with the second subframe set) to SRS transmissions.
Aperiodic SRS (A-SRS) transmissions for the second subframe set can be supported as usual by using the A-SRS request field in a DCI format scheduling a PDSCH or a PUSCH. Power control aspects are discussed in [2] and A-SRS transmission power can be as in Rel-10 for the UL power control process of the respective UL subframe. When a A-SRS transmission is triggered, differentiation between the first UL subframe set and the second UL subframe set can in principle follow the same method as for A-CSI triggering for the first DL subframe set or for the second DL subframe set (exact method is currently FFS [3]). 
Periodic SRS (P-SRS) transmissions in both subframe sets should also be supported for the same reasons as for supporting P-CSI transmissions. It has previously been argued that SRS transmissions in the second set of UL subframes are not necessary as the eNB can estimate the interference based on the DMRS of the PUSCH. There are two problems with this assumption. The first problem is that a UE first needs to be scheduled in order for the eNB to estimate the interference and therefore at least the first PUSCH transmission (and possibly additional, already scheduled PUSCH transmissions) cannot use link adaptation. Given that the validity period of a TDD UL-DL configuration is relatively short and that the interference changes due to traffic variations after a reconfiguration, absence of proper link adaptation can affect a significant percentage of UL subframes. 

The second problem is than an eNB may not be able to use an interference estimate from a previous PUSCH transmission, for the same TDD UL-DL configuration validity window, to schedule a subsequent PUSCH transmission in a different part of the UL bandwidth. It is noted that interference can significantly vary in different parts of the bandwidth not only due to short-term scheduling effects (e.g. an eNB transmits with more power to a cell edge UE in first PRB pairs and transmits with less power to a cell interior UE in second PRB pairs) but also due to long-term effects such as using FDM-ICIC. 

Moreover, unlike operation with a semi-static TDD UL-DL configuration, a SRS transmission in the first (second) set of UL subframes can be used for DL link adaptation for the second (first) set of DL subframes as, for one dominant interferer, the first set of UL subframes and the second set of DL subframes experience the same UL interference (and the second set of UL subframes and the first set of UL subframes experience the same DL interference). For example, this is applicable when the dominant interference to a pico cell is from a macro cell. 
Therefore, eIMTA provides a unique opportunity for SRS transmissions to capture DL interference for the first set of DL subframes (SRS transmission in the second set of UL subframes) and for the second set of DL subframes (SRS transmission in the first set of UL subframes) and can allow for a more accurate channel representation than CQI (no need for quantization or only wideband or selected sub-band CQI reporting) and can also reduce reliance on CSI reporting for a reduction in associated UL overhead or multiplexing restrictions. 

Proposal 2: SRS transmission is supported for both periodic SRS and aperiodic SRS for each subframe set. 

4 Conclusions

This contribution considered the need for supporting P-CSI and SRS transmissions in eIMTA. In particular, the following are proposed.
Proposal 1: CSI reporting is supported for both periodic CSI and aperiodic CSI for each subframe set. 

Proposal 2: SRS transmission is supported for both periodic SRS and aperiodic SRS for each subframe set. 
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