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1 Introduction

At RAN1#72bis, it was agreed to focus further study on explicit or implicit signaling on MAC or physical layer. Explicit signaling suffers from an inherit problem of misdetection and error propagation on top of additional overhead. In this paper we discuss the need of aiding explicit signaling to compliment an implicit signaling [1] in order to provide additional flexibility and functionality to the system. 
2 Discussion
Explicit signaling needs to be designed to fullfill very strong missdetection probabilities. If the terminal miss to detect the signaling subsequent scheduling and data transmissions may be lost. The error protection needed depends on how many subsequent subframes that are dependent on the signaled configuration. 
Uplink scheduling risk to be fully lost if the uplink scheduling timing is dependent on explicit signaling. The UE will then monitor PDCCH for uplink grants in subframes where the base station does not schedule uplink, and also when detecting an uplink DCI map it to the wrong subframe, causing either uplink or downlink interference. 
Downlink scheduling is better protected than the uplink since the data is always transmitted in the same subframe as the control. HARQ feedbak may however be maped to the wrong subframe, causing both interference and missdetection problems in the base station. The UE may also refrain from monitoring (E)PDCCH in subframes actually used for downlink scheduling. Moreover, the transmission reliability by HARQ is corrupted also for fixed downlink subframes.
2.1 On the need of aiding signaling
The main problem with explicit signalling is the uplink scheduling timing explained above. This problem is however easily avoided by letting the uplink scheduling timing be independent from the explicit signalling, following a (semi) static reference. This way any missed signalling will not impact the uplink performance. 
Proposal 1 The uplink scheduling timing shall follow a reference configuration
HARQ feedback mapping errors may also increase error probabilities not only for the UE but also others due to interference. This could also be avoided by letting the HARQ feedback mapping and coding depend on a (semi) static reference configuration. This way the performance of fixed subframes is maintained. 
Proposal 2 The PDSCH HARQ feedback coding and timing shall follow a reference configuration. 

Observation 1: Independently of implicit or explicit signaling uplink scheduling timing as well as PDSCH HARQ feedback coding and timing shall follow a reference configuration
The implication with implicit signalling is that non-scheduled UEs cannot know if a flexible subframe is used for uplink or downlink. This has the effect that CSI estimation may be conducted in “uplink” subframe, if only interference estimation is done this has not been seen be a problem, even if the measurement will also be contaminated with some UE-to-UE interference. It is noted that this only happens when the cell has uplink data with higher priority and hence it will not use the flexible subframes as downlink. It is also obvious that the eNodeB is aware of this and can take it into account in its link adaptation decision. Explicit signalling could in this case be used to inform the UE about valid subframes for CSI measurements to lower the number of impacted measurements. The error cases in case of false detection would in this case only result in somewhat less accurate CSI measurements, and not missed scheduling opportunities. The performance difference between the infrequent errors with implicit signalling and the errors due to misdetection depend on the error-protection on the explicit signalling, and hence the overhead.
Observation 2: Explicit signalling could be introduced to aid the UE in deriving valid subframes for CSI estimation if need can be shown
To monitor PDCCH has been raised as another drawback with implicit signalling in [2], it is shown that this would only have marginal impact on the UE power consumption. With explicit signalling these subframes could be avoided but with an inherited decreased latency in the adaptation. If such monitoring for some reason, other than power consumption, is deemed a problem explicit signalling could be used to inform the UE about PDCCH monitoring subsets. This should then also be applicable to other situations where no PDCCH monitoring is needed such as ABS and other coordination schemes. 
In this case would a false detection of the signalling result in missed scheduling assignments, but a missed signalling could be interpreted as a signalling to monitor all possible downlink subframes, and hence not cause any losses other than a few additional PDCCH monitoring subframes. It can hence be seen that false detection is worse that misdetection; this should be taken into account in the signalling design. 
Observation 3: If an explicit signaling message is missed by the UE downlink scheduling should still be possible in all downlink and flexible subframes
It can also be noted that with the improved user bitrates the energy consumption needed for a file transfer can actually decrease substantially [2]. With some DRX enhancement described in [1], we may also improve the sleep mode operation compared to the reference case, further decreasing the power consumption. 

3 Conclusion

In this contribution we show how explicit signaling can be used as a compliment to implicit signaling to aid the UE in CSI estimation, and potential to save UE battery, however if energy saving features are introduced also similar cases with other features such as ABS should be considered. 
Based on the discussion we make the following proposals: 

Proposal 3 The uplink scheduling timing shall follow a reference configuration
Proposal 4 The PDSCH HARQ feedback coding and timing shall follow a reference configuration. 

We also observe that:
Observation 1: Independently of implicit or explicit signaling uplink scheduling timing as well as PDSCH HARQ feedback coding and timing shall follow a reference configuration
Observation 2: Explicit signalling could be introduced to aid the UE in deriving valid subframes for CSI estimation if need can be shown
Observation 3: If an explicit signaling message is missed by the UE downlink scheduling should still be possible in all downlink and flexible subframes
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