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1 Introduction

In this paper, we further discuss the use cases and the fallback solution when UE misses the TDD UL-DL configuration indication. 
2 Discussion 
2.1 Use case of fallback solution
Actual TDD UL-DL configuration indication was agreed to be transmitted through L1 signalling. When the UE mis-detects the PDCCH carrying TDD UL-DL configuration indication or when the UE wakes up from DRX inactive state and before it re-acquires new TDD UL-DL configuration indication, it may happen that the UE has different understanding on the TDD UL-DL configuration from the system’s configuration. Thus, the PDCCH where the eNB expects the UE to detect and the PDCCH the UE really detects may not be aligned. We name it as an ambiguity period.
Case 1: UE mis-detects the PDCCH carrying TDD UL-DL configuration indication
UE may mis-detect the PDCCH carrying TDD UL-DL configuration indication when the link quality is not good enough. We demonstrate an example in Figure 1. Assume the TDD UL-DL configuration indication is sent per radio frame to indicate the TDD UL-DL configuration for the next radio frame. A UE mis-detects the PDCCH carrying TDD UL-DL configuration indication in SFN n+1. Consequently, the UE has different understanding on the TDD UL-DL configuration from the eNB’s actual operation in SFN n+2, which is an ambiguity period. The TDD UL-DL configuration in UE and eNB will be again aligned when the UE successfully detects the next TDD UL-DL configuration indication and the TDD UL-DL configuration is applied, e.g., SFN n+3 in Figure 1. 
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Figure 1: An example of ambiguity period for PDCCH mis-detection
Case 2: UE wakes up from DRX inactive state and before it re-acquires TDD UL-DL configuration
In the current specification, when in RRC_CONNECTED, if DRX is configured, the UE is allowed to monitor the PDCCH discontinuously [1]. The UE may stop PDCCH monitoring in the inactive state. Therefore, network can’t expect UE to monitor PDCCH to obtain the actual TDD UL-DL configuration in UE’s inactive state. When a UE enters inactive state and stops monitoring TDD UL-DL configuration indicated in PDCCH and if the eNB changes its TDD UL-DL configuration during the period, the UE may have different understanding on the TDD UL-DL configuration from eNB’s when returning to active state and before re-acquiring the TDD UL-DL configuration. Figure 2 illustrates an example. The UE stops PDCCH detection in inactive state and the eNB changes the actual TDD UL-DL configuration in the UE’s inactive period. When the UE wakes up from DRX inactive state, it does not know the actual TDD UL-DL configuration. Thus, the PDCCH where the eNB expects the UE to detect and the PDCCH the UE really detects may not be aligned in this ambiguity period. The understanding of TDD UL-DL configuration between UE and eNB might be aligned again after the PDCCH with new TDD UL-DL configuration is detected and applied. 
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Figure 2: An example of ambiguity period for PDCCH detection after UE wakes up from inactive state

To avoid the ambiguity, a pre-defined rule for UE’s PDCCH detection should be applied in the ambiguity period so that eNB can schedule the UE of DL transmission or UL grant in those subframes where the UE performs PDCCH detection.   

Observation 1: There are two use cases which fallback solution on missing TDD UL-DL configuration should be applied. 

2.2 Fallback solution on missing TDD UL-DL configuration
To solve the misaligned PDCCH detection in the ambiguity period, several options are listed. 

Option 1: In the ambiguity period, PDCCH detection is performed on DL and Special Subframe of TDD UL-DL configuration in SIB1 

The UE can follow the TDD UL-DL configuration indicated in SIB1 to perform PDCCH detection in the ambiguity period. The option is simple and straightforward. However, since the TDD UL-DL configuration in SIB1 should be with the most schedulable UL subframes, it limits the scheduling opportunity for the eIMTA capable UE. 

Option 2: In the ambiguity period, PDCCH detection is performed on DL and Special Subframe of the DL HARQ reference configuration except for those subframes the UE has been scheduled for UL transmission 

The UE can perform PDCCH detection according to the DL HARQ reference configuration in the ambiguity period except for those DL subframes the UE has been scheduled for UL transmission. DL reference configuration should be with most schedulable DL subframes so that the scheduling opportunity for the eIMTA UE won’t be limited. However, the UE may need to detect more PDCCH than the PDCCH which actually occur.  

Option 3: In the ambiguity period, PDCCH detection is performed on DL and Special Subframe of the previous detected TDD UL-DL configuration 

UE can perform PDCCH detection according to its previous detected TDD UL-DL configuration. For case 1, a UE may know its mis-detection on TDD configuration indication if the indication is signaled in a pre-defined subframe. Then the UE follows its successfully detected TDD UL-DL configuration in the previous modification period. For the case 2, the UE can follow the TDD UL-DL configuration it acquires before entering inactive state to perform PDCCH detection. In this way, the eNB needs to record the TDD UL-DL configuration of the UE before entering inactive state and schedule the UE with the TDD UL-DL configuration after it wakes up. 

Observation 2: A pre-defined rule for UE’s PDCCH detection should be applied in the ambiguity period. 

Among these options, Option 1 limits the scheduling opportunity of eIMTA UE; Option 3 may cause confusion since the network does not know which TDD UL-DL configuration indication the UE has successfully detected. Thus, we propose to adopt Option 2 as the fallback solution in the ambiguity period since UE would not miss its scheduling and no extra effort in the network side is required. 

Proposal: In the ambiguity period, PDCCH detection is performed on DL and Special Subframe of the DL HARQ reference configuration except for those subframes the UE has been scheduled for UL transmission. 

3 Conclusions
In this contribution, we discussed the scenarios where UE may miss TDD UL-DL configuration and the fallback solutions are proposed for discussion and decision. 

Observation 1: There are two use cases which fallback solution on missing TDD UL-DL configuration should be applied. 

· Case 1: UE mis-detects the PDCCH carrying TDD UL-DL configuration indication
· Case 2: UE wakes up from DRX inactive state and before it re-acquires TDD UL-DL configuration
Observation 2: A pre-defined rule for UE’s PDCCH detection should be applied in the ambiguity period. 

· Option 1: In the ambiguity period, PDCCH detection is performed on DL and Special Subframe of TDD UL-DL configuration in SIB1 

· Option 2: In the ambiguity period, PDCCH detection is performed on DL and Special Subframe of the DL HARQ reference configuration except for those subframes the UE has been scheduled for UL transmission 

· Option 3: In the ambiguity period, PDCCH detection is performed on DL and Special Subframe of the previous detected TDD UL-DL configuration 
Proposal: In the ambiguity period, PDCCH detection is performed on DL and Special Subframe of the DL HARQ reference configuration except for those subframes the UE has been scheduled for UL transmission. 
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