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1 Introduction
In RAN2 #83bis, TDD eIMTA had been discussed in RAN2. Agreements regarding TDD eIMTA signaling are listed as follows [1].

	4
The network should know whether a UE supports TDD eIMTA 

5
The network may configure an eIMTA capable UE with eIMTA by means of dedicated signalling. That means, the UE would only follow the eIMTA indication on PDCCH if it has been configured with eIMTA via RRC beforehand. 

5a
As the feature is only for Connect mode any configuration will be provided by means of dedicated signalling (not in SIB). 

FFS what needs to be configured as part of the dedicated configuration (e.g. group RNTI, HARQ timing; power control parameters…). 


From the agreements, a TDD eIMTA capable UE should indicate its eIMTA capability to the network, the network should then signal eIMTA configurations to the UE through RRC signaling, and the UE should obtain the TDD UL-DL configuration through the PDCCH indication. 
In the conventional TDD operation, UE follows the TDD UL-DL configuration signalled in SIB1 to perform the DRX timer counting and PDCCH detection. In TDD eIMTA, since the actual TDD UL-DL configuration and TDD UL-DL configuration in SIB1 may not be the same, new UE behaviours regarding DRX timer counting and PDCCH detection after waking up from inactive state should be discussed. In this paper, we provide our views on these two issues. 
2 Discussion
As discussed and agreed in RAN1, in TDD eIMTA the TDD UL-DL configurations may change frequently, e.g., configuration switch is 10ms most frequently. To support the frequent change of TDD UL-DL configurations, it also agreed that the TDD UL-DL configuration in eIMTA is indicated by PDCCH signalling. New UE behaviours regarding DRX timer counting and PDCCH monitoring after waking up from inactive state are addressed, and the possible solutions are provided for discussion. 
2.1 DRX timer counting 

In DRX operation, PDCCH subframe is counted for onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer. In the legacy TDD operation, UEs follow the TDD UL-DL configuration signalled in SIB1 to perform the DRX timer counting. However, in TDD eIMTA, TDD UL-DL configuration might change frequently, and so does the PDCCH subframe pattern. Several options are proposed for a UE to perform the PDCCH subframe counting. 
Option 1:
PDCCH subframe counting is based on PDCCH subframes in TDD UL-DL configuration signalled in SIB1 

This option is the same as the current behaviour so less specification impact is required. However, it was agreed that a subframe indicated in SIB1 as UL can be used dynamically for DL so that it is expected that the TDD UL-DL configuration signalled in SIB1 should have the most schedulable UL subframes. Therefore, there may be more PDCCH subframes than counted by the timer. It is possible that eNB can adjust the value of DRX timers taking this into consideration. Since less PDCCH subframes is counted, the UE stay in active state longer. eNB also has more flexibility for scheduling.  

Figure 2 illustrates an example that PDCCH subframe counting is based on the TDD UL-DL configuration in SIB1. Assume eNB configures TDD UL-DL configuration #0 in SIB1. eNB changes the actual TDD UL-DL configuration from #0, to #6 to #1 according to the DL/UL traffic ratio. The UE and eNB count onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer based on the PDCCH subframes broadcasted in SIB1, i.e., TDD UL-DL configuration #0. Thus, the UE may need to monitor three more PDCCH subframes in this example. 
Pros: Less specification impact

Cons: UE stays in active state longer, i.e. less PDCCH subframe is counted by DRX timer
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Figure 1: An example of PDCCH subframe counting based on the TDD UL-DL configuration signalled in SIB1
Option 2: PDCCH subframe counting is based on the PDCCH subframes in the actual TDD UL-DL configuration 

Alternatively, a UE can count the PDCCH subframes based on the actual TDD UL-DL configuration. In this case, the UE behaviour in PDCCH subframe counting and the PDCCH detection are aligned. However, if a UE mis-detects L1 signalling, the DRX timers would de-sync between eNB and UE. So, active state and DRX state are not aligned in eNB and UE sides. Then, there is chance, either unnecessary PDCCH monitoring occurs in the non-aligned subframes which results in UE power wastage, or PDCCH would be missed in the UE side which results in delay and radio resource waste.

Pros: PDCCH subframe counting and the PDCCH monitoring are aligned 
Cons: The DRX operation would not align between eNB and UE if UE mis-detects L1 signalling

Option 3:
PDCCH subframe counting is based on PDCCH subframes in the DL HARQ reference configuration 
In the LS [2], RAN1 agreed to adapt a DL HARQ reference configuration for DL HARQ timing. 

· Agreements on HARQ timeline

· Downlink HARQ timing follows a higher layer RRC configured TDD UL-DL configuration
· At least configurations 2 and 5 can be selected

· FFS other configurations

In RAN1 #74bis, it was further agreed that 

· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}
The DL HARQ reference configuration is configured by dedicated signalling. It has the most schedulable DL subframe and is used to indicate the HARQ timing where UE sends HARQ feedback for the DL transmission to eNB. Since the DL HARQ reference configuration is expected to change less frequently than the actual TDD UL-DL configuration, it can be used as a reference of PDCCH subframe counting for DRX timers.
Figure 2 illustrates an example of PDCCH subframe counting based on the DL HARQ reference configuration. Assume eNB configures TDD UL-DL configuration #1 as the DL HARQ reference configuration. eNB changes the actual TDD UL-DL configuration from #0, to #6 to #1 according to the DL/UL traffic ratio. UE and eNB count onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer based on the PDCCH subframes in the DL HARQ reference configuration, i.e., TDD UL-DL configuration #1.  
The number of PDCCH subframes in an actual TDD UL-DL configuration is generally less than the PDCCH subframes in the DL HARQ reference configuration. Therefore, there is less scheduling flexibility. It is possible that eNB can adjust the value of DRX timers taking this into consideration.

Pros: Using DL HARQ reference configuration has the same robustness as using the UL-DL configuration signalled in SIB1

Cons: Less scheduling flexibility
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Figure 2: An example of PDCCH subframe counting based on the DL HARQ reference configuration
Option 4:
onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer are counted in subframe basis  
To avoid the ambiguity, another alternative is to just count all DL-UL subframes for DRX timers. In this case, no matter which dynamic TDD UL-DL configuration is used, both eNB and UE can synced on DRX timers. However, since this mechanism ignore the actual schedulable subframe within DRX timers, eNB may need to change DRX timer values along with dynamic TDD UL-DL configurations to maintain sufficient scheduling flexibility. 
Pros: The simplest on the concept level

Cons: eNB may need to change DRX timer values along with dynamic TDD UL-DL configurations. Deviate from legacy TDD behaviour
In addition, in DRX operation, there is one HARQ RTT Timer per DL HARQ process (except for broadcast process). In TDD, the duration of HARQ RTT Timer is set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback. By the definition of k, it is straightforward that the HARQ RTT timer value should be determined according to the DL HARQ reference configuration. 
Proposal 1: HARQ RTT Timer value is determined according to DL HARQ reference configuration. 

For other DRX timers, considering the robustness and the specification impact, we suggest RAN2 to pick from Option 1 or 3.

Proposal 2: Suggest RAN2 to adopt Option 1 or 3 for DRX timer counting.

Option 1:
PDCCH subframe counting is based on PDCCH subframes in TDD UL-DL configuration signalled in SIB1 

Option 3:
PDCCH subframe counting is based on PDCCH subframes in the DL HARQ reference configuration 
Furthermore, since the UE’s behaviour on PDCCH subframe counting follows a TDD UL-DL configuration signalled by RRC and the UE’s behaviour on PDCCH monitoring follows the actual TDD UL-DL configuration, the PDCCH subframe counting and PDCCH monitoring should be decoupled. 
Proposal 3: The UE behaviour on PDCCH subframe counting and the UE behaviour on PDCCH monitoring are decoupled. 

2.2 PDCCH monitoring after waking up from inactive state

In the current specification, when in RRC_CONNECTED, if DRX is configured, the UE is allowed to monitor the PDCCH discontinuously using the DRX operation [3]. 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.

Proposal 4: Network cannot expect UE to detect actual TDD UL-DL configuration in UE’s inactive state. 

When a UE enters inactive state, it may stop monitoring TDD UL-DL configuration indicated in PDCCH. If the eNB changes its TDD UL-DL configuration in UE’s inactive state, 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 3 illustrates an example. The UE stops PDCCH detection in inactive state and the eNB changes the actual TDD UL-DL configuration in 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 subframes where the eNB expects the UE to detect and the PDCCH subframes the UE really detects may not be aligned in an 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 3: An example of ambiguity period for PDCCH detection after UE wakes up from inactive state
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.   

To solve the misaligned PDCCH detection in the ambiguity period, several options are listed. 
Option 1: In the ambiguity period, PDCCH monitoring 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 subframe 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 UE. 
Option 2: In the ambiguity period, PDCCH monitoring 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 monitoring 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 will not be limited. However, the UE may need to detect more PDCCH subframes than the PDCCH subframes which actually occur.  
Option 3: In the ambiguity period, PDCCH monitoring is performed on DL and Special Subframe of TDD UL-DL configuration before inactive state 
The UE can follow the TDD UL-DL configuration it acquires before entering inactive state to perform PDCCH subframe 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. 


Among these options, Option 1 limits the scheduling opportunity of eIMTA UE; Option 3 needs extra effort in the network side. Thus, we propose to adopt Option 2 as the fallback solution in the ambiguity period.

Proposal 5: 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 Conclusion 
In this contribution, we discussed the DRX operation in TDD eIMTA. New UE behaviour regarding DRX timer counting and PDCCH detection after waking up from inactive state are addressed and the possible solutions are provided. 

Proposal 1: HARQ RTT Timer value is determined according to DL HARQ reference configuration. 

Proposal 2: Suggest RAN2 to adopt Option 1 or 3 for DRX timer counting.

Option 1:
PDCCH subframe counting is based on PDCCH subframes in TDD UL-DL configuration signalled in SIB1 

Option 3:
PDCCH subframe counting is based on PDCCH subframes in the DL HARQ reference configuration 
Proposal 3: The UE behaviour on PDCCH subframe counting and the UE behaviour on PDCCH monitoring are decoupled. 

Proposal 4: Network cannot expect UE to detect actual TDD UL-DL configuration in UE’s inactive state. 

Proposal 5: 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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