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1. Introduction
The main issues of DRX with TDD eIMTA include: 
· DRX timer counting
· It was discussed in the last RAN2 meeting and the agreement is that DRX timer counting follows the TDD UL/DL configuration in SIB1. 
· PDCCH monitoring
· For the second one, there were some related agreements achieved in the last RAN1 meeting as below. 

	Agreement:

· If UE detects L1 signaling conveying a valid UL-DL configuration for a radio frame,

· UE shall monitor the non-DRX DL subframes or special subframes indicated by explicit L1 signaling 

	Working Assumption:

· If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, 

· UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration


Based on RAN1’s discussion and agreements, this contribution gives our analysis and suggestion on the following two aspects from RAN2 point of view:
· PDCCH monitoring in active time;

· eIMTA command monitoring in sleeping state.
According to the discussion, the suggestion on the change of MAC spec is given finally.
2. Discussion
2.1. PDCCH monitoring in active time
According to RAN1’s working assumption, when UE does not detect valid L1 eIMTA command, UE will fall back to monitor PDCCH in PDCCH subframe indicated by SIB-1. From RAN2 point of view, if eNB is aware of the fall back cases and has the same understanding on the PDCCH monitoring subframe as UE, the UE’s behavior agreed in RAN1 is applicable for DRX. 
There are three possible fallback cases in UE side as listed below.
· Case 1: before UE receives the very first valid L1 eIMTA command when eIMTA is configured ;
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Figure 1 Example of fallback case 1
After UE is configured with the eIMTA via RRC signaling, UE will monitor the PDCCH subframes indicated by SIB-1 until it receives the first valid L1 eIMTA command and applies it according to the effective time of the TDD eIMTA command. In this case, since the eIMTA configuration signaling and eIMTA command transmission are both controlled by eNB, eNB is aware of this fallback case, and has the same understanding on the PDCCH monitoring subframe as UE.
· Case 2: before UE receives the first valid L1 eIMTA command in active time;
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Figure 2 Example of fallback case 2

Assuming UE has not received the L1 eIMTA command during non-active time, once the onduration timer is started, UE will fall back to monitor the PDCCH subframes indicated by SIB-1 until it receives the first valid eIMTA command according to the effective time of the TDD eIMTA command. In this case, since eNB is aware of the time points of the active time beginning and the first eIMTA command transmission during the active time, eNB is aware of this fallback case, and has the same understanding on the PDCCH monitoring subframe as UE.
· Case 3: no valid L1 eIMTA command detected in the previous eIMTA modification period during active time;
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Figure 3 Example of fallback case 3

Based on the RAN1 discussions [1], an eIMTA UE is configured with a modification period and subframe subsets that may contain the L1 eIMTA signaling. Assuming UE does not detect or fail to decode eIMTA command 2 correctly during period 2, UE will fall back to monitor the PDCCH subframes indicated by SIB-1 during period 3.In this case, it is hard for eNB to know such fallback without feedback from UE side, and it is possible for eNB to schedule UE in the subframes which UE does not monitor. 
However, according to RAN1 discussion [2][3][4], the BLER of L1 eIMTA command is sufficiently low in case of small cell. In addition, since L1 eIMTA command can be repeatedly transmitted during one period, the reliability of the command should be nonissue. Hence, the case 3 should be regarded as very rare case. 
To summarize, eNB is aware of the fallback operations for both case 1 and case 2, while case 3 rare, which lead to the conclusion that there is no problem to apply the UE’s behavior agreed in RAN1 in DRX. 
Proposal 1: Confirm that in active time,
· If UE detects the eIMTA command, UE should monitor the PDCCH in the DL subframes or special subframes indicated by the eIMTA command;

· Otherwise, UE should monitor the PDCCH in the DL subframes or special subframes indicated by SIB-1.
2.2. eIMTA command monitoring in sleeping state
Whether UE shall monitor eIMTA command in sleeping state or not impacts two aspects: UE’s power saving and UE’s throughput.
· Power saving

According to the current RAN1 discussions, the eIMTA modification period length ranges from 10 to 80ms, which is very short comparing to the long DRX cycle (10~2560ms). If UE is always required to monitor the L1 command in sleeping state, it leads to high power consumption. 
Observation 1: Monitoring eIMTA command in sleeping state is not good for UE’s power saving.
· UE’s throughput
If UE does not monitor L1 eIMTA command in sleeping state, when it enters active time, UE will fall back to monitor PDCCH according to PDCCH subframes indicated in SIB-1. The UE throughput might be negatively impacted during the fallback period, due to the less scheduling subframes. However, considering the whole active time length, the impact is limited based on the following facts:

· If active time is long, a relatively short fallback period would not bring much impact on the UE’s throughput; 
· If active time is short, it means the UE data volumn is small, which then does not require a large number of scheduling subframe for the UE. 
Observation 2: Applying fallback mechanism when entering active time will not bring much impact to UE’s throughput.

Based on the two observations, it is proposed that 
Proposal 2: UE is not required to monitor eIMTA command when not in active time.
In addition, it is noted that proposal 2 is RAN1’s common understanding during the email discussion [1].
2.3. Suggestion on the change of MAC spec
In current MAC spec, the definition “PDCCH-subframe” is used for both DRX timer counting and PDCCH monitoring. But in eIMTA, the two sets (i.e. counting set and monitoring set) are different, and one definition cannot handle it. Hence, there are two alternatives:
· Alt 1: “PDCCH-subframe” is used for PDCCH monitoring, and new definition is introduced for DRX timer counting, e.g. “DRX-counting-subframe” [5];

· Alt 2: “PDCCH-subframe” is used for DRX timer counting, and new definition is introduced for PDCCH monitoring, e.g. “PDCCH-monitoring-subframe” [6].
For the PDCCH monitoring set, since the fallback rule and the detail of how to monitor PDCCH is appropriate to be defined in 36.213, not in 36. 321, we think it is sufficient to specify in MAC spec that for PDCCH monitoring, if UE is configured with eIMTA, the downlink subframes and subframes including DwPTS of one serving cell are determined as in  36.213.
3. Conclusion

According to the analysis in section 2, it is proposed:
Proposal 1: Confirm that in active time,

· If UE detects the eIMTA command, UE should monitor the PDCCH in the DL subframes or special subframes indicated by the eIMTA command;

· Otherwise, UE should monitor the PDCCH in the DL subframes or special subframes indicated by SIB-1.

Proposal 2: UE is not required to monitor eIMTA command when not in active time.
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