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1. Introduction
In TDD eIMTA, TDD UL/DL configuration can be changed dynamically, which brings some impacts on DRX. This contribution gives our analysis on it from two aspects:
1) DRX timer counting;

2) eIMTA command monitoring in DRX.
2. Discussion
2.1. DRX timer counting
DRX mechanism is operated based on the counting of several DRX timers. One kind of DRX timer is counted by PDCCH-subframe (e.g. onDurationTimer, InactivityTimer and RetransmissionTimer), and in TDD, PDCCH-subframe set is related to the scheduling cell’s TDD configuration.
In TDD eIMTA, UE is configured with three TDD configurations for different purposes. Therefore, there are three possible options to determine the PDCCH-subframe used for DRX timer counting:
· Opt 1: according to the TDD configuration indicated by SIB1;
· Opt 2: according to the reference TDD configuration configured by eNB for downlink HARQ timing.
· Opt 3: according to the TDD configuration indicated by L1 signaling (i.e., eIMTA command);
An example of the above three options is given in Table-1, and the relationship between the scheduling subframe set and PDCCH-subframe counting set is shown in Table-2.
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Table-2 Relationship between the scheduling subframe set and PDCCH-subframe counting set
	
	Relationship

	Opt 1: SIB1
	Scheduling subframe set  > PDCCH-sbuframe counting set

	Opt 2: Reference
	Scheduling subframe set  < PDCCH-sbuframe counting set

	Opt 3: L1 signaling
	Scheduling subframe set =  PDCCH-sbuframe counting set


Further analysis on the above three options is as below:

· For Opt 1, since the DRX counting set is the minimum set for potential scheduling, the UE should monitor the potential scheduling not only in the subframe for PDCCH-subframe counting but also in other downlink subframes during the active time, according to the dynamic TDD UL/DL configuration. There is no misunderstanding issue, and the PDCCH-subframe counting set is the same as the legacy UE, which is easy for CSI resource time multiplexing amongst UEs. The drawback of this option is that the control granularity is coarse and not good for UE power compared to other options. For example, in this option onduration period cannot stopped at subframe#9, but other options can do that. 
· For Opt 2, since some subframes for PDCCH-subframe counting cannot be used for scheduling, e.g. subframes#3 and #8 in Table-1, UE should not monitor the potential scheduling in all DRX counting subframes. To guarantee the sufficient number of scheduling subframes within the active time, considering the actual scheduling subframe number would be changed, the DRX timer has to set to a larger value considering the worse case (i.e. TDD configuration indicated in SIB1). With a larger value, although the value is different, the actual subframes during active time are same for Opt 1 and Opt 2, i.e. the power consumption of the two options is same. For example, to guarantee at least five scheduling opportunities during onduration period, both in Opt 1 and in Opt 2, the onduration period will across 11 subframes (if it is started as subframe#0), the difference is the configured value, 5psf for Opt 1 and 9psf for Opt 2.=
· For Opt 3, it is aligned with the current principle, i.e. the subframe for PDCCH-subframe counting equals to the subframe for potential scheduling. Since the DRX counting is determined by TDD configuration indicated via the L1 signaling, it is more dynamic. If there is some misunderstanding on it, there would be some unrecoverable problem on the DRX mechanism. For example, when the eIMTA is just enabled but UE has not acquired the current TDD configuration, the misunderstanding issue on PDCCH-subframe between eNB and UE would occur. Also, in case of PDCCH missing or error detection the misunderstanding issue may occur. 
Hence, the summary of the three options is given in Table-3.
Table-3 Summary of three options

	
	Opt 1
	Opt 2
	Opt 3

	PDCCH-subframe counting set
	Follow the TDD configuration indicated by SIB1
	Follow reference TDD configuration for DL HARQ timing
	Follow the TDD configuration indicated by L1 signaling

	PDCCH monitoring subframe set
	Following the TDD configuration indicated by L1 signaling
	Following the TDD configuration indicated by L1 signaling
	Following the TDD configuration indicated by L1 signaling

	Misunderstanding between eNB and UE on DRX counting set
	No
	No
	Yes

	Power saving efficiency
	Not good
	Not good
	Good

	Good for CSI resource TDM amongst UEs
	Yes
	Yes
	No


Comparing the above three options, firstly to make the DRX mechanism work well, Opt 3 should be avoided due to the misunderstanding issue; secondly, Opt1 and Opt2 has the similar performance on power saving, but since the handling in Opt 1 is the same as the legacy UE and good for the CSI resource multiplexing amongst UEs, Opt 1 should be adopted in eIMTA.
Proposal 1: For DRX timer counting, the PDCCH-subframe should be defined according to the TDD UL/DL configuration in SIB1.
Proposal 2: In active time, UE should monitor PDCCH on the downlink subframe and special subframe according to the TDD configuration indicated by L1 signaling.
2.2. eIMTA command monitoring in DRX
According to the RAN1 LS in [1], UE should monitor the eIMTA command at least in Active Time. Then one question to ask is whether it is necessary for UE to monitor it in non-Active Time. 
· Monitoring?

Considering the frequency of eIMTA command transmission would be very fast, e.g. 10ms, UE has to wake up every 10ms to monitor the eIMTA command, which is not good for the UE power saving and contradict with the intention of DRX.
· Not monitoring?

Due to lack of knowledge of the dynamic TDD configuration, when UE enters active time, UE may only know the actual TDD configuration until it acquires the first L1 eIMTA command. During the transient period, which TDD configuration should be used for data scheduling is unclear. Obviously, UE should not reuse the previous TDD configuration indicated by eIMTA command before it enters into the sleeping state. Comparing the TDD UL/DL configuration indicated in SIB1 and the configured reference UL/DL configuration, the former shall be used as fallback for the transient period since the latter is only applicable for HARQ timing.
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Figure-1 TDD configuration for transient period
Based on the discussions, there are two proposals as below.
Proposal 3: UE is not required to monitor eIMTA command in non-Active Time.
Proposal 4: In case that UE enters DRX active time, UE should follow the TDD UL/DL configuration indicated in SIB1 before UE can acquire the first TDD configuration indicated by L1 signaling.
3. Conclusion

According to the analysis in section 2, it is proposed:
Proposal 1: For DRX timer counting, the PDCCH-subframe should be defined according to the TDD UL/DL configuration in SIB1.
Proposal 2: In active time, UE should monitor PDCCH on the downlink subframe and special subframe according to the TDD configuration indicated by L1 signaling.

Proposal 3: UE is not required to monitor eIMTA command in non-Active Time.
Proposal 4: In case that UE enters DRX active time, UE should follow the TDD UL/DL configuration indicated in SIB1 before UE can acquire the first TDD configuration indicated by L1 signaling.
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