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1
Introduction
DRX issuesin eIMTA was discussed in last meeting [1], and the following agreement in RAN2 was approved:

=>
DRX timer counting follows the TDD UL/DL configuration in SIB1.

But there are still some remaining issues for discussion, e.g. 
· DRX timer counting issues in CA scenario
· Relationship between DRX timer counting and PDCCH monitoring

· PDCCH monitoring for TDD UL/DL configuration in DRX

· Default configuration for PDCCH monitoring for fallback
So in this paper, we try to analyze the above DRX issues.
2
Discussion
2.1
DRX timer counting in CA and duplex case
There are two kinds of DRX related timers. 

One kind of DRX related timers include:  mac-ContentionResolutionTimer , drxShortCycleTimer , and HARQ RTT Timer , and these timers count both DL and UL subframes.  These timers will not be impacted by the UL-DL reconfiguration, so we will not discuss this kind of timers.

Another kind of DRX timers include: onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer, and these timers count only PDCCH-subframe(s). Because PDCCH-subframe(s) will be impacted by UL-DL reconfiguration, the issue is how to count the DRX timers across the different UL-DL configurations.
In this paper, we only focus on onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer as DRX timer.

It is known that in CA without eIMTA, common DRX is performed across each component carrier. And the DRX timer counting is based on the PDCCH-subframes of the serving cells[3]: 

	drx-InactivityTimer: Specifies the number of consecutive PDCCH-subframe(s) after the subframe in which a PDCCH indicates an initial UL or DL user data transmission for this UE.

drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a DL retransmission is received.

onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.

PDCCH-subframe: Refers to a subframe with PDCCH. For FDD UE operation, this represents any subframe;
for TDD UE operation, if UE is capable of simultaneous reception and transmission in the aggregated cells, this represents the union of downlink subframes and subframes including DwPTS of all serving cells, except serving cells that are configured with schedulingCellId [8]; otherwise, this represents the subframes where the PCell is configured as a downlink subframe or a subframe including DwPTS.
For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, this represents all downlink subframes configured for RN communication with the E-UTRAN.


Carrier aggregation scenario is also considered in eIMTA, i.e. both PCell and SCell(s) support UL-DL reconfiguration. 

Because it was already agreed that DRX timer counting follows SIB1 for non CA scenario, it is reasonable to extend the agreement to CA and duplex case combining with the current definition of PDCCH subframe for CA and duplex case:

Proposal1: For TDD UE operation, if UE is not capable of simultaneous reception and transmission in the aggregated cells, only DL subframes and subframes including DwPTS signalled in SIB1of PCell are counted for onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer.
Proposal1a: For TDD UE operation, if UE is capable of simultaneous reception and transmission in the aggregated cells, the union of DL subframes and subframes including DwPTS signalled in SIB1of PCell and RadioResourceConfigCommonSCell IE in all SCells are counted for onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer.
2.2
Relationship between DRX timer counting and PDCCH monitoring
The consequence of the agreement and extention for CA is that there are some DL subframes with PDCCH of the TDD UL/DL configuration in explicit L1 signalling are not included in the DRX timer counting, see the following figure:
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Figure 1 Illustration of DRX timer counting following the TDD UL/DL configuration in SIB1
But obviously, the UE should also monitor PDCCH for UL grant and DL assignment in the DL subframes not included in the DRX timer counting e.g. subframe 3,4,7,8,and 9,  according to the explicit L1 signalling. 
Consequently, it is very reasonable to understand that the UE is in DRX active state during these DRX timers running, and all the DL subframes and Special subframes are monitored irrespectively they are counted or not.
Proposal2: DRX timer counting is split from PDCCH monitoring, e.g. some DL subframes with PDCCH monitoring are not counted for DRX timers(onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer) for UEs configured with eIMTA.
2. 3
Monitoring L1 signalling for TDD UL/DL configuration in DRX
It is easy understand that eIMTA UE should decode L1 signalling for TDD UL/DL configuration in non-DRX state and in DRX active when DRX is configured.

However, whether the UE should decoding L1 signalling for TDD UL/DL reconfiguration during sleep state should be discussed and confirmed.

There are two alternatives for this issue:

· Decoding

· Not decoding

The benefit of decoding is:

· UE may obtain the latest UL-DL configuration, and align the direction of each subframes, for better eNB scheduling
The cost of decoding is:

· UE will consume more power if it becomes active just for the possible L1 signalling, especially when multiple subframes transmitting the L1 signalling, the UE should keep or become active again if the former decoding fails.
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· The more consumed power make little sense if the UE has no or little data for transmission or receiving, i.e. there may be not helpful for scheduling in this case.

· There is no benefit for DL/UL HARQ timing by obtain the latest UL-DL configuration because the current RAN1 already agreed that there will be a referenced DL/UL HARQ timing no matter the current UL-DL configuration is used.

The benefit of not decoding is:

· No more power consumption

The cost of not decoding is:

· The UE cannot align the direction of each subframes with eNB, and the eNB has to schedule the UE on and for fixed subframes if the UE does not decode the L1 signalling, which may cause some limitation for scheduling, see the following illustration. 
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From the above analysis, we can see that not decoding during sleep state is better: power saving can be kept and the scheduling occasion is under control because the eNB knows the UE is in sleep state and does not decode the L1 signalling. And considering that there is little data for transmission or receiving, the impact is little.

Proposal3: UE should not monitor the L1 signalling for TDD UL/DL configuration during DRX sleep state.

2.4
Default configuration for PDCCH monitoring for fallback
Assuming proposal 4 is agreed, when the UE is in DRX inactive state, it may miss the explicit L1 signalling for TDD UL/DL configuration. Then the question is what is UE’s behaviour on PDCCH monitoring, e.g which TDD UL/DL configuration should the UE fallback for PDCCH monitoring?
There may be some possible fallback solutions:

· Fallback to TDD UL/DL configuration in SIB1

· Fallback to DL HARQ reference TDD UL/DL configuration
· Fallback to the nearest applied TDD UL/DL configuration before current period
The following table shows the analysis on the above three alternatives
	                Alt.
Impacts
	TDD UL/DL configuration in SIB1
	DL HARQ reference TDD UL/DL configuration
	nearest applied TDD UL/DL configuration

	Power Consumption①
	Lowest
	highest
	Lowest ~ highest

	DL scheduling opportunity
	Least
	Most
	Least ~ most

	UL Scheduling opportunity
	Most
	Least
	Least ~ most

	Reliability②
	Best
	Best
	worst

	DRX Timer counting
	No  Impact(Follow SIB1)
	No  Impact(Follow SIB1)
	No  Impact(Follow SIB1)


Note①: It is considered from the PDCCH monitor aspect.
Note②:It is considered from the reliability of L1 TDD DL/UL reconfiguration signalling aspect. The first two alternatives are not dependent on the L1 signalling, so they have not reliability issues.
From the summary above table, we find that there is no significant performance difference among the three alternatively.
But from power saving point of view, fallback to TDD UL/DL configuration in SIB1 is best, and there is no reliability issue at all, it seems this solutions is slightly better.
In addition, in RAN1, similar discussion was performed, and it became a work assumption that [2]:

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 
At least for non DRX mode, RAN1 assumed that the PDCCH monitoring should follow SIB1 configuration when UE does not detect L1 signaling.  So it is better to align the UE behavior for DRX mode and non DRX mode, although it may be determined by RAN2 and RAN1 respectively.
Proposal 4: RAN2 is asked to determine one from above three alternatives for fallback issue. And we slightly prefer alternative1 among the three, i.e fallback to SIB1 configuration for PDCCH monitoring.
2.5 
Solutions to split DRX timer counting and PDCCH monitoring

Based on above analysis, it is found that DRX timer counting is not aligned with PDCCH monitoring. So it should be specified well in the standard.

There are some alternatives:

Alt1: Introduce a new concept: eIMTA-DRX-Counter-subframe while keeping the current definition of PDCCH-subframe unchanged.
In this solution, the current definition of PDCCH subframe is kept to refer to a subframe with PDCCH which UE should monitor in DRX active state. In addition, we introduce a new concept: eIMTA DRX Counter subframe. And the definition can be shown in [5]

Alt2: Introduce a new concept: eIMTA PDCCH-subframe concept in addition to interpret the current PDCCH-subframe as the PDCCH-subframe in SIB1s of the serving cells.
In this solution, we interpret the current definition of PDCCH subframe as the union of DL subframes and subframes including DwPTS in the SIB1 of all serving cells or DL subframes and subframes including DwPTS in SIB1 of PCell.

In addition, we introduce a new concept of eIMTA PDCCH-subframe, to indicate the additional DL subframes except to the ones in SIB1 of all serving cells or DL subframes and subframes including DwPTS in SIB1 of PCell. The detailed definition could be found in [6]:

Proposal5:RAN2 is asked to discuss the above two alternatives and choose one from them. We slightly prefer alternative 1 because the definition of PDCCH subframe is more reasonable.
3
Proposal
In this paper, the possible DRX issues are discussed, the analysis of possible solutions for these issues are performed, and then the proposal is output:
Proposal1: For TDD UE operation, if UE is not capable of simultaneous reception and transmission in the aggregated cells, only DL subframes and subframes including DwPTS signalled in SIB1of PCell are counted for onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer.
Proposal1a: For TDD UE operation, if UE is capable of simultaneous reception and transmission in the aggregated cells, the union of DL subframes and subframes including DwPTS signalled in SIB1of PCell and RadioResourceConfigCommonSCell IE in all SCells are counted for onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer.
Proposal2: DRX timer counting is split from PDCCH monitoring, e.g. some DL subframes with PDCCH monitoring are not counted for DRX timers(onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer) for UEs configured with eIMTA.

Proposal3: UE should not monitor the L1 signalling for TDD UL/DL configuration during DRX sleep state.
Proposal 4: RAN2 is asked to determine one from above three alternatives for fallback issue. And we slightly prefer alternative1 among the three, i.e fallback to SIB1 configuration for PDCCH monitoring.
Proposal5:RAN2 is asked to discuss the above two alternatives and choose one from them. We slightly prefer alternative 1 because the definition of PDCCH subframe is more reasonable.

In addition, if the above proposal is approved, a draft CR is attached in [5][6].
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