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Internal Discussion
1      Introduction
In last RAN2#83Bis meeting there were several contributions in RAN2 pointing at the impact to DRX operation in terms of definition of PDCCH subframe, monitoring of PDCCH subframe and the counting for various DRX timers determining the active time [1], [2], [3], [4]. Even though there was no discussion on the floor of RAN2 at RAN2#83Bis, all the referenced contributions pointed at the impact and some solution directions to address the issue. In RAN1#74Bis meeting discussions in RAN1 progressed with quite a few concrete agreements as mentioned in the LS [5] covering agreements on L1 signaling for UL-DL reconfiguration, UL and DL HARQ details and backhaul signaling for interference mitigation. The agreements on UL-DL reconfiguration DCI and signaling of HARQ reference configuration are useful in RAN2 to analyze the possibilities to address the impact to DRX operation in TDD eIMTA.  
2      Discussion 
DRX is widely used LTE feature for UE power saving. So, it makes sense to configure UEs with DRX even in eIMTA systems. The alignment between the UE and eNB for DRX operation is determined by the active time which is governed by the various timers such as the onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer. The counting towards these timers is based on the definition of PDCCH-subframe. The issue of misalignment between eNB and UE arises due to two reasons:

1) When UE fails to decode the reconfiguration DCI format sent through L1 signaling;

2) When the UE wakes up from DRX and does not know the current TDD DL-UL configuration. 
One way to address the misalignment issue is to have a common understanding between UE and eNB when to expect the reconfiguration DCI. Other way is to have an improved reception reliability of the reconfiguration DCI format which conveys the TDD UL-DL configuration. RAN1 has agreed the following in that aspect [5]:

	· A UE is expected to monitor explicit reconfiguration DCI at least in a set of periodic subframes (subject to DRX operation)

· FFS whether or not to monitor additional subframes in addition to the set of periodic subframes

· The set of periodic subframes is by configuration 




The intention of the above agreement is to provide both the UE and the eNB the same understanding of when the PDCCH doing the reconfiguration is supposed to be received by the UE. By informing to a UE the subframes where that PDCCH is transmitted, the UE can know based on its DRX cycle whether it will operate according to the signaled configuration or according to some alternative option. For the FFS part, the benefit is that a UE can potentially combine such PDCCHs for better detection reliability for which additional mechanisms are needed and will be discussed at the next RAN1 meeting.

For the other case when the UE is about to wake-up from sleep, additional monitoring during sleep to receive the PDCCH for the L1 configuration may be needed to know the current configuration. In our opinion this seems unnecessary as it increases the power consumption of UE and UE complexity. Further, whether the UE can reliably decode the PDCCH during the additional monitoring is still questionable. We believe this can addressed based on some pre-defined rules which were already outlined in some contributions [2], [3], [4]. 
Observation#1: There exist potential misalignment of DRX configuration between eNB and UE in eIMTA systems which need to be addressed.

Observation#2: Additional monitoring during sleep to receive the PDCCH for the L1 configuration is not required.
There was some lacking of common understanding regarding which subframes can be dynamically configured in the last RAN2 meeting because the previous LS did not had concrete agreements. However, this seems quite clear based on the recently received RAN1 LS [5]:

	The following working assumption is confirmed:

· Working assumption: A subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission.


This means the subframes indicated in SIB1 as special and UL subframe can be used dynamically for DL. RAN1 also agreed that UE shall ignore the DL HARQ reference configuration from dynamic reconfiguration perspective with the following complimentary text [5]:
	· The following behaviour is agreed:

· Under any valid UL & DL HARQ reference configurations, the UE should not expect any subframe configured as UL subframe or special subframe in DL HARQ reference configuration is dynamically used as DL subframe.
· FFS whether to capture the above into specifications




Even though it is clear which subframe can be dynamically used for DL, there is still a need to define PDCCH subframe. The definition of PDCCH subframe is used for DRX operation and the associated timers like drx-InactivityTimer, drx-RetranmissionTimer. Therefore, from specification point of view the meaning of PDCCH subframe for eIMTA UEs should be very clear and specified somewhere in RAN2 specs. As there is a FFS in RAN1 agreement, at the moment it is unclear whether the confirmed working assumption or the complimentary text would be captured in RAN1 specification. 

Observation#3: The definition of PDCCH subframe in the context of eIMTA UEs should be specified in RAN2 specification which would be helpful towards counting DRX timers.

RAN1 also made some concrete agreements on the UL and DL HARQ reference configurations which would be used for HARQ timings [5]: 
	Working assumption:

· For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1

· Agreements on HARQ timeline [6]

· Downlink HARQ timing follows a higher layer RRC configured TDD configuration
· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}



These agreements are helpful in RAN2 to define the rules for PDCCH monitoring and DRX timer counting. The default TDD configuration in SIB1 will serve the following purpose:

1.  Legacy and eIMTA UEs which are IDLE follow the TDD configuration in SIB1. 

2.  Legacy UEs which are CONNECTED follow the TDD configuration in SIB1 (PCell).
3.  eIMTA UEs which are configured for dynamic TDD follow the TDD configuration in SIB1 for UL HARQ timing.

The TDD configuration from the set {2, 4, 5}shall be sent through dedicated RRC signaling to eIMTA capable UEs to be used as reference configuration for DL HARQ timing. 
The PDCCH subframe considered towards DRX timer counting can be based on several options that have been proposed in [2], [3] and [4].

Option1: PDCCH subframe considered towards DRX timer counting is based on DL subframes and special subframes in the DL HARQ reference configuration.

Option2: PDCCH subframe considered towards DRX timer counting is based on DL subframes and special subframes in the UL HARQ reference configuration.

Option3: PDCCH subframe considered towards DRX timer counting is based on intersection of DL subframes and special subframes in the UL and DL HARQ reference configuration.
Option4: PDCCH subframe considered towards DRX timer counting is based on union of DL subframes and special subframes in the UL and DL HARQ reference configuration.

Option5: PDCCH subframe considered towards DRX timer counting is based on union of DL subframes and special subframes in the UL and DL HARQ reference configuration, excluding those subframes that are indicated as UL subframes. 

Technically speaking option1 and option4 are same since the PDCCH subframes in DL HARQ reference configuration is a superset of the DL subframes in UL HARQ reference configuration. Similarly, option2 and option3 are same. Option 5 would result in PDCCH-subframe definition resulting in same subframes accounted for monitoring and counting as it is done Rel-11. However, this option has the potential to lead to misalignment between UE and eNB due to missed L1 signalling. Therefore, in our opinion option5 should not be considered for counting towards DRX timers but should be considered towards monitoring. With Option2/Option3, the counting would essentially be based on fixed DL subframes. Here it is expected the eNB would configure timer values quite low and it may be possible that the eIMTA UEs may miss some scheduling opportunities, since additional DL opportunities may exist if flexible subframes become DL while the DRX timer expires due to short length. Further, Option2/Option3 would need the definition of fixed DL subframes and terminologies for UL and DL HARQ reference configuration to be specified. With Option1/Option4, the monitoring and counting is quite close even though PDCCH-subframe is separate for monitoring and counting. Here it is expected the eNB would configure relatively longer timer values and the eIMTA UEs do not lose any scheduling opportunities, since additional DL opportunities may exist if flexible subframes become DL as the long DRX timer covers the flexible subframes. The principle in option4 has been followed in Rel-11 in the context of TDD-CA with carrier specific TDD configuration. It seems reasonable to follow the same principle for consideration of PDCCH subframe towards DRX timer counting. Option4 does not require the definition of fixed and flexible subframes nor does it require terminologies for UL and DL HARQ reference configuration to be introduced in specifications. 
Proposal#1: RAN2 is requested to agree the PDCCH subframe considered towards actual monitoring and counting DRX timers can be separate in case of eIMTA capable UEs.
Proposal#2: RAN2 is requested to take into consideration the above listed options for PDCCH subframe consideration towards DRX timer counting. 
3      Conclusion 

We conclude the contribution with following observations and conclusions:

Observation#1: There exist potential misalignment of DRX configuration between eNB and UE in eIMTA systems which need to be addressed.

Observation#2: Additional monitoring during sleep to receive the PDCCH for the L1 configuration is not required.

Observation#3: The definition of PDCCH subframe in the context of eIMTA UEs should be specified in RAN2 specification which would be helpful towards counting DRX timers.

Proposal#1: RAN2 is requested to agree the PDCCH subframe considered towards actual monitoring and counting DRX timers can be separate in case of eIMTA capable UEs.
Proposal#2: RAN2 is requested to take into consideration the above listed options for PDCCH subframe consideration towards DRX timer counting. 
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