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1 Introduction
eIMTA work item is currently under discussion in RAN2. During the last meeting, RAN2 agreed to limit the scope of the feature to RRC Connected mode and further agreed to introduce dedicated DL-DCCH signaling for support of eIMTA operation. The details of the RRC signaling are still subject for further studies and no discussion related to user-plane is started yet. The purpose of this contribution is to discuss the impact of eIMTA on discontinuous reception (DRX) and how it may influence the MAC protocol. 
2 Discussion
The main principle of eIMTA is to allow some uplink subframes to be used as downlink subframes. The UE is provided two different configurations referred to as uplink and downlink reference configurations respectively. Those subframes whose uplink downlink designation differs between the uplink and downlink reference configuration are referred to as flexible subframes. A new physical layer signaling for the operation of this feature is under discussion in RAN1.

Flexible subframes have an impact on the Medium Access Control (MAC) protocol because the PDCCH monitoring requires knowledge of when the subframes are used for downlink direction. In the current DRX operation, the UE needs to monitor PDCCH during Active time in so called “PDCCH subframes” and also the DRX timer counting is based on those monitored subframes. During other subframes than PDCCH subframes, the UE can turn off its receiver and thereby prolong battery lifetime.

One straightforward solution is to require PDCCH monitoring during Active time for all flexible subframes but exclude those subframes that are indicated as uplink subframes either with an uplink grant or explicit L1 signaling. This can ensure that flexible subframes can be used for downlink scheduling as much as possible. The solution is expected to be robust in the sense that it can avoid DRX state mismatch between the UE and the network. If the UE does not receive L1 signaling, nothing harmful will happen with respect to PDCCH monitoring and starting of DRX timers. If the UE monitors only those subframes that are indicated as downlink subframes according to L1 signaling, there would be a DRX state mismatch if the UE missed the L1 signaling because in that case the UE would not start all relevant DRX timers etc. 
Furthermore, it should be noted that it cannot be guaranteed that all UEs always receive L1 signaling because they can be in DRX sleep state when this signaling is transmitted. In the normal DRX operation, DRX offsets are typically spread in time to balance load. Thus not all UEs are listening L1 signaling. For the scheduling it would be very complex to keep track of all UEs separately if they have received or not this L1 signaling and perform scheduling of flexible subframes according to that. Thus it is better that L1 signaling gives opportunity for the UE to monitor less PDCCH subframes, whereas the default is to monitor all flexible subframes. Having it vice versa would lead very complex scheduling operation and inefficient usage of flexible subframes.

It is therefore proposed;  
Proposal 1 During Active time, UE shall monitor PDCCH for all flexible subframes that are not indicated as uplink subframes according to L1 control signaling (UL grants or L1 TDD Control)
In addition, the PDCCH subframe counting may be impacted by flexible subframes and therefore also DRX timer definitions may need some refinements. At least the following three different alternatives for PDCCH subframe counting are possible; 
1.
Counting is based on the downlink subframes of the uplink reference configuration, or 
2.
Counting is based on the union of downlink subframes of both uplink and downlink reference configurations, or
3.
Counting is based on the union of downlink subframes of both uplink and downlink reference configurations, extracting the subframes that are signaled as uplink subframes with L1 signaling.
The first alternative is a simple solution where a certain number of scheduling opportunities with certain DRX timer lengths remains fixed. It should also be noted that with this alternative, the amount of scheduling opportunities would remain the same for both Rel-12 and legacy UEs. In addition, the DRX counter maintenance would remain unchanged as the counter’s updates would follow the same rules as those that are used for the legacy UEs following the TDD configuration in SIB1.  

The second alternative would be more advanced and follow the same principles as the TDD configuration scheme for SCells in Rel-11. A drawback is that the DRX timers need to be configured to rather long values such that a certain number of scheduling opportunities can be guaranteed. 
In the third alternative, counting of PDCCH subframes would be the closest to the actual PDCCH monitoring. The counting would therefore follow the current principles in the MAC specification for DRX operation. A problem arises, since these principles are difficult to apply for the new Rel-12 scenarios where the link directions are determined by L1 signaling. Since L1 signaling is generally unreliable or it cannot be even guaranteed that the UE necessarily even monitors it, there is a risk that DRX timers get out of sync at the UE and eNB side which would lead to incorrect operation of the system. It is therefore proposed to use either the first or the second alternative with static downlink subframes.

It can be assumed that power consumption is similar for both alternatives 1 and 2 because power efficiency in both cases is heavily dependent on the DRX settings. On the other hand, it can be argued that setting and maintaining of the timers is easier for alternative 1 than for alternative 2 because they are closer to the legacy configurations. Hence, alternative 1 is preferred.
Proposal 2 For DRX timer counting, consider PDCCH subframes of the uplink reference configuration according to SIB1
The concepts of uplink and downlink reference configurations have been used during RAN1 discussions. Since it is agreed to reuse the existing broadcast TDD configuration as the uplink reference configuration, there are no good reasons to introduce the concept of uplink reference configuration in RAN2 specifications. It should be sufficient to distinguish between the existing TDD configuration and the downlink reference configuration. It is therefore proposed to denote the “uplink reference configuration” as TDD configuration (i.e. the existing broadcasted configuration) and the “downlink reference configuration” as secondary TDD configuration in RAN2 specifications.

Proposal 3 Denote the uplink reference configuration as TDD configuration and the downlink reference configuration as secondary TDD configuration
3 Conclusions
In this contribution, the impact of eIMTA on DRX is addressed and the findings are captured in the below outlined proposals;
Proposal 1
During Active time, UE shall monitor PDCCH for all flexible subframes that are not indicated as uplink subframes according to L1 control signaling (UL grants or L1 TDD Control)
Proposal 2
For DRX timer counting, consider PDCCH subframes of the uplink reference configuration according to SIB1
Proposal 3
Denote the uplink reference configuration as TDD configuration and the downlink reference configuration as secondary TDD configuration


A proposal to capture the impact of eIMTA on PDCCH monitoring and PDCCH subframe counting is presented in a draft 36.321 CR in R2-124138. 
4 References
[1] R1-134019, LS on LTE_TDD_eIMTA, RAN1#74, Barcelona, Spain, 19-23 Aug 2013
[2] 3GPP TS 36.331, Medium Access Control (MAC) protocol specification, v11.3.0, 2013-06

3/3


