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Discussion and decision
1 Introduction

In LTE Rel-11, different UL/DL configurations on different bands will be supported and the detailed operation has been discussed in RAN1. In this document, we discuss what RAN2 should consider to support of different UL-DL configuration especially in DRX operation. 
2 Discussion
2.1 Background
In TDD LTE, multiple UL/DL configurations are defined to allow a variety of downlink-uplink ratios and switching periodicities. In Rel-10, the same UL/DL configuration is configured over multiple serving cells. One main reason is because intra-band carrier aggregation is prioritized in Rel-10 and it is not possible to support the downlink and uplink simultaneously if multiple carriers share a single RF chain.   However, when multiple RF chains are used especially for inter-band carrier aggregation, it is possible to have different UL/DL configurations. Figure 1 shows one example of different UL/DL configuration in CA. Configuration 2 is used for the PCell, while configuration 3 is used for the SCell. Given that the number of supported band is allowed up to 5, it may be possible to support 5 different UL/DL configurations per band. However, RAN1 concluded that 2 configuration should be focused and optimized in Rel-11. Although the UE is able to support transmission/reception in the same subframe with the multiple RF chain, the additional UE cost/complexity may be required to avoid interference. Therefore, it was agreed that both half-duplex mode and full-duplex mode are supported. In case of half-duplex mode, either UL or DL only is allowed in the subframe that has different direction over the multiple cells. 
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Figure 1: example of different UL/DL configuration
2.2 DRX operation

DRX functionality is used to save the UE power consumption by skipping reception of PDCCH. The UE monitors PDCCH in the PDCCH subframes during the active time. The PDCCH subframes correspond to DL subframes and subframe including DwPTS in TDD, and the active time includes the time while DRX related timer is running or uplink grant is pending. In Rel-10 CA, common DRX related timers are applied over all serving cells and hence the same active time applies to all activated serving cells. However, it is not clear if the same DRX operation can still applies when cell specific TDD configuration is supported because the pattern of DL subframes is different in each frequency band. As shown in Figure 1, the number of downlink subframe and location within a radio frame are different between two serving cells. More specifically, in subframe 3 and 4, DL subframe are configured on one PCell, while UL subframe is configured on the SCell. These kinds of subframes can be denoted by “conflicting PDCCH subframe”. Meanwhile, subframe 0, 1, 5, 8 and 9 are subframes which are configured as DL subframes on all serving cell. These can be denoted by “consistent PDCCH subframe”. 

Since the location of PDCCH subframe is different on each cell, the first question would be how to count DRX related timers such as drx-InactivityTimer, drx-RetransmissionTimer and onDurationTimer. 
Three different approaches have been proposed to define PDCCH subframe. 

· Approach 1: DRX related timers are counted based on both conflicting PDCCH subframes and consistent PDCCH subframes. Taking Figure 1 as example, except subframe 2, all subframes are considered as PDCCH subframe. 

· Approach 2: DRX related timers are counted based on consistent PDCCH subframes only. Taking Figure 1 as example, subframe 0, 1, 5, 6, 8 and 9 are considered as PDCCH subframe. 
· Approach 3: DRX related timers are counted based on PDCCH subframe of the Pcell. 

Approach 1 might be the simplest approach in the sense that PDCCH subframe is the subframe that the UE can receive PDCCH. However, approach 2 seems more desirable in the sense that this approach achieves the reasonable scheduling chance in any cases. 
First, with the approach 1, the number of PDCCH subframe can be different when the DRX timers start. As shown in Figure 2, drx-RetransmissionTimer starts at subframe 0, there are 4 PDCCH subframes in the PCell assuming the timer value is 4, while 2 PDCCH subframes are included in the SCell. In this case, it would be hard to get enough scheduling chances in the SCell. However, as shown in Figure 2(b), if approach 2 is used, the timer is counted based on subframe 0,1,5 and 6. Therefore, at least 4 PDCCH subframes are included in the active time in any serving cells. In the approach 1, the drx-RetransmissionTimer value can be increased such that enough scheduling chances are achieved in any case. However, the increased timer value is not desirable because it could waste the UE power unnecessarily. Alternatively, it was proposed that drx-RetransmissionTimer is counted based on PDCCH subframe of the serving cell having the corresponding HARQ process [1] with approach 1 to have reasonable scheduling chances on the concerning cell. This approach is also worthwhile to discuss, but it results in that the definition of PDCCH subframe need to change depending on the timer. 
Observation 1: Counting DRX related timer based on consistent PDCCH subframe provides the reasonable scheduling chances regardless of when DRX timer starts. 
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Figure 2: example of using drx-RetransmissionTimer
Secondly, the approach 2 would be beneficial to apply both full-duplex mode and half-duplex mode. Although it is not concluded in RAN1 on how to treat in the conflicting subframe, there are two approaches to decide which direction between DL and UL is selected. The one approach is the semi-static configuration between UL direction only and DL direction only; the other approach is the dynamic configuration based on UL scheduling in which there is UL grant and UL subframe is selected, otherwise DL is selected. In either case, the UE may or may not receive PDCCH in DL subframe if it is conflicting subframe. Especially in the second approach, the existence of actual DL subframe is variable. In order to make sure that there are reasonable scheduling chances given DRX timer value, counting DRX related timer based on consistent PDCCH subframe would be more desirable.. 
Observation 2: Counting DRX related timer based on consistent PDCCH subframe is beneficial to apply to both full-duplex and half-duplex mode
Regarding approach 2, it was concerned that the scheduling chances are missed in the conflicting PDCCH subframes. However, as long as DRX timer is running, this PDCCH subframe is also considered as the Active Time. Therefore, the UE will monitor PDCCH in the conflicting PDCCH subframes and the scheduling chance will not be missed. 
3. Conclusion

Based on the observations discussed in Section 2, we propose that DRX related timers are counted based on the consistent PDCCH subframe only. 
Observation 1: counting DRX related timer based on consistent PDCCH subframe provides the reasonable scheduling chances regardless of when DRX timer starts. 
Observation 2: counting DRX related timer based on consistent PDCCH subframe is beneficial to apply to both full-duplex and half-duplex mode
Proposal: DRX related timers are counted based on the consistent PDCCH subframe only.
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