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1. Introduction
This is a follow-up contribution of DRX operation with cell-specific TDD configuration on inter-band CA. There was no issue regarding the definition of PDCCH-subframe when all the serving cells were using the same TDD configuration on inter-band CA. However, after different serving cells are allowed to use different TDD configuration respectively on inter-band CA, an issue has arisen for full and half duplex UE whether the PDCCH- subframe is for counting DRX timers or for monitoring PDCCH in the PDCCH-subframe.
In this contribution, we discuss whether decoupling between counting and monitoring on PDCCH-subframe should be needed and then how we can define the PDCCH-subframe for DRX operation

2. Discussion
2.1. PDCCH-subframe in DRX operation
Until Rel-10 LTE system, it is natural that UE monitors PDCCH in the PDCCH-subframe during active time and the DRX timers are counted in the PDCCH-subframe since TDD configurations for all serving cells are always same in any subframe. However, in Rel-11, decoupling between counting and monitoring usage for PDCCH-subframe should be discussed since different TDD configurations among different serving cells are allowed for inter-band CA.
2.1.1. Full duplex vs. Half duplex UE 
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Figure 1. Scenario for inter-band CA with different TDD UL-DL configurations
Figure 1 shows one of scenario for different TDD configuration for inter-band CA. According to this scenario,a certain subframe is configured as DL in a serving cell and is configured as UL in another serving cell . This type of subframe can be called “conflicting subframe”.

Basically, full duplex UE has no problem to operate transmission and reception in the conflicting subframe. However, half duplex UE can perform only one direction in each conflicting subframe.
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Figure 2. half duplex vs. full duplex
Currently, RAN1 has been discussing how to define the direction for only half duplex UE. Anyway, if the direction in a conflicting subframe is decided to be UL (figure 2: Half duplex), then all DL subframes in the conflicting subframe cannot be used for DL reception in the UE. Therefore, in this case, the conflicting subframe cannot be PDCCH-subframe from the PDCCH monitoring perspective since PDCCH is not contained in the conflicting subframe.
Proposal 1: For half duplex UE, a conflicting subframe is defined as PDCCH-subframe if the direction for a conflicting subframe is decided as DL subframe.
2.1.2. DRX timers 
In current DRX specification, there are three timers which are counted based on PDCCH-subframe as follows.
1) On-duration timer

This timer should be started per DRX cycle starting. It means that on-duration timer can guarantee the minimum occasion to monitor PDCCH periodically. In general, DRX should consider receiving TPC-RNTI and SPS-RNTI scrambled PDCCH as well as C-RNTI scrambled PDCCH. Therefore, minimum occasions to monitor PDCCH on PCell should be guaranteed since TPC-RNTI and SPS-RNTI scrambled PDCCH are transmitted only on common search space in PCell. Consequently, on-duration timer should be counted on the occasions to monitor PDCCH on PCell.

Observation 1: On duration timer should be counted if PCell has a PDCCH monitoring occasion.
2) drx-Inactivity timer

This timer should be started if PDCCH for UL or DL assignment is successfully decoded. Since only C-RNTI scrambled PDCCH can indicate UL or DL assignment, all activated serving cells can have PDCCH occasion. If eNB has intention to send UL or DL user data to an UE, eNB can select any serving cell to transmit PDCCH. Therefore, drx-Inactivity timer should be counted if any serving cell has to monitor PDCCH occasion.
Observation 2: drx-Inactivity timer should be counted if at least one serving cell has PDCCH- monitoring occasion.

3) drx-retransmission timer

If a HARQ RTT timer expires and the data of the corresponding HARQ process is not successfully decoded, drx-retransmission timer of the corresponding HARQ process should be started. The intention of drx-retransmission timer is that occasions to receive retransmission data for the corresponding HARQ process from eNB can be provided. Hence, drx-Inactivity timer should be counted in the PDCCH monitoring occasion only for the serving cell which is related on corresponding HARQ process.
Observation 3: drx-retransmission timer should be counted in the PDCCH monitoring occasion only for the serving cell which is related on corresponding HARQ process.

According to above discussions, each timer has different requirement to monitor PDCCH for serving cell. Therefore,
Proposal 2: Counting rules for the timers based on PDCCH-subframe should be changed in case of different TDD configuration.
In order to keep the current specifications for PDCCH monitoring and counting PDCCH-subframe, we suggest that the PDCCH-subframe should be defined per serving cell.
Proposal 3: PDCCH-subframe should be defined per each serving cell independently.
Proposal 4: RAN2 is asked to discuss introducing new counting rules for PDCCH-subframe based timers.
(1) On duration timer: Counting based on PDCCH-subframe in PCell

(2) drx-inactivity timer: Counting based on PDCCH-subframe in any serving cell

(3) drx-retransmission timer: Counting based on PDCCH-subframe in the serving cell related on HARQ retransmission.
We also provide the CR related on above proposals in [2].
3. Conclusion
RAN2 is kindly requested to agree to the following proposals. 
Proposal 1: For half duplex UE, PDCCH-subframe can be defined regarding the direction for a conflicting subframe.

Proposal 2: Counting rules for the timers based on PDCCH-subframe should be changed in case of different TDD configuration.
Proposal 3: PDCCH-subframe should be defined for each serving cell independently.
Proposal 4: RAN2 is asked to discuss introducing new counting rules for PDCCH-subframe based timers.
(1) On duration timer: Counting based on PDCCH-subframe in PCell

(2) drx-inactivity timer: Counting based on PDCCH-subframe in any serving cell

(3) drx-retransmission timer: Counting based on PDCCH-subframe in the serving cell related on HARQ retransmission.
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