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1 Introduction

In RAN2 #77bis meeting, DRX operation for cell-specific TDD configuration was discussed for the first time. During the discussion, it was agreed that the common DRX operation defined in Rel-10 is also applied in Rel-11. However, the detailed method to support DRX operation has not been fully discussed because the discussion was diverged due to the different assumption on possible solutions. Therefore, it was recommended bring a complete proposal with a draft CR. Based on the recommendation, we provide our proposal and corresponding draft CR to support DRX operation for  cell-specific TDD configuration. 
2. Discussion on DRX operation
Three different approaches have been proposed how to count DRX related timer. 
· 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 subframes 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. 
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 to follow the direction of PCell; 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
Based on the observations discussed in Section 2, we propose that DRX related timers are counted based on the consistent PDCCH subframe only. In order to support the consistent PDCCH subframe based approach, some modification is required in MAC specification and it is discussed in Section 3 in more detail. 
3. Possible modification in MAC specification
3.1 PDCCH subframe
In Rel-10, there is no description whether PDCCH subframe is per UE or per serving cell. One can presume that PDCCH subframe is per UE, however there is no need to distinguish whether it is per UE or per serving cell because the same TDD configuration is configured for multiple serving cells which means the multiple serving cells have same PDCCH subframes in multiple serving cells. 
In Rel-11, if cell specific TDD configuration is configured, the pattern of downlink subframe and subframe including DwPTS may be different in each serving cells. To support this case, it is desirable to define that PDCCH subframe is per a serving cell. More specifically, the following change is proposed. 
	PDCCH-subframe: Refers to a subframe with PDCCH or, for an RN with R-PDCCH configured and not suspended, to a subframe with R-PDCCH. For FDD UE operation, this represents any subframe; for TDD, only downlink subframes and subframes 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. When TDD configuration is different for serving cells, PDCCH-subframe is defined per serving cell and PDCCH subframe of a specific serving cell is defined as downlink subframe and subframe including DwPTS of the serving cell.


3.2 DRX related timer
As discussed in Section 2, it is more desirable to count DRX related timer based on the consistent PDCCH subframes. To support this consistent based PDCCH subframes, the definition of DRX related timers need to be changed such that the considered PDCCH subframe in counting timer is PDCCH-subframe common for all serving cells. 
	drx-InactivityTimer: Specifies the number of consecutive PDCCH-subframe(s) after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE. When TDD configuration is different for serving cells, PDCCH-subframe common for all serving cells in a subframe is considered as PDCCH-subframe for counting the number of consecutive PDCCH-subframe(s).  
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL retransmission is expected by the UE. When TDD configuration is different for serving cells, PDCCH-subframe common for all serving cells in a subframe is considered as PDCCH-subframe for counting the number of consecutive PDCCH-subframe(s).
onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle. When TDD configuration is different for serving cells, PDCCH-subframe common for all serving cells in a subframe is considered as PDCCH-subframe for counting the number of consecutive PDCCH-subframe(s).


3.3 DRX operation
No change is required in DRX operation because PDCCH monitoring by the UE is cell-specific and the assumption that the active time applies to all activated serving cell(s) is still valid even if the definition of PDCCH subframe and DRX related timer has changed. 
4. Conclusion
We propose the draft CR included in Annex to support DRX operation for cell-specific TDD configuration.
Annex: draft CR
3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Active Time: Time related to DRX operation, as defined in subclause 5.7, during which the UE monitors the PDCCH in PDCCH-subframes.

mac-ContentionResolutionTimer: Specifies the number of consecutive subframe(s) during which the UE shall monitor the PDCCH after Msg3 is transmitted.
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 3.1-1 below). 
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Figure 3.1-1: DRX Cycle

drx-InactivityTimer: Specifies the number of consecutive PDCCH-subframe(s) after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE. When TDD configuration is different for serving cells, PDCCH-subframe common for all serving cells in a subframe is considered as PDCCH-subframe for counting the number of consecutive PDCCH-subframe(s).  
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL retransmission is expected by the UE. When TDD configuration is different for serving cells, PDCCH-subframe common for all serving cells in a subframe is considered as PDCCH-subframe for counting the number of consecutive PDCCH-subframe(s).
drxShortCycleTimer: Specifies the number of consecutive subframe(s) the UE shall follow the Short DRX cycle.
drxStartOffset: Specifies the subframe where the DRX Cycle starts.

HARQ information: HARQ information consists of New Data Indicator (NDI), Transport Block (TB) size. For DL-SCH transmissions the HARQ information also includes HARQ process ID. For UL-SCH transmission the HARQ info also includes Redundancy Version (RV). In case of spatial multiplexing on DL-SCH the HARQ information comprises a set of NDI and TB size for each transport block.

HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL HARQ retransmission is expected by the UE.

Msg3: Message transmitted on UL-SCH containing a C-RNTI MAC CE or CCCH SDU, submitted from upper layer and associated with the UE Contention Resolution Identity, as part of a random access procedure.
onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle. When TDD configuration is different for serving cells, PDCCH-subframe common for all serving cells in a subframe is considered as PDCCH-subframe for counting the number of consecutive PDCCH-subframe(s).
PDCCH: Refers to the PDCCH [7] or, for an RN with R-PDCCH configured and not suspended, to the R-PDCCH. 

PDCCH-subframe: Refers to a subframe with PDCCH or, for an RN with R-PDCCH configured and not suspended, to a subframe with R-PDCCH. For FDD UE operation, this represents any subframe; for TDD, only downlink subframes and subframes 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. When TDD configuration is different for serving cells, PDCCH-subframe is defined per serving cell and PDCCH subframe of a specific serving cell is defined as downlink subframe and subframe including DwPTS of the serving cell.
PRACH Resource Index: The index of a PRACH within a system frame [7]

ra-PRACH-MaskIndex: Defines in which PRACHs within a system frame the UE can transmit a Random Access Preamble (see subclause 7.3).
RA-RNTI: The Random Access RNTI is used on the PDCCH when Random Access Response messages are transmitted. It unambiguously identifies which time-frequency resource was utilized by the UE to transmit the Random Access preamble.
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