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Discussion and decision

1
Introduction

In RAN2#77bis meeting, DRX for different TDD UL/DL configurations was discussed and the agreements for Rel-11 UE were reached [1]. 
	Agreements
1
In Rel-10, PDDCH-subframe is common for all serving cells, and used for DRX timer counting and PDCCH monitoring.
2
In Rel-11, we will have common DRX.
3
Companies are asked to bring complete proposals and CRs (based on the updated running MAC CR) for the next meeting. Both full duplex and half duplex UE should be considered.


During the meeting, a new concept, DRX timer counting and PDCCH monitoring separately, was raised [2].   That is, DRX timer counting and PDCCH monitoring is decoupled.  For example, the DRX timer only counts the PDCCH-subframe in PCell.  When the timer is running, UE needs to monitor PDCCH in the PDCCH-subframe on all configured serving cells.  Since it is the first time to mention this new concept, more study is needed.  Thus, in this contribution, we would like to discuss DRX issue for different UL/DL configurations with this new concept, and furthermore, give our proposal. 

2 Discussion

In the last meeting, the concept of timer counting and PDCCH monitoring separately was proposed in [1]. In addition, some options based on timer counting and PDCCH monitoring together were proposed as well in [2]
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 \* MERGEFORMAT [8].  These proposed options could be categorized into two alternatives below.  Note that the timer we consider here is the per-UE based timer, i.e., drx-InactivityTimer and onDurationTimer. Moreover, in order to cope with cross-carrier scheduling together, we use the term “scheduling cell” instead of using “serving cell”.
Alt 1: Timer counting and PDCCH monitoring together

Option 1-1: Union of the configured scheduling cells [3]
Option 1-2: Union of the activated scheduling cells [4]
Alt 2: Timer counting and PDCCH monitoring separately

Option 2-1: Timer counting based on PCell; PDCCH monitoring on the union of the configured scheduling cells. [2]
Since the PDCCH monitoring on a scheduling cell is under the control of activation/deactivation operation in Rel-10, the actually PDCCH monitoring on a scheduling cell for all above options still needs under the activation/deactivation operation.  Therefore, the main difference between Option 1-1 and Option 1-2 is only the timer counting. If the timer takes the activation/deactivation of SCells into account, timer counting may become more complex. This is because when a UE receives an activation/deactivation command, it needs 8 ms to activate or deactivate an SCell(s). From spec point of view, there would be some work to preclude the subframe for timer counting during the activation/deactivation period.  In addition, the main issue discussed in this contribution is whether or not timer counting and PDCCH monitoring are together.  Based on Alt. 1 more companies proposed Option1-1 and based on Alt. 2 one company proposed Option 2-1 in the last meeting.  For simplicity of discussion between Alt. 1 and Alt. 2, we would focus on Option 1-1 and Option 2-1.

The HARQ timing for different TDD UL/DL configurations is still under RAN1 discussion. So far, RAN1 agreed that for the full-duplex UE, the HARQ timing may depend on PCell, SCell or another TDD UL/DL configuration.  However, for the half-duplex UE, the HARQ timing and transmission direction is still not decided completely yet. But from RAN1 email discussion, it seems that only two options are possible: the transmission direction of a half-duplex UE is based on PCell or is based on eNB determination.  Therefore, in the following, we discuss the full-duplex mode and the half duplex mode based on the current RAN1 status.  

Four aspects for Option 1-1 and Option 2-1 are discussed in this contribution: Energy saving vs. Schedulable subframes; Monitored subframes vs. Timer; Activation/Deactivation impact; and SPEC impact (possible CR). 
Energy saving vs. Schedulable subframe
For full duplex mode, from UE point of view, the timer is the minimum number of subframes on which UE needs to monitor PDCCH.  As a result, it is related to the how much energy a UE can save.  From network point of view, the timer is the maximum number of subframes on which network can schedule data.  If timer counting and PDCCH monitoring are together, it is easy for the network to determine the value of the timers.   Oppositely, for timer counting and PDCCH monitoring separately, the subframes of PDCCH monitoring may be more or fewer than the timer.  Network may have more complexity to determine the timer in order to make sure that UE can have energy saving and network can have enough schedulable subframes. 
For Option 1-1 in half duplex mode, the number of schedulable subframe may be fewer than the timer (based on the transmission direction decided by RAN1).  However, eNB can be aware this case and assigns the proper timer for a half duplex UE. 
Observation 1:  From network point of view, Option 1-1 is simpler.

Monitored subframes vs. Timer (regarding the configured cells as activated cells for simplicity)
The relation between the number of monitored subframes and the value of the timer is listed below: 
	Option 1-1
	Option 2-1

	Full duplex: 

Timer counting: Union of the configured scheduling cells

PDCCH monitoring: Union of the configured scheduling cells

( The number of monitored subframes is the same as Timer.

Half duplex with transmission direction based on PCell

Timer counting: Union of the configured scheduling cells

PDCCH monitoring: PDCCH-subframe based on PCell

( The number of monitored subframes is fewer than Timer.
Half duplex with transmission direction based on  eNB determination

Timer counting: Union of the configured scheduling cells

PDCCH monitoring: subframe determined by eNB

( The number of monitored subframes may be fewer than Timer.
	Full duplex: 

Timer counting: Based on PCell

PDCCH monitoring: Union of configured scheduling Cells

(The number of monitored subframes is more than Timer.
Half duplex with transmission direction based on PCell

Timer counting: Based on PCell

PDCCH monitoring: Based on PCell

( The number of monitored subframes is the same as Timer.
Half duplex with transmission direction based on  eNB determination

Timer counting: Based on PCell

PDCCH monitoring: subframe determined by eNB

( The number of monitored subframes may not be related to the Timer directly.



For Option 1-1, the number of monitored subframes may be fewer than timer especially for half duplex mode. However, eNB is able to be aware this situation and can determine the timer properly.  For Option 2-1, the number of monitored subframes may be more than the timer or not related to the timer directly.  In addition, the number of monitored subframes may change when a cell is configured or de-configured. From network point of view, eNB should take the value of timer into consideration when eNB configures or de-configures a scheduling cell in order to save the UE energy.
Observation 2:  From network point of view, Option 1-1 is easier for eNB to configure the timer.
Activation/Deactivation Operation

For Option 1-1 and Option 2-1, the activation/deactivation operation only affects the PDCCH monitoring. That is, the timer counting is not affected by the activation/deactivation operation. Hence, the activation/deactivation operation does not affect the timer counting but PDDCH monitoring. 
Observation 3:  The activation/deactivation operation does not affect the timer counting but PDDCH monitoring.
SPEC impact (possible CR)
Option 1-1: (Modification is marked by yellow)
	PDCCH-subframe definition (36.321)

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

PDCCH-subframe: Refers to a subframe with PDCCH on any configured scheduling cells 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 on any configured scheduling cells. 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.

Timer per UE

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.

onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.
Timer per HARQ process

drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL retransmission is expected by the UE.
5.7
Discontinuous Reception (DRX)
-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;


For Option 1-1, it seems no big change is needed. In addition, the PDCCH-subframe is still considered per UE, i.e., it is as the same as Rel-10.  As for half duplex mode, no change is needed. Although some subframes is counted for timer but not for PDCCH monitoring, eNB can realize this situation when eNB determines the timer.
Option 2-1: (Modification is marked by yellow)
	PDCCH-subframe definition (36.321)

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

PDCCH-subframe of a serving cell: 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.

Timer per UE

drx-InactivityTimer: Specifies the number of consecutive PDCCH-subframe(s) of PCell after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE.

onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) of PCell at the beginning of a DRX Cycle.
Timer per HARQ process

drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) of the scheduling cell for as soon as a DL retransmission is expected by the UE.
5.7
Discontinuous Reception (DRX)
-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;


In Rel-10, the PDCCH-subframe definition can be regarded as per UE since the TDD UL/DL configuration for all serving cells are the same. For Option 2-1, the PDCCH-subframe definition is changed from per UE to per serving cell.  The drx-InactivityTimer and onDurationTimer is counted based on PCell.  However, the drx-RetransmissionTimer should be counted based on the corresponding scheduling cell since it is per HARQ process.  With these changes, it is still backward compatible. As for half duplex mode, the transmission direction only affects the PDCCH monitoring rather than the timer counting.  Again, eNB can realize this situation when eNB determines the timer.
Observation 4:  For Option 2-1, the PDCCH-subframe definition is changed from per UE to per serving cell. 
Observation 5:  From SEPC point of view, Option 1-1 is simpler.
Summary of the four aspects is listed below: 
	
	Option 1-1:
Union of the configured scheduling cells. 
	Option 2-1:
Timer counting based on PCell; PDCCH monitoring on all union of the configured scheduling cells.

	Full duplex
	Monitored subframes vs. Timer
	Monitored subframes are the same as Timer.
	Monitored subframes are more than Timer.

	
	Energy saving vs. Schedulable subframe
	From network point of view, it is simpler to determine the timer value.
	From network point of view, it is not simpler to determine the timer value.

	
	Activation/Deactivation
	Only impact on PDCCH monitoring
	Only impact on PDCCH monitoring

	
	SPEC impact
	PDCCH-subframe definition is per UE. 
	PDCCH-subframe definition is per scheduling cell. 

	Half duplex
	Monitored subframes vs. Timer
	Transmission direction  determined by PCell:

Monitored subframes are fewer than Timer.
Transmission direction determined by eNB:

Monitored subframes may be fewer than Timer.
	Transmission direction determined by PCell:

Monitored subframes are the same as Timer.
Transmission direction determined by eNB:

Monitored subframes may not be related to the Timer directly.

	
	Energy saving vs. Schedulable subframe
	From network point of view, it is simpler to determine the timer value.
	From network point of view, it is not simpler to determine the timer value.

	
	Activation/Deactivation
	Only impact on PDCCH monitoring
	Only impact on PDCCH monitoring

	
	SPEC impact
	PDCCH-subframe definition is per UE. 
	PDCCH-subframe definition is per scheduling cell. 


From the above analysis, it seems Option 1-1 is simpler than Option 2-1. So we propose that Option 1-1 is chosen as the baseline. 
Proposal 1: Suggest that RAN2 agree on Option1-1, union of the configured scheduling cells for timer counting and PDCCH monitor.
3 Conclusions

In this contribution, we have the following proposal:
Proposal 1: Suggest that RAN2 agree on Option1-1, union of the configured scheduling cells for timer counting and PDCCH monitor.
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5 Appendex

Current SPEC [10]: 

	PDCCH-subframe definition (36.321)

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

Timer per UE

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.

onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.
Timer per HARQ process

drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL retransmission is expected by the UE.
5.7
Discontinuous Reception (DRX)
-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;
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