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1. Introduction

In RAN2#77, several companies discussed about the DRX operation in inter-band TDD CA [1-4]. In RAN2#77bis, it was discussed first time with the following agreement:

=>
In Rel-10, PDDCH-subframe is common for all serving cells, and used for DRX timer counting and PDCCH monitoring.

=>
In Rel-11, we will have common DRX.

It was also suggested to come with full proposals (with proposed CR) taking into consideration UE supporting half-duplex and full-duplex mode

In this contribution, as in our previous paper [5], we again put forward our view and also propose the CR text for the proposals.
2. Discussion
2.1. Background

In Rel-10, TDD CA supports only intra-band carrier aggregation and hence the same TDD configuration is used for each of the aggregate-able CCs. As the TDD configuration is the same, there is no ambiguity on the definition of the DRX timers (i.e. onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer) that is defined in terms of the PDCCH subframes.

It is indicated in the WI that the support of inter-band carrier aggregation for TDD should also take into consideration of the possibility of different TDD configuration in each CC being aggregated. As a result of this, it is unclear of which PDCCH subframes that these timers need to count and the UE needs to monitor. 
2.2. PDCCH subframe definition

Since the TDD configuration is the same over all serving cells in Rel-10, the PDCCH subframes that are counted for the DRX timers (drx-InactivityTimer, drx-RetransmissionTimer and onDurationTimer) are also the PDCCH subframes that the UE monitors for DL assignment/UL grant. This can be inferred from the definitions below:
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.

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.
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) for as soon as a DL retransmission is expected by the UE.

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

In Rel-11, the TDD configuration for each serving cell may be different. The PDCCH subframes that are counted for DRX timers can be different to the PDCCH subframes that are monitored by the UE. E.g. If PDCCH subframes of PCell is used for DRX timer counting, the UE may monitor a PDCCH subframe on an SCell if a DRX timer is running. From the timer design point of view, there maybe no difference between (the PDCCH subframes monitored = counted) and (the PDCCH subframes monitored ≠ counted). In both cases, different TDD configuration of each serving cell needs to be considered when configuring the timers (particularly drx-InactivityTimer and onDurationTimer) to ensure sufficient scheduling opportunities are provided for the various scheduling serving cell. However, if dynamic factors (e.g. such activation/deactivation of serving cell and transmission directions) are taken into consideration, linking it with only the PCell for counting of DRX timers may not be suitable as the active time related to the DRX timers does not change with those factors and thus increase in battery consumption. Take example the following:
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Example 1
If the DRX timers are based on PCell (and the counting and monitoring can be different) and CC1 is the PCell, the onDurationTimer has to be set to 3 psf so that the DL subframes of CC2 can be part of the scheduling opportunities. If CC2 is deactivated, the UE will still have to monitor an extra DL subframe (1st DL subframe in CC1) in CC1 (if drx-InactivityTimer is set to 0).
Furthermore, it would be good to align with Rel-10 where PDCCH subframes monitored are the same as the PDCCH subframes being counted for the DRX timers (if running).

Proposal#1: Align with Rel-10 where PDCCH subframes monitored are the same as the PDCCH subframes being counted for the DRX timers (if running).

2.3. Solutions

It is assumed that whenever a CC with different TDD configuration to the existing CCs is added for a UE, the DRX configuration (particularly the DRX timers) will be changed to provide scheduling opportunities for the new CC. Likewise, whenever a CC with different TDD configuration with the other CCs is removed, the DRX configuration will be changed to reflect on the need of the remaining CCs. 

Taking Example 1 again: When the UE is with CC1 (PCell), the OnDurationTimer is 4 psf which will covers all the PDCCH subframes of the CC1. However, with CC2 added, the OnDurationTimer has to change to include more PDCCH subframes of the CC2 (e.g. 7 psf to include all PDCCH subframes of CC2) to increase the scheduling opportunities on CC2. 
There are various options mentioned in the various contributions and are listed as follow:

Option 1: PCell [1-2]
Option 2: Union of all the PDCCH subframes of all scheduling CCs [1, 3, 4]
Option 3: Union of the consistent PDCCH subframes of all scheduling CCs [2]
Option 4: Union of all the PDCCH subframes of all activated scheduling CCs [3]
For Option 1, as explained in [1-2] and taking the Example 1 above, many of the DL subframes in CC2 will be missed as the UE will only treat the DL subframes in CC1 as ON-Duration. Hence Option 1 is not a good definition for PDCCH subframes for drx-OnDurationTimer and drx-InactivityTimer.
Option 2 seems like a good choice for drx-OnDurationTimer and drx-InactivityTimer as it ensures that all possible scheduling opportunities in both CC1 and CC2 are considered and this will allow the eNB to flexibly set the 2 DRX timers. However, it was pointed out in [2] that drx-retransmissionTimer will have to be set correctly based on the different configuration in order that the retransmission opportunity is sufficient. One way to resolve this issue is to make the value of drx-retransmissionTimer per CC instead of per UE. In Rel-10, drx-retransmissionTimer is already on the corresponding HARQ process. In Rel-11, extending the value corresponding to the serving cell seems to be quite straight forward except that this will mean higher RRC signalling overhead(i.e. sending multiple drx-retransmissionTimer values). Furthermore, because retransmission is on a per CC basis means that the UE will have to blind decode unnecessary PDCCH on another CC. 
Option 3 takes into consideration when the UE supports half duplex mode. It is unclear currently how RAN 1 is going to handle the subframes in which some CCs are UL subframe while other CCs are DL subframe. If the transmission directions of these subframes are going to change quite dynamically, then it is difficult to decide whether to consider these subframes in the PDCCH subframe definition. Instead of considering them, this option restricts the PDCCH subframes to DL subframes where the transmission direction of all aggregate CCs is consistent and leaving how to deal with these subframes as FFS. In the dynamic case, our understanding is that the subframe period with DL subframes will normally be DL unless UL grant has been scheduled previously during the active time. Therefore all these subframes could still be considered as possible scheduling opportunities by the eNB. So in our view, regardless of the RAN 1 decision on whether the transmission directions of these subframes are going to change semi-statically via RRC message or dynamically, the simplest approach is to consider these subframes as PDCCH subframe definition of the DRX timers. In fact, this is also the case for FDD half duplex UE where UE still count it as PDCCH subframe but only monitor the PDCCH subframe if there is no UL transmission.
Option 4 takes into consideration of the activation/deactivation of each CC. However, the activation status can change dynamically. Like the case if the transmission directions changes dynamically, it is difficult for the eNB to configure the DRX timers. Furthermore, drx-OnDurationTimer and drx-InactivityTimer provides scheduling opportunities for the different CCs. If a CC is deactivated, then there is no need to worry about not providing scheduling opportunities for the CC. Take the same example in Example 1, it still provides the right number of scheduling opportunities for CC1. If it takes activation into consideration, then the ON-Duration will go into 2 radio frames which will increase the UE power wastage if there is no traffic. If there is user traffic, the drx-inactivityTimer will extend the active time of the UE. Hence we do not think the PDCCH subframe definition should consider the activation and deactivation status of a CC.
Based on the above analysis, observations can be summarised as follow:

· Monitoring just the PCell PDCCH subframe is not sufficient if the other CC is also scheduling cell
· Union of all the PDCCH subframes of scheduling cell provides a good baseline for drx-OnDurationTimer and drx-InactivityTimer.

· drx-RetransmissionTimer should monitor and count the PDCCH subframes of the scheduling cell

· Activation and deactivation should not be considered
· For UE supporting half duplex mode, if UL grant is scheduled on a PDCCH subframe of a scheduling cell, it will still be considered as a PDCCH subframe for the DRX timers. 

Hence, it is proposed that:

Proposal#2: For drx-OnDurationTimer and drx-InactivityTimer, the UE shall count and monitor the union of all the PDCCH subframes of scheduling cells.
Proposal#3: For drx-RetransmissionTimer, the UE shall count and monitor the PDCCH subframes of the scheduling cell in which the retransmission is being scheduled.
Proposal#4: For UE supporting half duplex mode, if UL grant is scheduled on a PDCCH subframes of a scheduling cell, it will still be considered as a PDCCH subframe for the DRX timers (i.e. counted as a PDCCH subframe). 

Text proposals are shown in the Annex.
3. Conclusion

It is requested that RAN2 take the following proposals into consideration:
Proposal#1: Align with Rel-10 where PDCCH subframes monitored are the same as the PDCCH subframes being counted for the DRX timers (if running).

Proposal#2: For drx-OnDurationTimer and drx-InactivityTimer, the UE shall count and monitor the union of all the PDCCH subframes of scheduling cells
Proposal#3: For drx-RetransmissionTimer, the UE shall count and monitor the PDCCH subframes of the scheduling cell in which the retransmission is being scheduled.

Proposal#4: For UE supporting half duplex mode, if UL grant is scheduled on a PDCCH subframes of a scheduling cell, it will still be considered as a PDCCH subframe for the DRX timers (i.e. counted as a PDCCH subframe). 
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ANNEX A: Text proposal
The changes are colour coded according to the proposals:

· Proposal 2 is in blue.
· Proposal 3 is in green

· Proposal 4 is in yellow.

----- First change -----

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.

drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) of the scheduling serving cell for as soon as a DL retransmission is expected by the UE.

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.

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,union of all downlink subframes and subframes including DwPTS of the serving 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.

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.

Serving Cell:
A Primary or a Secondary Cell [8].

NOTE: 
A timer is running once it is started, until it is stopped or until it expires; otherwise it is not running. A timer can be started if it is not running or restarted if it is running. A Timer is always started or restarted from its initial value.
------ Second change ------

5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity for the UE’s C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and Semi-Persistent Scheduling C-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the UE is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the UE monitors the PDCCH continuously. When using DRX operation, the UE shall also monitor PDCCH according to requirements found in other subclauses of this specification. RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process), the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle. A HARQ RTT timer per DL HARQ process (except for the broadcast process) is also defined (see subclause 7.7).

When a DRX cycle is configured, the Active Time includes the time while: 

-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the preamble not selected by the UE (as described in subclause 5.1.4).

When DRX is configured, the UE shall for each subframe:

-
if a HARQ RTT Timer expires in this subframe and the data of the corresponding HARQ process was not successfully decoded:

-
start the drx-RetransmissionTimer for the corresponding HARQ process with a value corresponding to the scheduling cell.

-
if a DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer.

-
if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe:

-
if the Short DRX cycle is configured:

-
start or restart drxShortCycleTimer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if drxShortCycleTimer  expires in this subframe:

-
use the Long DRX cycle.

-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
start onDurationTimer.

-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation or for inter-band CA UE supporting half-duplex TDD operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the drx-RetransmissionTimer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):

-
start or restart drx-InactivityTimer.

-
when not in Active Time, type-0-triggered SRS [2] shall not be reported.

-
if CQI masking (cqi-Mask) is setup by upper layers:

-
when onDurationTimer is not running, CQI/PMI/RI/PTI on PUCCH shall not be reported.

-
else:

-
when not in Active Time, CQI/PMI/RI/PTI on PUCCH shall not be reported.

Regardless of whether the UE is monitoring PDCCH or not, the UE receives and transmits HARQ feedback and transmits type-1-triggered SRS [2] when such is expected.

NOTE:
A UE may optionally choose to not send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmissions for up to 4 subframes following a PDCCH indicating a new transmission (UL or DL) received in subframe n-i, where n is the last subframe of Active Time and i is an integer value from 0 to 3. After Active Time is stopped due to the reception of a PDCCH or a MAC control element a UE may optionally choose to continue sending CQI/PMI/RI/PTI reports on PUCCH and/or SRS transmissions for up to 4 subframes. The choice not to send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmissions is not applicable for subframes where onDurationTimer is running and is not applicable for subframes n-i to n.

NOTE:
The same active time applies to all activated serving cell(s).
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