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1. Introduction

During the RAN2#61bis meeting, it was agreed for DRX that the UE shall not report CQI/SRS on PUCCH resources when not in active time. However, based on the current definition of active time, it was understood that the agreement taken were only applicable to FDD operation, and that for TDD the objective was to agree that the UE would use configured PUCCH resources “in any UL subframe part of a frame which overlaps with the active time” ‎[1].

This contribution discusses a possible way forward to resolve this issue as well as a text proposal to TS 36.321 ‎[2]. The intent of the proposed text is to align the current text so that it applies to FDD full duplex (FDD FD) and half duplex (FDD HD) operation as well as to TDD operation, while reflecting the current agreements.
2. Background
The agreement on PUCCH resources (CQI/SRS) and DRX is reflected in section 5.7 of the latest MAC update ‎[2]‎
:

· When not in active time, CQI and SRS shall not be reported. 

Whereas section 3.1 defines active time as follows:

Active Time: time during which the UE monitors the PDCCH.

In addition, some of the DRX-related timers are currently defined based on “consecutive downlink subframes”: the Contention Resolution Timer, the DRX Inactivity Timer, the DRX Retransmission Timer and the On-Duration Timer. In other words, when a timer is running the value of the timer can only be updated in a subframe where a PDCCH resource is configured and for which the UE monitors the PDCCH, although for TDD and for FDD HD operation these timers are considered as running (but are not updated) also during uplink subframes.

Definition of Active Time with TDD and FDD HD operation

Not reporting CQI and SRS when not in active time, combined with the definition of DRX timers and the description of DRX “active time” introduces an issue that is specific to TDD, but also applies to some extent to FDD HD.

More specifically, the UE is active when it monitors the PDCCH; with TDD or FDD HD operation, the UE is thus never active during uplink subframes, as per definition. PUCCH resources for CQI and SRS, if configured, are configured for uplink subframes, for which the UE is consequently “not in active time”. The implication is thus that PUCCH resources would never be used to report CQI and SRS.
Proposal 1: modify the definition of “Active Time” in section 3.1 to also include subframes where no PDCCH resources are configured:

 “Active Time: 
time during which the UE, in subframes where a PDCCH resource is configured, monitors the PDCCH.”

Definition of DRX Timers and FDD HD operation

With respect to DRX and what subframes are considered as downlink subframe:

· for FDD FD, the UE considers all subframes as downlink subframes;

· for FDD HD, the UE assumes that any sub-frame not otherwise required for transmission of uplink data is a downlink subframe ‎[4];

· for TDD, the UE follows a fixed pattern when considering what subframes are downlink subframes.

Considering the current definition of DRX timers, the above implies that:

· for FDD FD and for TDD, the UE always knows when to update the value of a timer that is running;

· for FDD HD, possible error cases (e.g. ACK to NACK error or PDCCH false alarm ‎[3]) means that the UE and the eNB may end up decrementing the value of DRX timers differently and loose synchronization at times.

The latter can be resolved by specifying a fixed pattern for FDD HD operation; however, as explained in ‎[3], there is no additional benefit and the much simpler alternative specification-wise could be instead to redefine the DRX timers so that their behavior becomes independent of the uplink/downlink characteristic of the subframe.

Proposal 2: 
Modify the definition of the Contention Resolution Timer, the DRX Inactivity Timer, the DRX Retransmission Timer and the On-Duration Timer in section 3.1 using a formulation based on “the number of consecutive subframe(s) where a PDCCH resource is configured”.
Use of “downlink subframe” in section 5.7
To ensure that UE behavior for DRX is equally applicable for FDD HD and TDD as well, including when the PUCCH resources are used or not to report CQI/SRS, the wording “downlink subframe” in section 5.7 should be changed, when the intent is to indicate “a subframe for which PDCCH resources are configured” and thus indicates a subframe where it would be possible for the UE to monitor the PDCCH. With this change, DRX operation becomes independent of whether the UE assumes that a subframe is an uplink subframe or not, as according to the current agreements on half-duplex operation ‎[3] this depends on how the UE is scheduled by the eNB.
Proposal 3: replace in section 5.7:

“When a DRX cycle has been configured, the UE shall for each downlink subframe:”

with:
“When a DRX cycle is configured, the UE shall for each subframe with a configured PDCCH resource:”

This change ensures that any possible misinterpretation of the DRX UE behavior for FDD HD, as the UL/DL pattern is not fixed as in TDD operation. It also aligns the UE behavior for DRX between both FDD types of duplex operation.

In addition, noting that the Contention Resolution Timer, the DRX Inactivity Timer, the DRX Retransmission Timer and the On-Duration Timer are all defined based on consecutive downlink subframes, i.e. their value is only possibly updated in a subframe where the UE monitors the PDCCH, a number of occurrences of “downlink” in section 5.7 are in fact redundant and could be removed, i.e. when the intent is to mean that the UE is actually monitoring the PDCCH.
Proposal 4: remove all other occurrences of “downlink” in section 5.7.
PUCCH resources and TDD operation
For TDD, if considering the proposals above where:

· “Active Time” can also include uplink subframes, when necessary conditions listed in section 5.7 are met;

· when running, the Contention Resolution Timer, DRX Inactivity Timer, DRX Retransmission Timer and On-Duration Timer are decremented only for downlink subframes;

This means that in combination with the requirement for transmission on configured PUCCH resources and DRX:

· When not in active time, CQI and SRS shall not be reported. 

The UE can use PUCCH resources for uplink subframes that span over downlink subframes for which the UE is active, and no change is thus needed to the formulation of the requirement.
While our view is that proper DRX configuration can ensure that PUCCH can properly be used by the UE, it is noted that the above requirement can be easily extended to an uplink subframe immediately before or after a subframe in which the UE is active (i.e. downlink TDD subframe) using the following formulation (not proposed but equally acceptable):  

· When not in active time, except for when in a subframe for which no PDCCH resource is configured that is adjacent to a subframe for which the UE monitors the PDCCH, CQI and SRS shall not be reported. 

3. Conclusions
It is proposed that RAN2 discusses and agree on the following proposals:

Proposal 1: modify the definition of “Active Time” in section 3.1 to also include subframes where no PDCCH resources are configured:

 “Active Time: 
time during which the UE, in subframes where a PDCCH resource is configured, monitors the PDCCH.”

Proposal 2: 
Modify the definition of the Contention Resolution Timer, the DRX Inactivity Timer, the DRX Retransmission Timer and the On-Duration Timer in section 3.1 using a formulation based on “the number of consecutive subframe(s) where a PDCCH resource is configured”.

Proposal 3: replace in section 5.7:

“When a DRX cycle has been configured, the UE shall for each downlink subframe:”

with:
“When a DRX cycle is configured, the UE shall for each subframe with a configured PDCCH resource:”

Proposal 4: remove all other occurrences of “downlink” in section 5.7.

A text proposal to TS 36.321 that reflects the above is included below. The intent of the proposed text modifications is to avoid explicit mention of TDD or FDD HD operation within DRX rules, to avoid specifying a fix pattern for FDD HD, as well as to avoid using the wording “uplink” and “downlink” subframes, to remain aligned with the way in which the MAC specification is currently written.
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------------------------------------- Text Proposal to TS 36.321 -----------------------------------------
-------------------------------------------- Sections Omitted ----------------------------------------------
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 during which the UE, in subframes where a PDCCH resource is configured, monitors the PDCCH.

Contention Resolution Timer: Specifies the number of consecutive subframe(s) where a PDCCH resource is configured during which the UE shall monitor the PDCCH after the uplink message containing the C-RNTI MAC control element or the uplink message associated with UE Contention Resolution Identity submitted from higher layer 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 Inactivity Timer: Specifies the number of consecutive subframe(s) where a PDCCH resource is configured during which the UE shall monitor the PDCCH after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE.

DRX Retransmission Timer: Specifies the maximum number of consecutive subframe(s) where a PDCCH resource is configured during which the UE shall monitor the PDCCH for as soon as a DL retransmission is expected by the UE.

DRX Short Cycle Timer: This parameter specifies the number of consecutive subframe(s) the UE shall follow the short DRX cycle after the DRX Inactivity Timer has expired.

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

On Duration Timer: Specifies the number of consecutive subframe(s) where a PDCCH resource is configured during which the UE shall monitor the PDCCH for possible allocations. The On Duration Timer is a part of a DRX Cycle.

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.

Note: When defining On Duration Timer, DRX Inactivity Timer, DRX Retransmission Timer and Contention Resolution Timer, subframes including DwPTS are considered as subframes where the timer, if running, shall be updated.
-------------------------------------------- Sections Omitted ----------------------------------------------
5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that allows it to not continuously monitor the PDCCH. The DRX functionality consists of a Long DRX cycle, a DRX Inactivity Timer, a DRX Retransmission Timer and optionally a Short DRX Cycle and a DRX Short Cycle Timer, all defined in subclause 3.1. When a DRX cycle has been configured, the UE monitors the PDCCH during the Active Time which includes the time while: 

-
the On Duration Timer or the DRX Inactivity Timer or a DRX Retransmission Timer or the Contention Resolution Timer is running; or

-
a Scheduling Request is pending (as described in subclause 5.4.4); or

-
an uplink grant for a retransmission can occur; or

-
a PDCCH addressed to the C-RNTI or Temporary C-RNTI of the UE has not been received after successful reception of a Random Access Response (as described in subclause 5.1.4).

When a DRX cycle is configured, the UE shall for each subframe with a configured PDCCH resource:

-
start the On Duration Timer when  [(SFN * 10) + subframe number] modulo (current DRX Cycle) = DRX Start Offset; 

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

-
start the DRX Retransmission Timer for the corresponding HARQ process.

-
if a DRX Command MAC control element is received:

-
stop the On Duration Timer;

-
stop the DRX Inactivity Timer.

-
if the DRX Inactivity Timer expires or a DRX Command MAC control element is received in this subframe:

-
if the short DRX cycle is configured:


-
start the DRX Short Cycle Timer and use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.
-
if the DRX Short Cycle Timer expires in this subframe:

-
use the long DRX cycle.

-
During the Active Time:

-
monitor the PDCCH;

-
if the PDCCH is successfully decoded:

-
stop the DRX Short Cycle Timer if configured.

-
if the PDCCH indicates a DL transmission:

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

-
stop the DRX Retransmission Timer for the corresponding HARQ process.

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

-
start or restart the DRX Inactivity Timer.

-
if a DL assignment has been configured for this subframe and no PDCCH indicating a DL transmission was successfully decoded:

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

-
When not in active time, [except for when in a subframe for which no PDCCH resource is configured that is adjacent to a subframe for which the UE monitors the PDCCH,] CQI and SRS shall not be reported.
Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.
-------------------------------------------- Sections Omitted ----------------------------------------------
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