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1. Introduction
This contribution discusses the handling of UL data in DRX. In particular, the paper discusses PUCCH resources, scheduling requests (SR) and random accesses.
With the assumption that the UE can always use its assigned PUCCH resources and PRACH even when in DRX, the paper suggests that:

· the UE resumes monitoring/decoding the PDCCH for a period of time when:

· the UE sends a preamble for random access;

· the UE sends a SR using  PUCCH resources;

· this  period of time is based on the DRX Inactivity Timer:
The following sections provide more details on our reasoning, as well as a text proposal to TS 36.321.

2. Discussion
Scheduling Requests and PUCCH

It is our assumption that PUCCH resources for SR, CQI and HARQ can only be (re)configured by RRC, i.e. PUCCH resources are never implicitly revoked based on a binding with DRX inactivity.
It has been previously agreed that when DRX is configured, CQI reports can only be sent by the UE during the “on-duration”‎ ‎[2]. It is our assumption that PUCCH resources assigned to a UE can always be used by the UE for SR irrespective of DRX; otherwise this could increase the use of PRACH.
When the UE sends a scheduling request, it should start monitoring/decoding PDCCH for a certain period of time, i.e the UE should start a timer.
Proposal 1: 
The UE starts a timer when it sends an SR using PUCCH, and monitors/decodes PDCCH at least until the timer expires.
Random Access and PRACH
It is our assumption that the UE can always make a random access on PRACH using the first available RACH opportunity, irrespective of DRX. When the UE makes a random access, it must start monitoring/decoding the PDCCH after having sends the preamble.
Proposal 2: 
The UE starts a timer when it sends the preamble for a random access using PRACH, and monitors/decodes PDCCH at least until the timer expires.
The above covers the case where the random access procedure is triggered by a scheduling request.
Our view is that for both proposals above, the amount of time the UE  monitors/decodes PDCCH should be explicitly bounded. Although we do not have a strong opinion, we believe that the configured value of the DRX Inactivity Timer is a suitable timer for this, i.e. the UE should start or restart the DRX Inactivity Timer. This is further discussed below.
How long should the UE monitor/decode PDCCH?

There are a number of alternatives for how long the UE should monitor/decode PDCCH after it sends a SR using PUCCH resources or a preamble for a random access using PRACH. The UE could monitor/decode PDCCH continuously for each TTI:
· until it successfully decodes PDCCH;

· until it reports empty buffers;
· for a period of time, either one of:

· a configured period of time (e.g. using  a new DRX parameter);

· a period of time based on existing DRX parameters:
· e.g. DRX Inactivity timer;
· e.g. DRX On Duration;
· e.g. a combination of both DRX Inactivity Timer and DRX On Duration;
Monitoring/decoding PDCCH until it is successfully decoded or until the UE reports empty buffers has the drawback that there is no clear boundary, under which time the UE cannot go in DRX. In case the UE has a constant stream of data arriving in its buffers, it cannot go to sleep until all data is served; this would lead to a less efficient DRX operation, without any clear benefit.
Monitoring/decoding PDCCH for a bounded period of time allows the eNB to control the UE behavior more efficiently, based on DRX configuration. The most flexible approach would be to introduce a new configurable parameter, while a suitable alternative is to reuse existing parameters.

Proposal 3: 
In proposals 1 and 2 above, the UE starts (or restarts) the inactivity timer and monitors/decodes PDCCH at least until the timer expires.

Transitions between Long DRX Cycle and Short DRX Cycle (if configured)

It is our assumption that the long and the short (when configured) DRX cycles are derived from the same starting point (at subframe granularity) based on the SFN, and that the periodicity of their respective On Duration period from that starting point is independent of each other.

The MAC specification describes implicit rules for the transition between the short and the long DRX cycles, when the Short DRX Cycle is configured. A transition to the long cycle is performed when the DRX Short Cycle Timer expires. A transition from the long cycle to the short cycle is performed when the DRX Inactivity Timer expires, i.e. after PDCCH was successfully decoded during the On Duration period for an initial transmission and after a period of inactivity.
Because the UE can use PUCCH-SR or PRACH at the first possible occasion independently of its DRX cycle, this occasion could be anytime within the long DRX period. When a short cycle is configured, the current definition should apply in this case as well: the UE uses the short cycle when the DRX Inactivity Timer expires.

Proposal 4: 
The UE shall use the Short DRX Cycle when the DRX Inactivity Timer expires (as with the current definition) when the timer is started from sending either SR using PUCCH or preamble for random access using PRACH.

3. Conclusion
It is proposed that RAN2 discusses the proposals listed in this contribution:

Proposal 1: 
The UE starts a timer when it sends an SR using PUCCH, and monitors/decodes PDCCH at least until the timer expires.
Proposal 2: 
The UE starts a timer when it sends the preamble for a random access using PRACH, and monitors/decodes PDCCH at least until the timer expires.
Proposal 3: 
In proposals 1 and 2 above, the UE starts (or restarts) the inactivity timer and monitors/decodes PDCCH at least until the timer expires.

Proposal 4: 
The UE shall use the Short DRX Cycle when the DRX Inactivity Timer expires (as with the current definition) when the timer is started from sending either SR using PUCCH or preambule for random access using PRACH.

A text proposal to TS 36.321 ‎[2] that reflects the above proposal is included below.
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------------------------------------- Text Proposal to TS 36.321 -----------------------------------------

------------------------------------------- Sections Omitted -----------------------------------------------

5.7
Discontinuous Reception (DRX)

The UE may be configured [by RRC/MAC] with a DRX functionality that allows it to stop monitoring PDCCH during some period of time.

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 shall for each TTI:
-
Whenever a new DRX Cycle begins (long or short), the On Duration Timer is started.

-
If a DL assignment has been configured for this TTI start the HARQ RTT Timer.

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

-
UE shall start the DRX Retransmission Timer for the corresponding HARQ process

-
If the UE sends a preamble for the random access procedure or a scheduling request using PUCCH:
-
the DRX Inactivity Timer is restarted.

-
the UE shall monitor the PDCCH;
-
If the On Duration Timer or DRX Inactivity Timer or any DRX Retransmission Timer is running; or 
-
if an UL grant for a retransmission can occur:

-
UE shall monitor the PDCCH;
-
if the PDCCH is successfully decoded:
-
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 On Duration Timer or DRX Inactivity Timer is running and 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 TTI and no PDCCH indicating a DL transmission was successfully decoded:

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

-
If the DRX Inactivity Timer expires in this TTI:
-
if the short DRX cycle is configured:

-
start DRX Short Cycle Timer if configured;

-
use the short DRX cycle; if configured 
-
else use the long DRX cycle.

-
If DRX Short Cycle Timer or the On Duration Timer expires in this TTI:

-
use the long DRX cycle.

-
If HARQ RTT Timer expires in this TTI:

-
UE shall start or restart the DRX Retransmission Timer.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.
Editor’s note: When the HARQ RTT Timer exactly starts with respect to the On Duration is FFS

Editor’s note: The UE behaviour in case both the On Duration and the DRX Inactivity Timers expire in the same TTI is FFS.
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