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1 Introduction

In this paper, we discuss two issues on DRX activation.

2 Issues and Proposals
Issue 1 
	5.7
Discontinuous Reception (DRX)
…
When a DRX cycle is configured, the UE shall for each subframe:

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


The above statement implies that there should be an initial DRX cycle for DRX operation when the DRX functionality is activated. But, it is unclear in the current MAC specification [2] which DRX cycle shall be used when the DRX functionality is activated. Currently there seems no strong factor to support which DRX cycle should be used.

Considering that in priciple the long DRX cycle is used after a longer period of inactivity, maybe it would be a bit more aligned to use the short DRX cycle during the initial period after the DRX functionality is activated, where data transfer is supposed to be in progress.

Proposal 1. When the DRX functionality is activated, the short DRX cycle shall be used if it is configured. Otherwise, the long DRX cycle shall be used.

The initial DRX cycle will be used until end of the initial traffic. So we think there is no need to start the DRX Short Cycle Timer if the short DRX cycle is used as the initial DRX cycle.

Issue 2 

According to the RRC specification [1], the IE drx-Configuration used for DRX functionality is included in IE TransportChannelConfiguration, which is included in IE RadioResourceConfiguration. And the IE RadioResourceConfiguration may be present in the RRCConnectionSetup, RRCConnectionReestablishment, and RRCConnectionReconfiguration messages. Thus the DRX functionality can be configured when the RRC connection is established, re-established, or reconfigured.

Figure 1 shows the message flow of a RRC connection establishment procedure with DRX configuration. According to the performance requirement [1], the UE needs to get the RRCConnectionSetupComplete message ready for transmission within 3 – 10 subframes (FFS) after reception of the RRCConnetcionSetup message on the physical layer. In Figure 1, a performance requirement of 8 subframes is assumed. Within this period the UE needs to finish at least the following actions: decoding the RRCConnetcionSetup message in RRC, configuring the lower layers (including DRX activation), setting and encoding the RRCConnectionSetupComplete message in RRC, and submitting the RRCConnectionSetupComplete message to lower layers for transmission, etc.  


According to the current MAC specification [2], the UE shall start monitoring the PDCCH at the following On Duration period after the DRX functionality is activated since there is no DRX timer running at that time. As a result, when the RRCConnectionSetupComplete message is ready for transmission, it is very likely that the UE is not in the Active Time. So, there is no UL grant available for transmission of the RRCConnectionSetupComplete message. A BSR shall be triggered, which then triggers the Scheduling Request (SR). In Figure 1, we assume a PUCCH for SR is configured. Considering the round trip time from SR transmission to PDCCH detection (4 subframes) and the time between PDCCH detection and PUSCH transmission (4 subframes) [3], additional delay of 8 subframes is needed to transmit the RRCConnectionSetupComplete message. With the strict requirement of LTE C-plane latency (100 ms), we think the additional delay of 8 subframes is unacceptable. Furthermore, if no PUCCH for SR is configured, a random access procedure shall be initiated for Scheduling Request, which will cause more delay.
This delay can be reduced if the UE starts monitoring the PDCCH when the DRX functionality is activated so that the eNB can allocate the UL grant in time for transmission of the RRCConnectionSetupComplete message. As shown in Figure 2, since the UE is required to send the HARQ ACK/NACK at 4th subframe after reception of a PDSCH transmission, suppose the UE should be able to finish decoding of the RRCConnectionSetup message and configure DRX functionality as well as start monitoring PDCCH before this time. Thus, the UE can detect the PDCCH at 4 subframes before the RRCConnectionSetupComplete message is ready so that this message can be transmitted without extra delay.

In Figure 2, we assume a performance requirement of 8 subframes. If the performance requirement is different from 8 subframes, the eNB can adjust the timing of PDCCH transmission to make sure the UE gets the UL grant for transmission of the RRCConnectionSetupComplete message as soon as possible.


A similar situation can occur if the DRX functionality is activated via the RRCConnectionReconfiguration message used for radio bearer establishment. For this situation, in addition to the transmission of the RRCConnectionReconfigurationComplete message, the first data packet transfer will also be delayed if the UE cannot get the UL grant as soon as possible. To reduce the latency of the subsequent message/data packet transfer after DRX functionality activation, we think the UE should start monitoring PDCCH as soon as the DRX functionality is activated. The following potential solutions are proposed:

Proposal 2. 

- Option 1. The UE shall start monitoring PDCCH after DRX functionality activation until the first PDCCH addressed to its C-RNTI is received.
- Option 2. The UE shall start the DRX Inactivity Timer at DRX functionality activation.
The purpose of the above proposal is to put the UE in Active Time so that UE can start monitoring PDCCH and get the UL grant as soon as possible. We think both alternatives are simple and feasible. We don’t have any preference and suggest one of them is adopted.
3 Conclusion
In this paper we discuss two issues on DRX activation and the following proposals are raised:

Proposal 1. When the DRX functionality is activated, the short DRX cycle shall be used if it is configured. Otherwise, the long DRX cycle shall be used.
Proposal 2. 

- Option 1. The UE shall start monitoring PDCCH after DRX functionality activation until the first PDCCH addressed to its C-RNTI is received.
- Option 2. The UE shall start the DRX Inactivity Timer at DRX functionality activation.
We kindly ask the group to discuss them and make decisions.

A draft CR (based on 36.321 v8.2.0) is attached below for reference.
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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 the DRX functionality is activated, the UE shall use the short DRX cycle if it is configured. Otherwise, the long DRX cycle shall be used. /* Proposal 1 */ The UE shall start the DRX Inactivity Timer when the DRX functionality is activated /* Option 2 of Proposal 2 */. 
When a DRX cycle is configured, the Active Time 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 indicating a new transmission 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); or
-
a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after DRX functionality activation. /* Option 1 of Proposal 2*/
When a DRX cycle is configured, the UE shall for each subframe:

-
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, for a PDCCH-subframe except if the subframe is required for uplink transmission for half-duplex FDD UE operation:

-
monitor the PDCCH;

-
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, 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.


























































Figure 2. RRC Connection Establishment with DRX Configuration  – SR not triggered
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Figure 1. RRC Connection Establishment with DRX Configuration – SR triggered
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