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1. Introduction

In the current MAC, when DRX is configured and even an ACK is received for a UL transmission, UE still have to keep awake in all following retransmission opportunities until the maximum transmission time is achieved because an uplink grant for a pending HARQ retransmission may occur. In this document, we discuss the power saving issue when DRX is configured.

2. Discussion
2.1  Evaluation
Let’s consider VoIP service as an example. Assumed that DRX and SPS are both configured and the periodicity is 20ms and the maximum number of HARQ transmission = 5. 
If radio condition is quite good, most of the first UL transmissions would be successful. Then it means that UE is able to keep awake in about 1/20 of whole time in general. However, in the current DRX operation, UE shall still keep awake in all following retransmission opportunities even if an ACK is received (please check reference section below) and this means that UE shall always keep awake in about 5/20 (i.e. 1/4) of whole time. It looks the power saving is not efficient.

So for the purpose of power saving, we propose to allow UE not to monitor all retransmission opportunities. And we discuss two methods below to achieve this intention.
2.2  Way forward 1 – UE side
Please refer to Fig. 1 as an example. In the current DRX operation, UE has to keep awake at T1~T4 even if an ACK is received after the first transmission. After considering the above proposal, for example, UE can only keep awake at T1 and T2 and no longer consider that an uplink grant for a pending HARQ retransmission can occur in the following. Hence the power consumption can be saved greatly! (i.e. roughly from 5/20 to 3/20 of whole time)
Here a new state variable CURRENT_PENDING_NB is used to count the current pending times. When the variable reachs the maximum number of pending times, the HARQ buffer of the UL transmission is flushed. The maximum number of pending times in Fig. 1 is set to 2.
Someone may comment that this issue can be solved by reducing the maximum number of HARQ transmission but we think this would increase the data missing rate when several/many HARQ retransmissions are really needed under the poor radio condition.
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Fig. 1: UE side approach
2.3  Way forward 2 – network side

Besides a UE side approach mentioned in 2.2, network side approach is also feasible. One special PDCCH signalling can be defined for eNB to inform UE to stop the monitoring of PDCCH for the UL transmission. When UE receive the special signalling, the possible action of UE is to flush the HARQ buffer of the corresponding UL transmission. Then UE won’t monitor the PDCCH for the UL transmission in the following.
The concept of this method is a little like DRX Command MAC Control Element to stop the following PDCCH monitoring to save some UE power when network is sure that no more transmission is needed in the following. Fig. 2 is an illustration for reference.
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Fig. 2: network side approach
3. Conclusion
In this document, we discuss the power saving issue for UL transmission when DRX is configured and propose two possible methods to allow UE that not all retransmission opportunities have to be monitored.

A draft text proposal of UE side approach is attached in the end.
Reference

5.7
Discontinuous Reception (DRX)

[…]

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 (as described in subclause 5.1.5) is running; or

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

-
an uplink grant for a pending HARQ retransmission can occur; 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 explicitely signaled preamble (as described in subclause 5.1.4).

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

[…]

Text proposal of UE side approach on 36.321 v8.4.0

5.4.2.2
HARQ process

Each HARQ process is associated with a HARQ buffer.

Each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer, and a state variable HARQ_FEEDBACK, which indicates the HARQ feedback for the MAC PDU currently in the buffer, and a state variable CURRENT_PENDING_NB when DRX is configured, which indicates the number of pending times that have taken place for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

The sequence of redundancy versions is 0, 2, 3, 1. The variable CURRENT_IRV is an index into the sequence of redundancy versions. This variable is up-dated modulo 4.

New transmissions and adaptive retransmissions are performed on the resource and with the MCS indicated on PDCCH, except for new transmissions of Msg3 which are performed according to UL grant in Random Access Response. Non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt,

The UE is configured with a Maximum number of HARQ transmissions, a Maximum number of Msg3 HARQ transmissions and a Maximum number of pending times by RRC. For transmissions on all HARQ processes and all logical channels except for transmission of a MAC PDU stored in the Msg3 buffer, maximum number of transmissions shall be set to Maximum number of HARQ transmissions. For transmission of a MAC PDU stored in the Msg3 buffer, maximum number of transmissions shall be set to Maximum number of Msg3 HARQ transmissions.

When the HARQ feedback is received for this HARQ process:

-
set HARQ_FEEDBACK to the received value.

If the HARQ entity requests a new transmission, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 
-
set CURRENT_PENDING_NB to 0;
-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
store the uplink grant received from the HARQ entity;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

If the HARQ entity requests a retransmission, the HARQ process shall:

-
increment CURRENT_TX_NB by 1;

-
if the HARQ entity requests an adaptive retransmission:
-
set CURRENT_PENDING_NB to 0;
-
store the uplink grant received from the HARQ entity;

-
set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ information;

-
set HARQ_FEEDBACK to NACK;

-
generate a transmission as described below.

-
else if the HARQ entity requests a non-adaptive retransmission:

-
if HARQ_FEEDBACK = NACK; or

-
if TTI bundling is configured and CURRENT_TX_NB is less than TTI_BUNDLE_SIZE:
-
set CURRENT_PENDING_NB to 0;
-
generate a transmission as described below.
-
else:
-
increment CURRENT_PENDING_NB by 1.
NOTE:
When receiving a HARQ ACK alone, the UE keeps the data in the HARQ buffer.

NOTE:
When no UL-SCH transmission can be made due to the occurrence of a measurement gap, no HARQ feedback can be received and a non-adaptive retransmission follows.

To generate a transmission, the HARQ process shall:

-
if there is no measurement gap at the time of the transmission or if the MAC PDU was obtained from the Msg3 buffer:

-
instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;

-
increment CURRENT_IRV by 1;

-
if there is a measurement gap at the time of the feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:

-
set HARQ_FEEDBACK to ACK.

The HARQ process shall:

-
if CURRENT_TX_NB = maximum number of transmissions - 1 or CURRENT_PENDING_NB = maximum number of pending times:

-
flush the HARQ buffer;

The HARQ process may:

-
if CURRENT_TX_NB = maximum number of transmissions - 1; and

-
if the last feedback received (i.e., the feedback received for the last transmission of this process) is a HARQ NACK except for the transmission of a MAC PDU stored in the Msg3 buffer:

-
notify the relevant ARQ entities in the upper layer that the transmission of the corresponding RLC PDUs failed.
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