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1. Introduction
In the last RAN2 meeting [1], following agreements on DRX are reached:

Agreements:

1.
The unit of Onduration and drx-inactivity is numerology independent and based on ms.  The minimum value can be less than 1ms.  The values are FFS.

2.
The long and short DRX cycles should be in ms.  

3.
FFS if HARQ RTT can or should be derived from dynamically signalled K parameters over DCI or if HARQ RTT is configured by RRC 

4.
HARQ RTT and DL/UL retransmission timers are dependent on numerology of corresponding scheduled transmission (FFS whether it is PDCCH/PUSCH/PDSCH).  The actual unit is FFS (e.g. PDCCH monitoring occasions, number of slots/PDCCH slots, ms (last resort), etc.)

5.   As in LTE, include functionality related to the MAC CEs DRX Command and Long DRX Command
Based on the agreements, DRX command and long DRX command will be reused in NR.

DRX functionality on MAC layer controls the UE’s PDCCH monitoring activity on time domain. If DRX is configured, the MAC would monitor the PDCCH discontinuously using a configured DRX pattern. The UE will monitor the PDCCH during Active Time which includes the time while:
-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or drx-ULRetransmissionTimer or mac-ContentionResolutionTimer is running; or

-
a Scheduling Request is sent on PUCCH and is pending; or
-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer for synchronous HARQ process; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity.
In this contribution, we will discuss details in DRX operation for further power saving by minimizing the duration of Active Time, especially focusing on the handling of DRX timers (e.g. the start and restart of the inactivity timer) and impact of SR transmission as highlighted above.
2. Discussion
2.1. DRX timers
drx-InactivityTimer specifies how long UE should remain ‘ON’ after the reception of a PDCCH indicates a new transmission. When this timer is on UE remains in ‘ON state’ which may extend UE ‘ON’ period into the period which is ‘OFF’ period otherwise. drx-InactivityTimer is used to prohibit the UE going into ‘OFF’ period immediately receiving a PDCCH for new transmission. Suppose the network tries to provide a large amount of data at the end of the On Duration period, the UE will go to the OFF period at the expiration of the onDurationTimer, even further scheduling is expected. The remaining data won’t be scheduled until the next On Duration period.
In NR, UL transmission without uplink grants, a.k.a. grant-free source, is supported where a configured resource occurs periodically. The UE can receive or transmit at the given subframe or slot according to the configured resource without receiving PDCCH order each time. The periodic grant-free resource is configured if the UE has service of predictable communication like voice, or delay sensitive service like URLLC. The size and periodicity of the configured resource should be well suited to the characteristics of the underlie service. For example, the VoIP packet usually are sent every 20ms with a fixed packet size. Therefore, the UE can fully rely on the grant-free resource for these types of services, without dynamic scheduling. As a consequence, the UE doesn’t need to be awake by starting or restarting a drx-InactivityTimer after the transmission of the packet on the grant-free resource, as in LTE.

According to the agreement captured in RAN2#97bis below [2], the description on drx-InactivityTimer for GF transmission is not correct although it was stated as in LTE. Hence we propose to update the agreement as “Like in LTE, DRX behaviour with SPS UL should be not to restart inactivity timer when UL data is transmitted, and not to restart when SPS UL grant is not used.”
-
Working assumption:  Like in LTE, DRX behaviour with SPS UL should be to restart inactivity timer when UL data is transmitted, and not to restart when SPS UL grant is not used.  This behaviour depends on outcome of DRX design.

Proposal 1: drx-InactivityTimer does not need to be start/restarted for each grant-free transmission.

2.2. Impact of SR transmission

As specified in TS36.321, the UE keep ‘ON state’ if a SR is transmitted on PUCCH and is pending, since the UE is expected to receive scheduled resource upon the transmission of the SR. However, extra PDCCH monitoring power consumption is foreseen as illustrated in Figure 1:
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Figure 1 UE Active Time due to pending SR

It can be seen from Figure 1 that the UE will keep awake if a SR is transmitted and extra PDCCH monitoring period occurs, if SR is triggered and transmitted during inactive timer. As in LTE, SR will be triggered due to pending BSR and BSR is triggered due to arrival of new data at logical channel of higher priority or due to expiration of specific BSR timers. If the data in the buffer is of delay-tolerate, there is no need to request a scheduling immediately. For these delay-tolerate services, the UE can wait until the ON Duration period occurs to trigger or transmit the SR. Then no extra Active Time is needed.  Furthermore, DRX cycle is configured according to the service pattern and service requirements of the UE. The length of the OFF period between two periodic ON states should not be longer than the max delay the service can tolerate. Moreover, supposing that there is DL data arriving at the network, the network has to postpone the DL transmission scheduling to the nearest ON Duration period. To align the DL and UL operation, there is no need to send a SR during inactive period and force the UE to wake up for the potential scheduling. RAN2 could consider two options for the prevention of SR transmission: SR should not be triggered or transmitted during Inactive Time.
Proposal 2: For delay-tolerate services, consider the following two options to reduce SR transmissions, in order to reduce the power consumption:

· Option 1: SR is not triggered during Inactive Time.

· Option 2: SR is not transmitted during Inactive Time.

3. Conclusion
In this contribution, we discussed DRX operation for grant-free transmission and for a further power saving mechanism by minimizing the duration of Active Time. We have the following proposals:
Proposal 1: drx-InactivityTimer does not need to be start/restarted for each grant-free transmission.

Proposal 2: For delay-tolerate services, consider the following two options to reduce SR transmissions, in order to reduce the power consumption:

· Option 1: SR is not triggered during Inactive Time.

· Option 2: SR is not transmitted during Inactive Time.
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