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1. Introduction

In RAN2 #97b meeting [1], following agreements were made on NR DRX:
Agreements on DRX
-
A MAC entity can be in one DRX state (i.e. single on/off time) at any given time.  FFS if multiple configuration are supported.
-
When MAC entity is awake it monitors “PDCCH” occasion
-
In NR, a DRX configuration is described by at least the following configuration parameters: an on duration time, an inactivity time, a retransmission time, short DRX cycles, long DRX cycles
In RAN2 #97b meeting [1], following agreements were made on NR SR/BSR:
Agreements on SR/BSR
-
The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).
-
The existing LTE BSR framework is used as baseline for NR BSR framework.  Further enhancements at least related to numerologies and granularity and can be further discussed
In RAN1 #86b meeting [2], following agreements were made on NR PDCCH allocation:
Agreements:
· NR should support both data and control with the same numerology

· Study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner

· Above may apply both slot and mini-slot

· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner

· Above may apply both slot and mini-slot

According to RAN1 email discussion [3], no concern so far on the following possible agreements:

· For cross-carrier scheduling, PDCCH and the scheduled PDSCH can have the same or different numerologies.
· For self-scheduling, PDCCH and the scheduled PDSCH have the same numerology.
· FFS whether for self-scheduling, PDCCH and the scheduled PDSCH can have different numerologies.
· For self and cross-carrier scheduling, PDCCH and the scheduled PUSCH can have the same or different numerologies.
· When numerology are different between PDCCH and the scheduled transmission, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission.
In this contribution, we discuss the numerology for PDCCH monitoring during DRX Active Time.
2. Discussion

There are two trends on NR PDCCH allocation for NR cells. 

(1) 
Single numerology for NR PDCCH irrespective of the numerology for data. 

(2) 
Multiple numerologies for NR PDCCH. (Note: Both same numerology and different numerologies for PDCCH and data could be considered.)
According to [4], the observation “Different numerologies for data channel and control channel potentially increases UE complexity” is made and it is also reflected in the RAN1 possible agreement that PDCCH and the scheduled PDSCH have the same numerology for self-scheduling. As PDSCH can allocate on multiple numerologies, it is assumed that NR PDCCH may also allocate on multiple numerologies.
According to [5], when a DRX cycle is configured, the Active Time includes the time while:
-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); 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 (as described in subclause 5.1.4).

In LTE system, because there is only single numerology, so the UE monitors the only one numerology to receive the control channel (e.g. PDCCH) for the scheduling information. However, in NR system, there can be multiple numerologies, so the UE may need to monitor all the numerologies on which the control channel may exist. For the relationship between control channel and data channel, same numerology scheduling and cross numerology scheduling both can exist, as shown in the following Fig. 1 and Fig. 2.
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Figure 1: an example of same numerology scheduling
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Figure 2: an example of cross numerology scheduling
During the time that drx-onDurationTimer is running, UE may need to monitor the numerology(ies) of all activated bandwidth part(s) which PDCCH could exist, but it may not be necessary during other part of DRX active time. Since monitoring all numerologies may consume extra UE power unnecessarily, it should be beneficial for UE to know on which numerology it needs to monitor for the control channel. The usage cases may include:
(1) 
Determine on which numerology(ies) to monitor PDCCH due to rx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer.
(2) 
Determine on which numerology(ies) to monitor PDCCH after an SR is sent.
(3) 
Determine on which numerology(ies) to monitor PDCCH after RAR is received in case of a contention free Random Access.
Proposal 1:  To discuss whether UE always needs to monitor NR PDCCH on the numerology(ies) of all activated bandwidth part(s) during DRX Active Time.
Proposal 2:  To study how to determine the numerology(ies) for UE to monitor NR PDCCH during DRX Active Time.
3. Conclusion

In this contribution, we propose the following:
Proposal 1:  To discuss whether UE always needs to monitor NR PDCCH on the numerology(ies) of all activated bandwidthe part(s) during DRX Active Time.

Proposal 2:  To study how to determine the numerology(ies) for UE to monitor NR PDCCH during DRX Active Time.
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