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1. Introduction
This contribution is resubmission of R1-1810310. According to the SID for UE power saving in NR [1], followings are approved for the RAN1’s study scope:
	1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]


This contribution discusses UE behaviours on PDCCH monitoring considering DRX operation and network assistance information.  

2. Discussion 
2.1. PDCCH monitoring reduction considering DRX operation
In NR, UE would perform PDCCH BD attempts in the configured PDCCH monitoring occasion, and the PDCCH monitoring occasions are derived by the search space configuration. Depending on the configuration, the PDCCH monitoring occasion may not exist in every slot, or may exist multiple time in a slot. Furthermore, if DRX is configured, UE may not monitor PDCCH in every PDCCH monitoring occasions. To be specific, UE will perform PDCCH monitoring only if the MAC entity is in Active Time which is defined as the time duration during the following conditions are met [2]: 
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running; or
-	a Scheduling Request is sent on PUCCH and is pending; 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 Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble.
At the beginning of every (long duration or short duration) DRX cycle, UE starts drx-onDurationTimer, and then if UE receives PDCCH indicating a new transmission (DL or UL), UE (re)starts drx-InactivityTimer. It mean that UE needs to be ready to receive PDCCH at the beginning of every DRX cylces, and UE could go to sleep if UE does not receive any PDCCH indicating a new transmission until drx-onDurationTimer expires. On the other hands, if UE receives PDCCH indicating a new transmission before the expiration of drx-onDurationTimer, UE will keep trying to receive PDCCH until drx-InactivityTimer expires. Moreover, after initial DL or UL transmission, UE may need to be ready to receive PDCCH indicating retransmission (per HARQ process). In this case, drx-RetransmissionTimerDL or drx-RetransmissionTimerUL can make the MAC entity in Active Time. Regardless of DRX cycle, UE can be ready to receive PDCCH when UE sent SR on PUCCH, and it is pending. 
Observation 1: In current DRX operation, UE monitors PDCCH in Active Time, and the Active Time occurs due to the various conditions to receive PDCCH indicaing a new transmission, or PDCCH indicating retransmisison, or PDCCH associated with UL grant. 
In current DRX operation, there is no restriction on UE behaviour on PDCCH monitoring during the Active Time. To be specific, during the Active Time, UE will perform PDCCH monitroing for all the configrued CORESET, search space, and DCI formats. In our view, depending on the condition which makes the MAC entity in Active Time, it can be considered to reduce the number of PDCCH BD attemtps at UE side efficiently. For instance, if the Active Time occurs due to the scheduling request and any other DRX timers are not running, UE may need to monitor PDCCH for UL grant only. Similarly, if the MAC entity is in Active Time but a SR is not sent or it is not pending, UE may not need to monitor PDCCH for UL grant. In addition, if DRX is configured, UE would not report CSI if drx-onDurationTimer is not running for the case where CQI masking is setup or if the MAC entity is not in Active Time for other cases. In other words, at the beginning of the Active Time (or if only drx-onDurationTimer is running), the network may not know the accurate CSI for the UE; therefore, non-fallback DCI (e.g. DCI foramt 1-1) may not be efficinelty used. Instead, it can be considered that UE may monitor only fallback DCI (e.g. DCI format 1-0/0-0) at the beginning of the Active Time (or if only drx-onDurationTimer is running). In those points of views, we propose that monitoring behavior can be diffrent depending on the conditions for the Active Time. 
Observation 2: There is no restrcions on which CORESET or Search Space or DCI foramt to be monitored during the Active Time in DRX operation. UE will monitors PDCCHs associated with all the configured CORESET/Search space/DCI formats. 
Proposal 1: If DRX is configured, monitoring behavior can be different during the Active Time depending on the DRX timer state and SR state. 
In NR, UE will perform transmission/reception procedure based on the BWP configuration. Regarding PDCCH reception, UE will monitors PDCCH which is transmitted within active DL BWP. When UE does not receive PDCCH indicating PDSCH for a certain duration of time (or if bwp-InactivityTimer expires), UE’s active DL BWP could be changed into default BWP for power saving. However, in the current specification, DRX parameters are not changed across different BWP. In our view, at least when UE’s active DL BWP is set to be default BWP, it would be better to have different DRX configurations to save UE power consumption further. 
Observation 3: In the current specificaiton, DRX configuration is per cell group. Thus, even though default BWP is active, DRX parameters are not changed. 
Proposal 2: Separate configuration of DRX between default BWP and other configured BWP can be considered at least in a single cell case. 

2.2. PDCCH monitoring reduction based on enhanced paging information
In case of UL data traffic, the network may not know how amount of UL grant is needed to handle a certain UL data packet. In NR, UE first send a scheduling request to be scheduled with UL grant unless resources of configured grant are configured, and then UE reports buffer status after UL grant reception. Based on the reported buffer status and/or SR state (e.g. pending), gNB could schedule the sufficient number of UL grant to a UE. However, in case of DL data traffic, the network knows how amount of DL assignment is needed to handle a certain DL data packet considering UE’s channel condition and traffic situation. In this case, gNB can give a UE paging record to change UE’s state from IDLE into RRC_CONNECTED. Meanwhile, the paging record includes UE identity associated with the DL data packet, and UE may not know when the DL scheduling to handle the DL data packet is finished. 
In the perspective of UE power saving, it would be useful for a UE to know the information about DL data packet to be served in terms of how many TB (size) or PDCCH/PDSCH to be scheduled. For instance, if the packet size is provided by the network to UE, UE could count how amount of DL data is remained to be served whenever the UE successfully receives a new TB. If the UE decides that there is no remaining TBs to be served, UE may stop PDCCH monitoring for a certain number of DRX cycles or until the UE receives the (updated) DL packet information. In the current specification, the similar approach could be done by DRX Command MAC CE which is used to terminate drx-onDurationTimer or drx-InactivityTimer. However, in this case, even though the Active Time is terminated, UE will restart PDCCH monitroing in the next DRX cycle. In other words, depending on the DRX parameter setting, the amount of UE power saving could be different. Alternatively, it can be considered that PDCCH scheduling PDSCH carries DRX Command to stop PDCCH monitroing at UE side. To be specific, DCI can indicate whether or not the correponding PDSCH is associated with the last scheduling of the DL packet. 
Observation 4: When the DL packet information is provided by the network to a UE, it can be usefult to efficienlty reduce PDCCH monitroing at UE side considering the informed packet inforation and the scheduled TBs associated with the packet. 
Proposal 3: For UE power saving, the DL packet information can be infomed to a UE, and UE can adjust PDCCH monitoring based on the packet information and the scheduled PDCCH/PDSCH. 

3. Conclusion
We discussed PDCCH monitoring scheme if DRX is configured for UE power saving in NR, and proposed the followings. 
Observation 1: In current DRX operation, UE monitors PDCCH in Active Time, and the Active Time occurs due to the various conditions to receive PDCCH indicaing a new transmission, or PDCCH indicating retransmisison, or PDCCH associated with UL grant. 
Observation 2: There is no restrcions on which CORESET or Search Space or DCI foramt to be monitored during the Active Time in DRX operation. UE will monitors PDCCHs associated with all the configured CORESET/Search space/DCI formats. 
Observation 3: In the current specificaiton, DRX configuration is per cell group. Thus, even though default BWP is active, DRX parameters are not changed. 
Observation 4: When the DL packet information is provided by the network to a UE, it can be usefult to efficienlty reduce PDCCH monitroing at UE side considering the informed packet inforation and the scheduled TBs associated with the packet. 

Proposal 1: If DRX is configured, monitoring behavior can be different during the Active Time depending on the DRX timer state and SR state. 
Proposal 2: Separate configuration of DRX between default BWP and other configured BWP can be considered at least in a single cell case. 
Proposal 3: For UE power saving, the DL packet information can be infomed to a UE, and UE can adjust PDCCH monitoring based on the packet information and the scheduled PDCCH/PDSCH. 
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