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1. Introduction
In UE power saving SID, the objectives for UE power saving in RRC-Connected mode are as follows.

	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




In this contribution, we will discuss wake-up signals (WUS) and its impacts on DRX procedure from the RAN2 perspective to reduce UE power consumption. 
2. Discussion 

According to UE power saving WID, PDCCH based wake-up signals (WUS) is used to indicate whether to wake-up or to remain asleep. UE monitors the PDCCH based wake-up signal at some predetermined occasions and regular PDCCH monitoring is only started when positive WUS is detected, otherwise UE goes to sleep. The WUS can be operated with and without DRX configuration. In this paper, we focus on the interaction of wake-up signals with DRX procedure.
Issue 1: The UE monitoring occasion for WUS
Two options for UE monitoring occasions for wake-up signals with DRX configuration are listed as followings:

Option 1: WUS is monitored at the beginning of a DRX on duration;

Option 2: WUS is monitored prior to a DRX on duration;
In Rel-15, the PDCCH with C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI are only monitored within DRX on duration. In Option 1, the same behaviour is applied to PDCCH based WUS monitoring. UE can start WUS monitoring from the beginning of a DRX on duration. The slot from which UE starts the WUS monitoring relative to the start of an onDuration can be fixed or configured. UE performs periodic detection of the wake-up signals. Upon detecting a positive wake-up signals indication, UE wakes up and continuously monitors PDCCH during the period of DRX on duration as usual DRX operation. If UE does not detect a positive WUS, UE skips PDCCH monitoring in the whole or part of the on duration. The basic principle is illustrated in Figure 1. At the first slot of on duration, UE may be also required to monitor other PDCCH (i.e., regular PDCCH).
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Figure 1: WUS on the first slot of DRX on duration
In Option 1, the UE behaviour is aligned with current UE DRX behaviours, i.e. UE only monitors PDCCH in active time.
Observation 1: Current UE DRX behaviours can be maintained, i.e. monitoring PDCCH in active time, if PDCCH-based WUS is only monitored from the beginning of the DRX on duration. 
In Option 2, UE monitors PDCCH-based WUS before DRX on duration starting time. UE needs to wake up before real active time for wake-up signals detection according to configurable gap. The merit of Option 2 is more flexible and conducive to UE group based wake-up signals design. Since DRX is UEs specific, it is difficult to transmit a group-based WUS in a slot where all UEs in the group are in active time. However, from UE perspective, Option 2 extends the active time period thus increase the UE power consumption, which has the similar effect with a longer on-duration timer configuration or different offset configuration for DRX cycle.
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Figure 2: Illustration of WUS and onDuration/offset
In above figures, WUS is monitored before the UE DRX onDuration period. UE should wake up to monitor WUS, and then according to the detected WUS, to start PDCCH monitoring in onDuration or not. According to the illustration of UE power consumption at state transition in TR38.840 [3], if the gap between WUS and onDuration is small (e.g., about 10 ms), UE is not able to sleep within the gap period due to the required ramp up and down times and a significant power consumption at UE wake-up/go-to-sleep. If the gap between WUS and onDuration is larger (e.g., >=20 ms), it is possible for UE to sleep during gap and wake up again before onDuration to save power. However, a large gap between WUS and onDuration make it difficult for gNB to predict the traffic arrival before WUS transmission occasions. 
Observation 2: UE monitoring of PDCCH-based WUS before DRX on duration extends active time period of UE and increase UE power consumption.
Observation 3: UE monitoring of PDCCH-based WUS before DRX on duration has the similar effect with a longer on-duration timer configuration.
Issue 2: UE specific or UE-group specific WUS
If WUS is UE-group specific, one group common PDCCH can be used to indicate multiple UE whether they skip PDCCH monitoring in onDuration or not. Similar as group-common TPC, one group common WUS can contain multiple bit fields where each field is associated with one UE. For example, 1 bit out of total 12 bits per DCI (excluding CRC bits) to indicate for one UE and total 12 bits can indicate for 12 UEs. If multiple UEs share one common WUS, the gap between WUS and onDuration could be different because the C-DRX offset may not be aligned with all the UEs, assuming WUS is before onDuration. As discussed earlier, UE may have to monitor the group-based WUS before the DRX onDuration time since DRX across different UEs are not aligned, which cause additional UE power consumption. 
If WUS is UE specific, one WUS can only indicate one UE whether to skip PDCCH monitoring in onDuration, causing more signalling overhead than group common WUS.

Observation 4: UE-group specific WUS has less overhead than UE specific WUS but more UE power consumption.
Taking issue 1 and issue 2 into account together, there are 4 options for the design of WUS linked to C-DRX:

· Option 1: UE specific WUS monitored from the beginning of DRX on duration

· Option 2: UE-group specific WUS monitored from the beginning of DRX on duration

· Option 3: UE specific WUS monitored before DRX on duration
· Option 4: UE-group specific WUS monitored before DRX on duration
According to the above observations, we propose:
Proposal 1: Study the RAN2 impact of the 4 options for design of WUS linked to C-DRX.
· Option 1: UE specific WUS monitored from the beginning of DRX on duration

· Option 2: UE-group specific WUS monitored from the beginning of DRX on duration

· Option 3: UE specific WUS monitored before DRX on duration

· Option 4: UE-group specific WUS monitored before DRX on duration

Current DRX operation is per MAC entity, which is to say in NR-DC case MCG and SCG maintain DRX state separately. Hence it is natural way for wake-up signals to control its own PDCCH monitoring. It can be discussed and studied further whether a wake-up signals to active PDCCH monitoring in both MCG and SCG simultaneously or cross node wake-up signals control is needed. 
Proposal 2: It is baseline for wake-up signals to awake its own PDCCH monitoring in NR-DC case and other cross node WUS are FFS. 
3. Conclusions
Based on the discussions given above, we have the following observations and proposals：
Observation 1: Current UE DRX behaviours can be maintained, i.e. monitoring PDCCH in active time, if PDCCH-based WUS is only monitored from the beginning of the DRX on duration. 
Observation 2: UE monitoring of PDCCH-based WUS before DRX on duration extends active time period of UE and increase UE power consumption.

Observation 3: UE monitoring of PDCCH-based WUS before DRX on duration has the similar effect with a longer on-duration timer configuration.
Observation 4: UE-group specific WUS has less overhead than UE specific WUS but more UE power consumption.

Proposal 1: Study the RAN2 impact of the 4 options for design of WUS linked to C-DRX.
· Option 1: UE specific WUS monitored from the beginning of DRX on duration

· Option 2: UE-group specific WUS monitored from the beginning of DRX on duration

· Option 3: UE specific WUS monitored before DRX on duration

· Option 4: UE-group specific WUS monitored before DRX on duration

Proposal 2: It is baseline for wake-up signals to awake its own PDCCH monitoring in NR-DC case and other cross node WUS are FFS. 
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