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In RAN2#105bis, the following agreements on wakeup signaling (WUS) were made:
Agreements 
1.	RAN2 will study the RAN2 impact of wake up signaling to C-DRX.  
2.	Wakeup signaling is linked to C-DRX and is only configured when C-DRX is configured.  If the WUS is not configured legacy operations apply. 
3.	If configured with WUS, UE should monitor for WUS occasions at a known offset before on duration C-DRX.  The offset is up to RAN1 discussion. 
In this paper, we discuss additional aspects of supporting WUS in RAN2.
Discussion
Granularity of WUS
Since WUS is introduced to enhance UE power saving, the default configuration of WUS should be UE-specific. Because otherwise UE may waste power due to potential “false wakeup.” 
Proposal 1.  Default configuration for PDCCH-WUS is UE specific. 
However, there are some cases that requires special considerations. For example;
· In a heavily loaded scenario, a large number of UEs may share the same set of WUS resources, such as a WUS occasion, BWP, and CORESET. Due to the high contention for the resources, some UE’s WUS may be blocked and the scheduling for the UE can be delayed to the later C-DRX cycles, which results in impaired latency and user-experience.
· In Rel-15, the first three symbols within a slot are predominantly used for control channels. If a WUS occasion for PDCCH-WUS shares the same resources as the control resources for other active UEs, it may worsen the control congestion in a heavily loaded scenario.
· In mmW (e.g., FR2) systems with analog beamforming, TDM-based multiplexing of WUS resources may be preferred across spatially non-co-located UEs. Therefore, the overhead for WUS resources due to multiple UEs sharing the same WUS occasion may further increase with a large number of UEs.
Based on the above arguments, we may conclude that PDCCH-WUS may require other possible granularities, to avoid potential PDCCH overload. One possible solution is to introduce group-specific WUS, which allows a group of UEs to monitor the same group-common PDCCH. Then UEs in the same group interpret the presence of a group-common PDCCH at their designated WUS occasion as their individual wakeup signal. This group-common PDCCH-WUS can be addressed to a RNTI shared by all UEs in the same wakeup group.
However, UE should not be configured with UE-specific WUS and group-common WUS at the same time. That is unnecessary (no use case calls for it) and would increase UE’s power consumption instead. 
Proposal 2.  Group-common PDCCH-based WUS is also supported. However, network should not configure UE-specific WUS and group-common WUS at the same time. 
Offset for WUS occasions
According to the agreement above, if WUS is configured for a UE, then it should monitor WUS occasions at a known offset before DRX on duration. There were two options discussed at the meeting regarding the “known” offset:  this offset can be known to UE by either configuration or definition in specification. 
We’d argue that this offset should be configured per UE or group of UEs, instead of a fixed value in specification, for the following reasons:
· As we explained in [1], power can be saved WUS only if two-stage wakeup is possible, i.e. UE first brings up only a small part of its hardware which is specialized in detecting and decoding possible WUS transmission. If UE does receive a WUS, it then brings up the rest of its transceiver online, which needs to be fully functional for DRX active time. Note that the duration of the second step highly depend on UE implementation. An offset which is either too long or too short can lead to extra power consumption – a long offset would mean UE gets ready too early hence wastes extra power; a short offset would require UE to consume extra power to speed up the wakeup process. Therefore, ideally this offset should be configured instead of defined. 
· Moreover, as UE implementation evolves over time, the ideal offset would evolve too. It is much simpler to handle where UEs from different releases coexist in the same network, if offset is configured instead of defined in specification. 
Based on the same arguments, this offset should have the same granularity as WUS, i.e. it should be configured on a per UE basis if WUS is UE specific, or configured on a group basis if WUS is group common.
Proposal 3.  The offset for WUS occasions is configured instead of defined in specification. And it is either UE specific or shared by UEs in the same WUS group. 
WUS in carrier aggregation
In the case of carrier aggregation, there is a natural question to ask - where WUS should be sent, or whether it should be sent on multiple carriers.
First, since the current DRX configuration is per MAC entity, all carriers wake up for on duration at the same time. Therefore, only one WUS per MAC entity is sufficient. Even if RAN2 agrees to introduce DRX group [4], i.e. different groups of carriers having different DRX configurations, it is still advantageous for UE to monitor WUS on a single carrier, because network can indicate which groups of carriers should wake up in the payload of the WUS. The less number of carriers to monitor, the less power is consumed.
Second, if WUS is sent on only one carrier, then this carrier has to be SpCell, because in general SpCell is more reliable than SCells, as UE persistently monitors SpCell for RLM/RLF. 
Therefore, WUS should be configured on only one cell and this cell should be SpCell.   
Proposal 4. 	In CA configuration, WUS is configured on SpCell only.
Summary
Based on the above discussions, we recommend RAN2 to discuss and adopt the following proposal:
Proposal 1.  Default configuration for PDCCH-WUS is UE specific. 
Proposal 2.  Group-common PDCCH-based WUS is also supported. However, network should not configure UE-specific WUS and group-common WUS at the same time.
Proposal 3.  The offset for WUS occasions is configured instead of defined in specification. And it is either UE specific or shared by UEs in the same WUS group
Proposal 4. 	In CA configuration, WUS is configured on SpCell only.
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---------------------------------------------------------------Start of TP-------------------------------------------------------------------
Higher layer procedures for the UE power saving schemes in RRC_CONNECTED
The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   
The PDCCH-based power saving signal/channel for wake-up purpose is considered jointly with c-DRX and is only configured when c-DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel for wake-up purpose should be studied for its adaptation to DRX operation (Section 5.1.4). 
PDCCH-based power saving signal/channel for wake-up purpose can be configured on either UE specific or group-common basis, but never both types at the same time. When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is sent on SpCell only and is monitored at occasions located at a known configured offset before the start of the drx-onDurationTimer. This offset is either UE specific or shared by UEs in the same WUS group. The range of offset is part of physical layer design.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping should be studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX.
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.
Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.
UE assistance for DRX configuration should be studied.
---------------------------------------------------------------End of TP-------------------------------------------------------------------
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