


[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #106	R2-1906700
Reno, USA, 13 – 17 May 2019	


Agenda item:	11.11.4.1.
Source:	Nokia, Nokia Shanghai Bell
Title:	On the RAN2 aspects on power signal/channel for wake-up
WID/SID:	FS_NR_UE_pow_sav - Release 16
Document for:	Discussion and Decision
1	Introduction
A new study item in Rel-16 was started to investigate UE power saving [1]. RAN1 concluded its studies after during RAN1#96 and RAN#83 approved the scope of the work item and captured following:

The objective of the UE power saving includes the following,
1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 
· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 
·  The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.

In addition, related to RAN2 part of the study item, following agreements were made in RAN2#105bis:
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 contribution we discuss the PDCCH based power saving signal/channel for wake-up purposes and the potential further study points for RAN2 considering the parallel WI phase that is on-going in RAN1. 

2 Discussion

2.1.	On the monitoring of wake-up signal


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. 


Based on RAN1 agreement in RAN1#96bis, a CORESET based approach for monitoring the power saving signal/channel was selected.

Agreements:
· Support at least one CORESET with configured search space(s) for the power saving signal/channel  
· FFS separate vs. shared with a CORESET (and/or search space(s)) configured for other purposes (when applicable)


From RAN2 perspective the agreement could imply at least following options: 

In first option, the CORESET/SS configuration would be only “active” within specific monitoring window. Within the window UE would monitor PDCCH based power saving signal for wake-up purposes according to the search space configuration. Outside the time window, UE would not monitor the CORESET using the search space configuration. 

This operation has some similarities with CFRA based beam failure recovery in release 15. In CFRA BFR, after UE has sent beam failure recovery request, it monitors gNB response using dedicated search space (recovery search space) configuration associated to specific CORESET. This configuration is dedicated for beam failure recovery. The search space and associated CORESET is active during the response window which is similar to RACH response window. If no gNB response was received during the response window, outside the window the recovery search space is not considered to be active i.e. it is not monitored. When UE detects the response, it continues to monitor CORESET/SS for recovery until network configured UE with new beam for PDCCH reception.

[bookmark: _Ref7706896]Observation 1: For beam failure recovery the dedicated CORESET/SS is active during a gNB response window and is not used outside the window when beam failure recovery is not completed 

The length of the gNB response window is configurable and start of the window is determined by the slot where the recovery request is transmitted. Difference to CFRA based RACH procedure is that during the response window UE monitors gNB response using C-RNTI instead of RA-RNTI. 

Similarly, the time window when UE expects the PDCCH based wake-up signal should be configurable and UE would monitor the wake-up signal according to search space configuration on the associated CORESET. This time window would need starting time (since the start would not be controlled by uplink signal as in BFR/RACH) and duration. For ensuring network scheduling flexibility for the wake-up signal, the window start time and duration would need to be configurable.

[bookmark: _Ref7706898]Observation 2: Using a window-based approach for determining when the CORESET/SS for monitoring PDCCH based wake-up signal on CORESET/SS should have configurable start time and duration. 
In another option the monitoring occasions could be a direct result of the search space configuration without a specific window to determine when the search space is active. In Rel-15 search space configuration has parameter for controlling the monitoring periodicity and offset (monitoringSlotPeriodicityAndOffset) of the monitoring occasions. In addition, the search space duration can be configured.
Thus, depending on periodicity and duration of search space (number of consecutive slots) the wake-up monitoring occasions could be flexibly determined.  
[bookmark: _Ref7706899]Observation 3: Monitoring of PDCCH based wake up signal can be configured without using an explicit time window configuration.
The window and non-window based approaches are illustrated in Figure 1. First option, a window based is in the upper part (1.) of the figure and non-window in the lower part (2.).   It can be observed that first option would require configuration of window duration and offset in addition to the search space configuration. Thus, it would be more straight forward to use search space configuration only to define the PDCCH based wake up signal monitoring.
[image: ]
[bookmark: _Ref7685814]Figure 1. illustration of wake-up monitoring occasions with and without monitoring window.
[bookmark: _Ref7707067]Proposal 1: Monitoring occasion of PDCCH based wake-up signal is determined by search space configuration.

2.1. Wake up signal and PDCCH monitoring during On-duration 

RAN1 WID states that a PDCCH based power saving signal/channel to trigger UE adaption will be specified. This may include plethora of mechanisms or techniques but from RAN2 perspective the focus could be use of such signal to reduce PDCCH monitoring, which was also identified one of the power saving techniques during RAN1 studies.

RAN2 agreed linkage between power saving signal/channel and DRX thus it would be most feasible to study scenario where a PDCCH-based power saving signal/channel would control the UE requirement to monitor PDCCH during the ON duration of the DRX cycle. When UE has been indicated by the PDCCH channel it would be required to monitor PDCCH during the ON duration of the DRX cycle.

Observation 1: From RAN2 perspective the PDCCH based signal/channel triggering UE adaptation would be to control PDCCH monitoring requirement during the ON duration of a DRX cycle. 

It would be feasible to maintain as much as legacy DRX operation when wake up signal is configured. It would be preferred that the core functionality such as the on-duration should be maintained and considered as basis for wake-up signal based operation, thus we propose to agree the following: 

[bookmark: _Ref7707068]Proposal 2: PDCCH based wake-up signal controls UE to enter active time during the ON duration of a DRX cycle.

Another discussion point is that how wake-up signal monitoring occasion and on duration relate to each other i.e. whether monitoring occasions would map to a next/current on-duration (one-to-one mapping) or whether wake-up occasion(s) would trigger PDCCH monitoring for more than one on-duration (one-to-many mapping). Figure 1 illustrates one-to-one mapping. In 1-to-1 case when network sends wake-up signal, but UE is not able to detect it, it would only affect the next on-duration. In one-to-many case, although UE would monitor wake up signal with longer periodicity (i.e. for additional power saving) the miss-detection penalty and latency would be higher and would not justify potentially minor. Thus, we propose: 
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[bookmark: _Ref7528866]Figure 2. Example illustration of one to one mapping of wake-up signal occasions and on-duration
[bookmark: _Ref7707069]Proposal 3: Define one-to-one mapping of wake-up signal and on-duration.

It should also be considered that the UE active time may end during or after the wake-up signal monitoring occasions i.e. due to expiry on inactivity timer. RAN2 should determine UE behaviour in this case i.e. if UE has missed monitoring occasion.

2.2. Identifying the presence of PDCCH based Power Saving Signal/Channel at MAC layer

As the power saving signal/channel would imply new functionality or new signals/channels to be defined, one feasible
way would be to use new DCI format specifically used for PDCCH based power saving. DCI format could be further 
associated to specific search space. Search space is associated to specific CORESET. By controlling the duration and 
periodicity of the search space, network can configure when UE is assumed to monitor the power saving signal/channel.

Transmission of PDCCH based power saving signal could differentiated from other PDCCH transmissions e.g. by defining new RNTI. This RNTI would be specific for PDCCH based power saving signalling. Feasibility to introduce new RNTI specific for identifying power saving signalling on PDCCH should be further studied by RAN2. 

[bookmark: _Ref7707070]Proposal 4: RAN2 to consider the mechanisms to detect at MAC layer when a power saving signal/channel for wake-up purpose has been received. e.g. new RNTI.

Furthermore, RAN1#96bis agreed the following:

Agreements:
· The PDCCH-based power saving signal/channel is UE-specifically configured.   
· The DCI format(s) contain information for (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· Alt 1: triggering a single UE only 
· Alt 2: triggering UE(s) within a group 
· FFS whether to always trigger all UEs in a group or a subset of it
· Alt 3: Alt 1 & Alt 2 


From overhead perspective it would be feasible to consider both UE dedicated signalling and group-based wake-up signalling. Based on the RAN1 agreement to consider currently both options (Alt1&Alt2) we propose RAN2 to consider this is in its studies for wake-up signal. Separating the group and single UE wake-up signals could be done e.g. using different RNTIs e.g. UE specific/group specific RNTIs.  

[bookmark: _Ref7707071]Proposal 5: RAN2 considers both wake-up signalling options, UE dedicated, and Group-based.
3 Conclusions
Observation 1: For beam failure recovery the dedicated CORESET/SS is active during a gNB response window and is not used outside the window when beam failure recovery is not completed
Observation 2: Using a window-based approach for determining when the CORESET/SS for monitoring PDCCH based wake-up signal on CORESET/SS should have configurable start time and duration.
Observation 3: Monitoring of PDCCH based wake up signal can be configured without using an explicit time window configuration.

Proposal 1: Monitoring occasion of PDCCH based wake-up signal is determined by search space configuration.
Proposal 2: PDCCH based wake-up signal controls UE to enter active time during the ON duration of a DRX cycle.
Proposal 3: Define one-to-one mapping of wake-up signal and on-duration.
Proposal 4: RAN2 to consider the mechanisms to detect at MAC layer when a power saving signal/channel for wake-up purpose has been received. e.g. new RNTI.
Proposal 5: RAN2 considers both wake-up signalling options, UE dedicated, and Group-based.
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