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1	Introduction
UE Power Saving WID was approved in RAN#83 [1]. The objectives are as follows:
	The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  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 this contribution, we discuss about the PDCCH-based power saving channel.
2	Discussion
2.1	On DCI Formats
Regarding the DCI format design the following agreements were made in RAN1#96bis:
	Agreements:
Possible candidates of DCI format design for the PDCCH-based power saving signal/channel (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· New DCI format(s) 
· The size of new DCI format may or may not be the same size as the existing DCI size
· Enhancement of existing DCI. E.g.,:
· Additional new field(s)
· Using the existing DCI format for the power saving purpose
· Re-purpose field(s) in the DCI
· The detection of existing DCI format as the indication for the power saving technique 

Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Anenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 
· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far 

The following candidates may be discussed after RAN2’s SI is completed:
· Skipping number of DRX monitoring 
· SPS activation
· DRX configuration 




Regarding introducing new DCI format(s) or enhancing of existing DCI to carry power saving content we discuss about two main use cases currently on table: wake-up triggering and cross-slot scheduling.
One considered configuration would be that a dedicated search space set is configured only for wake-up triggering monitoring. The monitoring occasion(s) according to search space set dedicated for wake-up triggering would be monitored outside of Active time and potentially being the only search space set for the monitoring at that time. Miss-detecting the wake-up triggering would cause latency and waste of system resources and thus the robustness for the wake-up triggering should be of high importance. From that perspective optimized payload for wake-up triggering purpose would be preferred [2]. 
Observation 1: For wake-up triggering purpose new DCI format(s) would be beneficial. 
Then, regarding the cross-slot scheduling where gNB would dynamically adjust the minimum scheduling offset value(s) the command could be transmitted alongside the scheduling grant, especially in the case the gNB is adapting minimum offset value(s) back from “power saving mode” (offset value(s) >0) back to “active mode” (offset value(s) being 0). For instance, when gNB starts scheduling UE with data it could provide parameter adaptation in the first scheduling grant. On the other hand, minimum scheduling offset parameter update could be provided also with a new DCI format. For instance, after gNB has received HARQ ACK for the last DL PDSCH it could send adaptation command using a new optimized DCI format. Thus, regarding cross-slot scheduling, both dedicated DCI format and enhancement of existing DCI format(s) seem beneficial.
Observation 2: For adapting minimum scheduling offset(s) both new DCI format(s) and enhancement of existing DCI format seem beneficial.  
Proposal 1: Design new DCI format(s) and enhance existing DCI format(s) for power saving signal transmission. 
2.2	DCI Format for wake-up triggering purpose
Here we discuss about potential content for the DCI format for wake-up triggering. In general, it’s seen beneficial if the wake-up would be able to trigger BWP adaptation as well as aperiodic CSI reporting. BWP adaptation along with the wake-up would allow efficient BWP use for power saving: in out of active time the UE could use e.g. narrowband/default BWP and for the active time the gNB would have opportunity to switch to wider BWP according to traffic. 
[bookmark: _GoBack]When waking up the UE to receive data it would be beneficial to get CSI as early as possible for link and rank adaptation purposes, Thus, DCI carrying wake-up trigger should also have possibility to trigger aperiodic CSI-RS measurement and reporting. For the A-CSI-RS triggering as well as resource allocation of PUSCH to carry the triggered CSI report, limited flexibility could be considered to limit the number of required bits. 
Proposal 2: DCI format used for wake-up should also have possibility to trigger BWP adaptation and trigger aperiodic CSI measurements and reporting.
It has been discussed by some companies that there should be an A-TRS (e.g. without triggering DCI) before PDCCH wake-up is transmitted to assist UE in time and frequency tracking. However, based on our understanding RAN4 specs do not mandate use of aperiodic TRS prior PDCCH reception but rather periodic TRS can be used. Thus, we see need for more clarification on possible tracking enhancements related to wake-up monitoring. In addition to time and frequency tracking, whether there is need e.g. for beam tracking prior wake-up monitoring especially in FR2 could be clarified as well.
Proposal 3: Clarify the need of RS enhancements, like DCI less A-TRS prior wake-up monitoring and CSI-RS for beam tracking in FR2. 
In addition to BWP adaptation triggering as part of the wake-up trigger, the frequency domain adaptation could be considered to cover CC domain as well. When there is large amount of data to be sent to the UE it could make sense to be able to use multiple CCs for the data transmission. For that DCI carrying wake-up triggering should have triggering possibility also in that domain, in addition to BWP domain (within a CC). High degree of granularity is not considered to be needed but rather a binary type triggering command is seen feasible: use one CC or activate all configured CCs in the band are (intra-band) are activated. However benefit of this is heavily dependent on the delay that can be assumed for SCell activation and should be further considered based on the progress DCCA work item.
Observation 3: It could be beneficial to have possibility for frequency domain adaptation in CC domain in the wake-up DCI if the corresponding latency is short enough.
In general, DCI format for wake-up triggering should be able to carry information bits also for
· triggering BWP adaptation
· triggering A-CSI-RS measurements and reporting including PUSCH resource allocation
· tentatively also triggering CC activation

Assuming 2 bits for BWP adaptation, 2 bits for CSI-RS triggering (with 4 triggering states), 2 bits for PUSCH resource (4 pre-configured resources), tentatively 1 bit for fast CC activation (one or all configured CCs) and 2 bits for indicating the wake-up triggering (selecting the payload) the required number of bits for the DCI format may go beyond ten bits for one UE.  
Observation 4: Even with limited flexibility e.g. for A-CSI-RS triggering and PUSCH resource allocation the number of required bits for DCI carrying the wake-up triggering may go beyond ten bits per one UE.  

2.3	Scope of the DCI format for triggering
In RAN1#96bis the following agreement was made regarding:
	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 




Based on the agreement it’s to be decided whether DCI format for triggering is for a single UE only, for UEs within a group or for both single UE and group of UEs. In connected mode the power saving related triggering commands are UE specific and at the certain time the triggering command may need to be targeted to a single UE only. On the other hand, a group-based DCI format generally provides lower signalling overhead. The group-based PDCCH also reduces potential PDCCH blocking compared to case UE specific DCI formats would be used to signal triggering command simultaneously. 
Considering the DCI format for wake-up it was discussed in 2.2. that payload size required for wake-up triggering with additional adaptation may be over 10 bits per UE. That makes group-based DCI format  less attractive given the need for the wake-up to have low miss-detection probability and thus optimized size. 
Proposal 4: Support DCI format for wake-up triggering a single UE only.
In general, for the other possible power saving schemes, the decision whether DCI format for adaptation is for a single UE only, for UEs within a group or for both single UE and group of UEs should be made per triggering adaptation scheme when for instance number of required bits is known per scheme.
Observation 3: Decision whether DCI format for triggering is for a single UE only, for UEs within a group or for both single UE and group of UEs should be made per triggering adaptation scheme when for instance number of required bits is known per scheme.
2.4	DCI format size budget
The following agreement was made related to DCI format size budget:
	Agreements:
The assumptions of the DCI design of the PDCCH-based power saving signal/channel include:
· No increase of DCI format size budget  
· FFS whether or not the same or different sets of DCI format sizes for Active time vs. out of Active time
· Working assumption: no increase of UE BD/non-overlapping CCE limit




It was left for further study whether or not the same or different sets of DCI format sizes for Active time vs. out of Active time would be applied. In out of Active time and especially when DCI format for wake-up triggering is configured, the UE would basically monitor only that specific DCI format according to search space set dedicated for wake-up. However, in active time the UE may be configured to monitor power saving DCI format for triggering some other adaptation but DCI format size could be the same or different as for wake-up or for other, e.g. scheduling purposes. Thus, before having defined DCI formats for power saving purpose it’s too early to decide whether or not the same or different sets of DCI format sizes for Active time vs. out of Active time. 
Proposal 5: Decide whether or not the same or different sets of DCI format sizes for Active time vs. out of Active time after DCI formats for power saving have been defined.

2.5	CORESET
In Rel-15, each search space set is associated with one CORESET and UE can be configured up to three CORESETs per BWP. Potential dedicated search space set for power saving DCI format could be associated to one of the configured CORESETs or another option would be to configure dedicated CORESET for monitoring power saving channel. A power saving channel specific search space set could be associated to power saving specific CORESET for power saving (CORESET-PS) for monitoring power save DCI format. One example of such special use of CORESET / Search Space relationship is Rel-15 link recovery. A dedicated CORESET is monitored according to recoverySeachSpace configuration and no other search spaces can be configured for that CORESET. Hence the CORESET is specific for beam failure recovery, and does not overlap (in terms of use) with the other configured, up to three, CORESETs.
In similar manner the CORESET-PS could be a special use CORESET that can be only configured with search space for monitoring power saving DCI format e.g. for wake-up triggering.
Proposal 6: Investigate the feasibility of using dedicated CORESET for monitoring power saving channel at least for wake-up purposes.

2.6. On the time domain aspects of wake-up monitoring

Following RAN2 agreement was made in #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. 


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)


Considering RAN2 agreement in #105bis following options for time domain monitoring of WUS are discussed:

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 Rel-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 4: 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 could 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 5: 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 6: 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 7: Monitoring occasion of PDCCH based wake-up signal is determined by search space configuration.

2.7	Failure Detection for wake-up

Since the wake-up triggering is monitored to determine whether UE wakes up and starts monitoring PDCCH according to search space configuration it is also a potential point of failure. When UE monitors PDCCH it may be configured to monitor multiple RSes (for RLM) and/or multiple CORESETs with different TCI states (for BFD) and failure of a single link does not necessarily block the PDCCH reception but if the wake-up link would be in failure condition i.e. due to UE-gNB beam miss alignment or blockage it would prevent UE to detect wake-up triggering channel properly and potentially miss the indication to wake up. 

In Rel-15, RLM and beam failure recovery, detection and eventually recovery is triggered when all the monitored links are estimated to be in failure condition. UE performs failure detection also in DRX and attempts to recover when all links fail (BFR), it would be able to recover using BFR but e.g. in case WUS link is in failure condition the recovery procedure would not be triggered 


Proposal 8: Define failure detection and recovery mechanism for wake-up link.


3	Conclusions
In this contribution we have discussed about PDCCH-based power saving signal/channel design. 
The following observations and proposal were made in Section 2.1 on DCI formats:-
Observation 1: For wake-up triggering purpose new DCI format(s) would be beneficial. 

Observation 2: For adapting minimum scheduling offset(s) both new DCI format(s) and enhancement of existing DCI format seem beneficial.  
Proposal 1: Design new DCI format(s) and enhance existing DCI format(s) for power saving signal transmission. 
On the DCI format for wake-up purposes we observe and propose in Section 2.2 as follows:-
Proposal 2: DCI format used for wake-up should also have possibility to trigger BWP adaptation and trigger aperiodic CSI measurements and reporting.
Proposal 3: Clarify the need of RS enhancements, like DCI less A-TRS prior wake-up monitoring and CSI-RS for beam tracking in FR2. 
Observation 3: It could be beneficial to have possibility for frequency domain adaptation in CC domain in the wake-up DCI if the corresponding latency is short enough.
Observation 4: Even with limited flexibility e.g. for A-CSI-RS triggering and PUSCH resource allocation the number of required bits for DCI carrying the wake-up triggering may go beyond ten bits per one UE.

In Section 2.3 the options of single and group based DCI format are discussed:-

Proposal 4: Support DCI format for wake-up triggering a single UE only..
Observation 3: Decision whether DCI format for triggering is for a single UE only, for UEs within a group or for both single UE and group of UEs should be made per triggering adaptation scheme when for instance number of required bits is known per scheme.
In Section 2.4 we conclude on the DCI format size budget options:
Proposal 5: Decide whether or not the same or different sets of DCI format sizes for Active time vs. out of Active time after DCI formats for power saving have been defined.
In Section 2.5, we look at the options for configuring CORESET for power saving channel, and propose:
Proposal 6: Investigate the feasibility of using dedicated CORESET for monitoring power saving channel at least for wake-up purposes.
In Section 2.6 the time domain aspects of the wake-up monitoring are discussed:-
Observation 4: 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 5: 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 6: Monitoring of PDCCH based wake up signal can be configured without using an explicit time window configuration.
Proposal 7: Monitoring occasion of PDCCH based wake-up signal is determined by search space configuration.
In Section 2.7 we discussed the possible failure detection for wake-up triggering and propose:
Proposal 8: Define failure detection and recovery mechanism for wake-up link.
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