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Introduction

In the RAN #83 meeting, the new work item of UE power saving in NR was approved with the following objectives [1]:
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.

This contribution provides our views on PDCCH-based Power Saving Signal/Channel design. 

Discussion

On power saving signal/channel (PoSS) structure
DMRS usage of PDCCH-based PoSS
As discussed before in [2], PDCCH-based PoSS has multiple advantages in support of efficient traffic adaptation, which provides higher reliability with CRC protection and flexible indication capability.
In NR-U, as the signal for the detection of DL COT, following was agreed in RAN1 ad-Hoc 1901 [1].
	Agreement:
· The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving
· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.
· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst
· FFS: Potential enhancements to DMRS design to address issues with detection probability
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving 




The same design principle should be applied to the PoSS. This achieves commonality of the design among different WIs. It means, as an UE implementation option, DM-RS sequence correlation in PDCCH can be used. In this case, if and only if the DM-RS sequence correlation passes a certain threshold, PDCCH decoding is carried out. The problem of purely sequence based design is what threshold is used by UE is unknown to the network and difficult to control miss-detection/false alarm of PoSS. To send higher power of the sequence by the network can reduce the miss detection but can increase the false alarm of the signal. Same as PDCCH for NR-U COT detection signal, the PoSS PDCCH of miss-detection/false alarm performance should be based only from PDCCH performance even if DMRS is used. Then what threshold is used for DMRS of PDCCH is up to UE implementation but it shall still satisfy PDCCH performance. This can save RAN4 work related to PoSS detection performance. If the network want to reduce the miss-detection of PoSS, lower aggregation level or power boosting of PoSS can be used. Even for such operation, false alarm rate is determined by CRC false alarm rate of PDCCH and not based on higher energy of DMRS. 
Proposal 1: PDCCH-based power saving signal/channel (PoSS) design should allow DMRS of PDCCH based detection as a UE implementation but the performance should be defined by PDCCH detection.
Observation 1: PDCCH-based PoSS does not require RAN4 performance test of PoSS.

The miss detection case handling of PoSS
As described in WID "this objective shall not duplicate DRX operation", PoSS should be jointly used with DRX configuration. Before entering the DRX_ON period, power saving signal is used for indication on UE behavior whether to perform PDCCH monitoring at DRX_ON. 
In case of mis-detection happens for PoSS, the UE default behavior should be clarified. Our proposal is the UE should monitor PDCCH following the legacy behavior with DRX configuration. This relaxes the reliability of power saving signal and provides more flexibility to gNB. Otherwise, if UE default behavior is not to wake up and skip PDCCH monitoring during DRX_ON, network always needs to send PoSS before DRX_ON and high reliability is needed. Correspondingly, the UE behavior indication in the power saving signal should be designed by “go to sleep” principle instead of “wake-up”. When the network is congested, network can choose not to transmit PoSS at all. This makes the overhead of PoSS as zero, which is very attractive to the network operation. In addition, to design the signal as “go to sleep” principle makes the same design possible for “go to sleep” indication by L1 during DRX_ON.
Proposal 2: The indication by PoSS should be designed by “go to sleep” principle in order to reduce the reliability requirement, overhead reduction in network congestion, and commonality to "go to sleep" indication in DRX_ON.  UE default behavior of mis-detection of PoSS is monitoring the PDCCH during DRX_ON.

AGC training and early time/frequency synchronization
RS assistance before PoSS is necessary for AGC training and early time/frequency synchronization. SSB and CSI-RS (including TRS) can be used for such purpose. This can be achieved by proper resource linkage configuration (like QCL) of PoSS and these SSB/CSI-RS. These SSB/CSI-RS should not be changed based on the traffic situation as AGC training and early time/frequency synchronization needs to required even regardless of there is traffic or not (i.e. DRX is triggered or not). 


(a)


(b)
Figure 1. Examples of PoSS triggering adaptation with potential additional RS
At first, the RS for AGC training and early time/frequency synchronization are necessary for PoSS as PDCCH. In addition, as shown in the Figure 1, if the PoSS triggers the PDCCH monitoring skipping, the UE only needs to ramp down after the PoSS reception to save power. If UE is triggered to wake up and start to monitor PDCCH, RS for AGC training and early time/frequency synchronization are further necessary for UE to swiftly prepare for the upcoming DL and UL scheduling. Due to the periodic configuration and functionally in support of beam operation, RS for AGC training and early time/frequency synchronization as SSB and CSI-RS (including TRS) can be utilized to assist PoSS detection and all the ramping up preparations for the modem before real data scheduling.
Observation 2: In order to support AGC training and early time/frequency synchronization, SSB and CSI-RS (including TRS) should be properly configured by the network before PoSS. This does not require the change of the specification.

CSI reporting
For accurate DL CSI acquisition in short time duration, CSI-RS for CSI reporting should be configured together with PoSS when necessary. Although whether PoSS triggers the aperiodic CSI feedback over PUCCH is discussion point, at least to have CSI measurement available earlier using CSI-RS can reduce the time to report the CSI report and thus reduce UE active time. 
Observation 3: In order to have timely CSI feedback, CSI-RS for CSI reporting should be properly configured by the network PoSS after PoSS when UE needs to wake-up at DRX configuration. This does not require the change of the specification.

Indications by the PDCCH-based PoSS
Not only to wake-up/sleep indication of PoSS, but what other information is indicated by PDCCH-based PoSS needs the discussion according to WI. For efficient traffic adaptation, the PoSS indicates UE clearly the desired UE behavior for adaptation. Following are potential functionalities indicated by PoSS:
· PDCCH monitoring reduction/skipping. UE can be indicated by PoSS about certain PDCCH monitoring resource that can be skipped to save power. To informs the CORESET, search space and possible slots to skip are possibilities to be indicated.
· Triggering adaptation in frequency and other domains. Depending on the discussion progress of adaptation on the frequency domain, multi-antenna, DRX configuration and so on, the possible indication should also be added. To use BWP ID for such purpose is one possibility.
· When there is a data to be assigned by the network, early CSI reporting trigger are important to minimize wake-up time.
· UL channel status acquisition is important as the DL and UL traffic is always decoupled. Hence, it is beneficial to trigger SRS transmission.
Proposal 3: Before specifying DCI fields of PoSS, necessary explicit indication should be decided for PDCCH-based PoSS.

Conclusions
This contribution provide our considerations on the power saving signal/channel (PoSS) triggering adaptation. The follow conclusions are summarized below:
Proposal 1: PDCCH-based power saving signal/channel (PoSS) design should allow DMRS of PDCCH based detection as a UE implementation but the performance should be defined by PDCCH detection.
Observation 1: PDCCH-based PoSS does not require RAN4 performance test of PoSS.
Proposal 2: The indication by PoSS should be designed by “go to sleep” principle in order to reduce the reliability requirement, overhead reduction in network congestion, and commonality to "go to sleep" indication in DRX_ON.  UE default behavior of mis-detection of PoSS is monitoring the PDCCH during DRX_ON.
Observation 2: In order to support AGC training and early time/frequency synchronization, SSB and CSI-RS (including TRS) should be properly configured by the network before PoSS. This does not require the change of the specification.
Observation 3: In order to have timely CSI feedback, CSI-RS for CSI reporting should be properly configured by the network PoSS after PoSS when UE needs to wake-up at DRX configuration. This does not require the change of the specification.
Proposal 3: Before specifying DCI fields of PoSS, necessary explicit indication should be decided for PDCCH-based PoSS.
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