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1. Introduction
According to the agreed WID [1], 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 considerations on PDCCH-based power saving signal/channel. It is noted that PDCCH-based power saving signal/channel is called by “PS-PDCCH” in this contribution. 
2. Discussion 
2.1. Power saving techniques supported by PS-PDCCH
In Study Item phase, we discussed many power saving schemes such as adaptation to the variation in frequency/time, the number of antenna, the DRX operation, and the PDCCH monitoring configuration. In this section, we discuss RAN1-centric power saving schemes decided first. 
Wake-up/Go-to-sleep/Search space set adaptation
For DRX operation, a UE can monitor PS-PDCCH at the beginning of each DRX cycle for detecting wake-up message. If the UE detects PS-PDCCH which indicates wake-up, the UE can monitor configured search space sets. On the other hand, it was observed in study item phase that a single monitoring occasion for wake-up detection can increase latency and UPT loss. This problem can be solved by multiple monitoring occasions, and it can be controlled by CORESET and search space set structure. 
Proposal 1: Support wake-up functionality by PS-PDCCH in combination with DRX. 
From the perspective of power saving, it is desirable that search space sets which is not needed to monitor in a given DRX period are ignored in the DRX period, and it can be implemented by search space set level wake up. Moreover, UE traffic based power saving can be achieved by using search space set configuration. For example, a gNB can indicate two search space set configurations with short and long monitoring periodicity. Then, if dense transmission/reception is needed to a certain UE, the gNB can indicate the UE to monitor search space set with short monitoring periodicity. In this sense, search space set level wake-up could be beneficial to save power, and a PS-PDCCH can indicate search space set level activation/deactivation for efficient power saving operation. For example, monitoring of each configured search space set can be activated and deactivated by setting corresponding bit to “1” and “0”, respectively. This functionality can be regarded as a wake-up signal at the beginning of each DRX cycle, and as a go-to-sleep signal when all search space sets are deactivated. In summary, PS-PDCCH for search space set adaptation can be used to; (1) indicate turning on some or all of the configured PDCCH search space sets, (2) indicate turning off some or all of the configured PDCCH search space sets.
Proposal 2: PS-PDCCH supports functionality of activation/deactivation of the search space monitoring per configured search space set(s). 
Other potential purposes of PS-PDCCH
The PS-PDCCH can also be used to indicate other power saving schemes such as dynamic indication of minimum K0 for cross-slot scheduling, and the number of Rx antennas (or layers) for antenna adaptation. For example, as explained in our companion paper [2], minimum K0 is explicitly signalled by PS-PDCCH for indicating available rows in a configured TDRA table. In addition, other power saving schemes (such as DRX operation and BWP/SCell) which may be discussed later can be indicated by PS-PDCCH. 
PS-PDCCH for supporting multiple functionalities
A power saving scheme can be UE-specifically determined depending on UE-specific environment (such as traffic pattern, mobility, SINR, etc.), e.g., which power saving scheme is applied, and which parameter is used for a certain power saving scheme. So, power saving related configuration such as CORESET/search space set can be UE-specifically indicated. It is noted that FFS whether search space set for other purposes can be shared with PS-PDCCH search space set.
Proposal 3: CORESET/search space set to monitor PS-PDCCH is configured UE-specifically. 
· FFS whether search space sets for other purposes can be shared with PS-PDCCH search space set.
From the perspective of complexity, it is inadequate that multiple power saving schemes have own CORESET/search space set for indicating activation/deactivation and corresponding parameters. So, we propose unified DCI/CORESET/search space set can be used for supporting multiple power saving schemes. For example, a PS-PDCCH has single DCI size and a field for indicating power saving scheme can be introduced. Other field configuration in the PS-PDCCH can be determined depending on associated power saving scheme. For example, search space on/off field and monitoring periodicity field can be used for search space set adaptation, and minimum K0 field and associated search space set field can be used for cross-carrier scheduling.
Proposal 4: PS-PDCCH design should be flexible enough to support potential multiple power saving functionalities for the UE dynamic adaptation.

3. Conclusion
In this contribution, we discuss PDCCH-based power saving signal/channel. Followings are proposed in this contribution.
Proposal 1: Support wake-up functionality by PS-PDCCH in combination with DRX.
Proposal 2: PS-PDCCH supports functionality of activation/deactivation of the search space monitoring per configured search space set(s).
Proposal 3: CORESET/search space set to monitor PS-PDCCH is configured UE-specifically. 
· FFS whether search space sets for other purposes can be shared with PS-PDCCH search space set.
Proposal 4: PS-PDCCH design should be flexible enough to support potential multiple power saving functionalities for the UE dynamic adaptation.
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