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1. Introduction
In the WID of UE Power Saving in NR [1], following objectives are captured.
	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, PDCCH-based power saving signal/channel is discussed.

2. Discussion 
In the SI phase, RAN1 has discussed on the power saving techniques based on power saving signal/channel, especially the PDCCH-based power saving signal/channel, and the power saving gain was shown. For example, the assumed basic procedure based on wake-up signal(WUS) is following: the UE monitors WUS before the UE starts monitoring PDCCH within DRX on-duration, and if the UE detects the WUS, the UE monitors PDCCH within DRX on-duration. Otherwise, the UE can skip PDCCH within DRX on-duration. Power consumption by attempt of WUS detection is assumed to be less than that by attempt of PDCCH detection within DRX on-duration, since the UE can optimize the activation of hardware, PDCCH processing time and so on based on time between WUS and DRX on-duration. The other schemes based on the power saving signal/channel were proposed. According to another proposal based on go-to-sleep signal(GTS), the difference compared with the procedure above is that the UE can skip PDCCH within DRX on-duration if the UE detects the power saving signal/channel. Otherwise, the UE has to monitor PDCCH within DRX on-duration. The one benefit on this scheme is that default UE behaviour, i.e., UE does not detect the power saving signal/channel, is same as legacy Rel-15 UE. The one drawback is that gNB cannot indicate additional information on the power saving signal/channel e.g., information for subsequent PDCCH reception. Another aspect is the timing of power saving signal/channel. It is assumed for the two procedures above that the power saving signal/channel is located before DRX on-duration. However, it is also possible to consider that the power saving signal/channel is located within DRX on-duration, e.g., the beginning of DRX on-duration or middle of DRX on-duration. For example, if DRX on-duration consists of multiple slots but monitoring only on the part of them is sufficient at specific timing, WUS or GTS located within DRX on-duration is beneficial. Therefore, for the concept of the power saving signal/channel, these aspects can be considered.

Proposal 1: For the concept of the power saving signal/channel, following options can be considered. 
· The wake-up signal located before DRX on-duration
· The wake-up signal located within DRX on-duration
· The go-to-sleep signal located before DRX on-duration
· The go-to-sleep signal located within DRX on-duration

In order to maximize the benefit, the power saving signal/channel resource(s) needs to be configured flexibly. The Rel-15 PDCCH configuration, i.e., search space/CORESET configuration, seems almost sufficient in terms of the flexibility. Thus, the Rel-15 PDCCH configuration should be starting point as the power saving signal/channel configuration. It would be also better considering co-existing between the power saving signal/channel and the other PDCCH/other channel.  Additional power saving signal/channel specific information is further studied.

Proposal 2: The Rel-15 PDCCH configuration should be starting point as the power saving signal/channel configuration. 
· FFS: additional power saving signal/channel specific information

Although the power saving can be realized by the power saving signal/channel, some drawbacks can be considered. For instance, resource overhead by the power saving signal/channel cannot be avoided. On the other hand, performance degradation should be avoided as much as possible. Thus, assuming the case of WUS, miss detection rate of the WUS should be lower than that of PDCCH within DRX on-duration. If gNB transmits the WUS and the UE miss it, the latency is increased and some resource, i.e., PDCCH/PDSCH, is wasted. Since the WUS is PDCCH-based and the basic design, e.g., waveform, coding, is same as PDCCH, one possible difference would be DCI design. Since the number of information bits in the DCI would impact on miss detection performance, DCI design for WUS should be considered so that miss detection rate of the WUS can be lower than that of normal PDCCH. On the other hand, in case of GTS, since default behaviour is to monitor PDCCH within DRX on-duratin, performance impact may be marginal. Also, since the GTS would be enough to indicate go-to-sleep to the UE(s) and additional information might not be necessary, the information bits in the DCI may not matter.

Proposal 3: DCI design at least for WUS, if supported, should be considered so that miss detection rate of the WUS can be lower than that of normal PDCCH.

Especially for FR2, beamforming perspective needs to be considered. Considering analogue beamforming for FR2, multiplexing the power saving signal/channels would be restricted. The power saving signal/channel design needs to be considered, if necessary, taking into account the restriction by analogue beam forming. This issue is related to group based power saving signal/channel and the assumed number of UEs in a group and the assumed number of groups may need to be considered. 

Proposal 4: The restriction by analogue beamforming should be taken into account for power saving signal/channel design, if necessary.

3. Conclusion
In this contribution, PDCCH-based power saving signal/channel was discussed. Based on the discussion, the following proposals were made:
Proposal 1: For the concept of the power saving signal/channel, following options can be considered. 
· The wake-up signal located before DRX on-duration
· The wake-up signal located within DRX on-duration
· The go-to-sleep signal located before DRX on-duration
· The go-to-sleep signal located within DRX on-duration
Proposal 2: The Rel-15 PDCCH configuration should be starting point as the power saving signal/channel configuration. 
· FFS: additional power saving signal/channel specific information
Proposal 3: DCI design at least for WUS, if supported, should be considered so that miss detection rate of the WUS can be lower than that of normal PDCCH.
Proposal 4: The restriction by analogue beamforming should be taken into account for power saving signal/channel design, if necessary.
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