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1 Introduction
A new work item UE power saving in NR [1] was approved in RAN plenary meeting 83 with the following objectives:
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 various aspects on the PDCCH based power saving signal/channel such as the functionalities/design requirements and the design details and the initial link level simulation results are also presented.
2 Functionalities and design requirements  
Functionalities
Power saving signal is for triggering UE adaptation in RRC connected state. During the study item phase, UE adaptations in various dimensions such as DRX adaptation, BWP switching, PDCCH periodicity adjustment etc. have been discussed and have been shown power saving gains. However, during the discussion in RAN1 plenary meeting 83, only wake-up functionality has been agreed for the current stage since other features were relevant to RAN2 and still being discussed in RAN2. It has been agreed that the objectives would be updated based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study. Taking such conditions into consideration, it is proposed that the PDCCH based power saving signal/channel design shall support forward compatibility to allow other potential UE adaptation features besides wake-up schemes.  

Proposal 1: Forward compatibility to support other potential UE adaptation features besides wake-up schemes shall be considered for PDCCH based power saving signal/channel. 
Design requirements
As the power saving signal/channel, it shall fulfil the following design requirements:

· Support low complexity UE implementation
To enable power saving, the power saving signal/channel itself shall support low complexity detection/decoding complexity. Since PDCCH based power saving signal/channel is used, the number of blind detection shall be restricted to very limited number such as less than 10.  

· Support sufficient capacity 
With large system bandwidth, one NR cell could serve hundreds of UE to be “on-line” at the same time. Therefore, the power saving signal shall support large enough capacity to let the UEs enjoy the power saving benefits. 

· Consume fewer resources
To reduce the system overhead, one power saving signal shall consume as fewer system resource as possible. 
· Support high reliability
Power saving signal shall support reliable detection performance. The miss detection rate shall be low enough, e.g., lower than 1%. On the other hand, a slightly high false alarm rate has minor effect since an occasional false alarm just let the UE miss a sleep chance. The loss of power saving gain is very limited.

Proposal 2: PDCCH-based power saving signal shall meet the following requirements:
· Support low complexity UE implementation

· Support sufficient capacity

· Consume fewer resources
· Support high reliability
3 PDCCH-based power saving signal design 

UE-specific Power saving signal vs Group-based power saving signal

There would be two different PDCCH-based power saving signal/channel design: UE-specific PDCCH and Group-based PDCCH. For UE-specific power saving signal, each PDCCH channel only convey one UE’s power saving indication bit(s). For Group-based power saving signal, there would be power saving indication bits for multiple UEs multiplexed into the same DCI.  It is noted that very few bits would be sufficient for one UE’s power saving indication, e.g., 2 bits can support 4 power states indication and 3bits can support 8 power states indication. 
Since for both methods, PDCCH is used thus similar detection complexity and reliability can be expected. However, as 24 bits CRC parity bits are needed for both UE-specific PDCCH and Group-based PDCCH, the CRC parity bits overhead would be high for UE-specific PDCCH since only very few power saving indication bits are carried. For group-based PDCCH, with the same CRC parity bits, multiple UEs power saving indications bits can be carried. In addition, even only very few bits (such as 2 or 3 bits) are used as the power saving indication bits, the DCI bits length shall be padded to a length of at least 12 bits to enable the usage of polar coding. Hence it can be seen that group-based PDCCH has distinct advantages than UE-specific PDCCH on the indication efficiency. 
Therefore, with group-based PDCCH, it will consume fewer resources for each UE on average than UE-specific PDCCH. In addition, with one group-based PDCCH, tens of UEs’ power saving indication bits can be carried and then it can provide sufficient indication capacity. However, for UE-specific PDCCH, the indication capacity would be limited by the total available PDCCH resource used for power saving indication. 
Observation 1: group-based PDCCH has distinct advantages of the indication efficiency than UE-specific PDCCH.
Observation 2: group-based PDCCH consumes fewer resources for each UE on average and could provide sufficient indication capacity while UE-specific PDCCH consumes more resources and it is challenging to support enough capacity for UE-specific PDCCH.     
A link level simulation is performed to compare the UE-specific PDCCH and group-based PDCCH. The simulation assumptions in the following Table 1 are used.
Table 1 Simulation assumptions

	Parameters
	Value

	Carrier Frequency
	4GHz

	Simulation time
	10000 slots

	Antenna configurations
	2TX2RX

	SCS
	15 kHz

	Bandwidth
	20 MHz

	Speed
	3 /120 km/hr

	Fading channel
	TDL-C  100 ns

	PDCCH configuration
	20MHz; 2 OFDM symbols

	payload
	2 indication bits +10 padding bits for UE-specific PDCCH and  20 bits for group-based PDCCH

	
Aggregation level
	AL= 8 for UE-specific PDCCH and AL= 16 group-based PDCCH


The simulation results are shown in Figure 1. It can be seen that the required SINR is low than -9dB @ 1% BLER for group-based PDCCH while the required SINR is about -7dB @ 1% BLER for UE-specific PDCCH.  With better decoding performance, a Group-based PDCCH carries power saving indication for 10 times of UEs while using only twice the resources of UE-specific PDCCH. Therefore, Group-based PDCCH shall be supported as the PDCCH-based power saving signal/channel.
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Figure 1 Performance Comparison between UE-specific PDCCH and Group-based PDCCH

Proposal 3: Group-based PDCCH as power saving signal/channel shall be supported.

Power saving signal/channel configuration

In order to support at least the wake-up functionality, PDCCH based power saving signal/channel can be put before the DRX on-duration or at the beginning of the DRX on-duration.  If the power saving signal is put before the DRX on-duration, it is beneficial to enable CSI pre-measurement before the DRX on-duration thus when the UE is waken-up during the DRX on, the data-transmission performance can be improved with the update CSI report. In addition, it is more flexible for the network to configure different UEs’ power saving signal by configuring different timing between the power saving signal and the beginning of the DRX on-duration. Otherwise, if the power saving signal is located at the beginning of the on-duration, there is little effect on the UE’s implementation since in legacy PDCCH could be only transmitted within the DRX on-duration. 
Proposal 4: PDCCH based power saving signal/channel can be put before the DRX on-duration or at the beginning of the DRX on-duration. FFS whether they are down selected.
As discussed above, PDCCH based power saving signal/channel shall support low detection complexity. Therefore, a compact PDCCH search space shall be used for PDCCH based power saving signal/channel. Such compact PDCCH search space shall have limited PDCCH candidates and support few PDCCH aggregation levels. It is noted that for UEs in RRC connected state, the network can get the channel state information report thus proper PDCCH aggregation levels can be selected. The PDCCH search space can be predefined or configured by the network. 
Proposal 5: A compact PDCCH search space shall be used for PDCCH based power saving signal/channel.
4 Conclusion

In this contribution, we discussed on the design aspects on the PDCCH-based power saving signal/channel. Based on the discussion, we have the following observations and proposals:
Observation 1: group-based PDCCH has distinct advantages of the indication efficiency than UE-specific PDCCH.
Observation 2: group-based PDCCH consumes fewer resources for each UE on average and could provide sufficient indication capacity while UE-specific PDCCH consumes more resources and it is challenging to support enough capacity for UE-specific PDCCH.     
Proposal 1: Forward compatibility to support other potential UE adaptation features besides wake-up schemes shall be considered for PDCCH based power saving signal/channel. 
Proposal 2: PDCCH-based power saving signal shall meet the following requirements:

· Support low complexity UE implementation

· Support sufficient capacity

· Consume fewer resources
· Support high reliability
Proposal 3: Group-based as PDCCH power saving signal/channel shall be supported.

Proposal 4: PDCCH based power saving signal/channel can be put before the DRX on-duration or at the beginning of the DRX on-duration. FFS whether it shall be down selected.
Proposal 5: A compact PDCCH search space shall be used for PDCCH based power saving signal/channel.
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