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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK2]The revised WID on NR UE power saving [1] was approved in RAN#83 plenary meeting. The detailed objectives for UE power saving in WID are as follows:
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
In this contribution, we discuss the consideration and design of  PDCCH-based power saving signal.
[bookmark: OLE_LINK5] Usage
In SI stage, the usages of power saving signal were well discussed [3]. It was assumed in [2] that the power saving channel is associated with C-DRX. In this case, the power saving channel could be utilized as a wake-up signalling to indicate of UE whether need to monitor PDCCH or not, as it shown in Figure 1.
[image: ]
Figure 1  Power saving signal for wake-up indication
In addition, a more flexible PDCCH search space configuration is supported by NR. In NR, the maximum number of search space per BWP configured by RRC siganlling could be up to 10. Each search space defines a PDCCH monitoring periodicity. It also showed in [3] the power consumption would be reduced when the PDDCH monitoring behavior such as the periodicity/a subset of search space could be adaptive to the traffic arriving.
[bookmark: OLE_LINK11][bookmark: OLE_LINK3]In frequency domain, aperiodic reference signal, such as CSI-RS, TRS, could be triggered by the power saving signal associated with BWP switching which is shown in Figure 2. It is beneficial to reduce UE power consumption. Furthermore, it facilitates the network and UE to have a better knowledge of the channel information such as channel state condition, or beam information and so on in advance. The network does not have to schedule UE with a conservative MCS. It is advantageous to improve the network performance and reduce the resource overhead as well. More detailed discussion could be referred in our companion contribution [4]. 
[bookmark: OLE_LINK12][image: ]
Figure 2 aperiodic CSI-RS triggered by power saving signal
[bookmark: OLE_LINK4]In spatial domain, the MIMO configuration such as maximum MIMO layer, maximum number of antenna ports for data reception or transmission could also be adaptive. It is shown in [3] that the power consumption could be reduced and impact on the network performance is tolerable in the case of a desirable SINR. In this case, a interruption for the dynamic MIMO configuration switching is needed, which would be discussed in RAN4 during the WI stage [1]. More detailed discussion about adaptation in MIMO domain could be referred in our companion contribution [4]. 
Observation 1: The power saving signal combined with other techniques such as DRX operation, PDCCH monitoring, BWP switching, and MIMO configuration has benefit in UE  power saving.
Besides, there are also schemes in which the power saving signal is used as go-to-sleep signalling. The GTS signalling indicates UE to sleep for a while or terminate the inactivity timer. For the former method, the resource overhead is increased and the power saving gain can also be achieved by an adaptive PDCCH monitoring periodicity. As to the latter one, there is a MAC CE signaling which has already achieved very similar functionality. Even a latency of several milliseconds compared to the layer 1 signalling is taken into consideration, the power saving gain of MAC CE based GTS is still significant. The MAC CE signalling with HARQ feedback could guarantee the common understanding between gNB and UE. From this perspective, whether utilizing the power saving signal as GTS or not should be further discussed.
[bookmark: OLE_LINK8]Proposal 1: The power saving signal can be used to trigger UE adaptation to DRX operation, PDCCH monitoring, BWP switching and MIMO configuration.
Given that power saving signal combined with different schemes could be applied to different scenarios, the power saving gain could be exploited to its most. Furthermore, it is not necessary for the UE with different capabilities to support the same power saving techniques or configurations. It is suggested that the usages of the power saving signal are configurable. The interpretation of the information conveyed by the power saving signal is up to configuration.
Proposal 2: Support flexible configuration of power saving signal usage for triggering UE adaptation. 
 Power saving signal
The design of PDCCH-based power saving signal includes the payload, aggregation level, search space, CORESET and blind decoding times and so on. Herein the performance and possible design of PDCCH-based power saving signal are discussed.
 BLER performance
It was agreed that the SINR values of -6dB, 3dB, 20dB should be evaluated for power saving signal detection performance. The target miss detection and false alarm rate for wake-up purpose are 0.1% and 1%, respectively. The simulation assumptions are in the Table A1 in Appendix. In the simulation, the DCI payload is padded to 12 bits when the length of information bits is less than that.
[bookmark: OLE_LINK13]It can be observed from the simulation results in Figure 3 that when the DCI size is no greater than 12 bits, AL 8 can fulfill the BLER requirement for cell-edged UE. When the DCI size is greater than 12 bits, AL 16 is needed to guarantee the miss detection performance. As the false alarm rate ensured by the 24 CRC bits is much lower than the requirement, using some of the distributed CRC bits could further improve the performance. However, to guarantee the detection performance of power saving signal and scheduling flexibility, all the aggregation levels including AL 16 should be supported and a DCI size larger than 12 bits should be supported to allow more information to be conveyed. 
[image: IMG_256]
Figure 3 BLER performance with Polar decoding for different payloads and aggregation levels
Observation 2: If the DCI size is no greater than 12 bits, AL 8 can fulfill the BLER requirement for cell-edged UE. Otherwise, a higher AL is needed.
[bookmark: OLE_LINK9]Proposal 3: To guarantee the detection performance of power saving signal and scheduling flexibility, all the aggregation levels including AL 16 should be supported and a DCI size larger than 12 bits should be supported to allow more information to be conveyed. 
 Multiplexing
The monitoring occasion or search space of PDCCH-based power saving signal should be differentiated from other DCI format. For example, the PDCCH-based power saving signal could be located before the DRX-on if DRX is configured, while UE is not required to monitor other DCI formats during DRX-off. From this perspective, the introduction of the PDCCH-based power saving signal would not necessarily increase the blind decoding times of the target UE. However, for other UEs, the blocking rate would be increased due to the introduction of the power saving signal. The problem could be eased when group-common PDCCH is used.
Proposal 4: A group-common PDCCH is proposed to be used as the power saving signal.
It can be seen from the simulation results in Figure 3 that a larger DCI size would decrease the BLER performance or increase the resource overhead. One of the key points for the design of GC-PDCCH based power saving signal is how to convey the information of power saving purpose with the limited DCI capacity.  For example, the power saving profile could be considered. A triggering state could be associated with a power saving profile. The power saving techniques in different domains are included in the triggering state. For each UE in the group, the PDCCH-based power saving indicates triggering state which associated with multiple power saving techniques.
For GC-PDCCH, the information of different UEs is coded together. Compared with other group-common DCI formats, the power saving PDCCH is meant to convey more information with more bits for each UE, e.g., PDCCH monitoring of other search space, BWP… etc.  If the number of triggering states of each UE is a power of two, a similar design with DCI format 2_3 would take full use of all the possible states of the DCI. However, when the number of triggering state is not a power of two, some DCI codepoint states are useless. It is better to reduce the unused DCI codepoint states and also the DCI payload.
Observation 3: If a similar design with DCI format 2_3 is considered and the number of UE triggering state is not a power of two, some DCI codepoint states are useless.
Proposal 5: In the design of power saving DCI format, the DCI payload and potentially unused DCI codepoint states should be reduced.
[bookmark: OLE_LINK7]It should be considered that the configurations, such as the DRX operation, to be dynamically indicated by power saving signal are UE-specific. So an improper grouping method would potentially degrade the power saving gain.
 Configuration
As to the monitoring periodicity and occasion of the PDCCH-based power saving signal, it could be configurable due to its different usages.  When the PDCCH-based power saving signal is used to indicate UE to adapt to DRX operation, the periodicity of the search space of PDCCH-based power saving signal could be a multiple of DRX cycles and the location could be before or at the beginning of the DRX-on. However, for other usages, the corresponding periodicity and occasion need further discussion.
Proposal 6: The monitoring periodicity and occasion of the PDCCH-based power saving signal are configurable and depend on the usage.
It is beneficial to have a power-efficient power saving signal. From this perspective, the number of candidates of each aggregation level should be limited. At the same time, with the limited number of candidates,  it should consider the situation of a potential overlap between the power saving signal and other signals or channels. Without indication of wake-up, the UEs in the group would not monitor PDCCH for a whole DRX cycle which would increase latency. From this perspective, the power saving signal configured with the usage of wake-up has higher priority than other channel or signals.
Proposal 7: The number of candidates of each aggregation level of power saving signal should be limited to reduce the detection complexity.
Proposal 8: The power saving signal configured with the usage of wake-up has higher priority than other channel or signals.
A flexible configuration of search space and CORESET is already supported  by Rel-15. The PDCCH-based power saving signal should reuse the existing design as much as possible. 
Proposal 9: The PDCCH-based power saving signal should reuse the existing search space and CORESET design. 
In addition, as design of the power saving PDCCH should also take FR2 operation into account, how to determine the QCL assumption of the PDCCH-based power saving signal should also considered. 
Proposal 10: The QCL assumption of PDCCH-based power saving signal should also considered. 
 Conclusion
In this contribution, we discuss the considerations on PDCCH-based power saving signal , and have the following proposals: 
Observation 1: The power saving signal combined with other techniques such as DRX operation, PDCCH monitoring, BWP switching, and MIMO configuration has benefit in UE  power saving.
Observation 2: If the DCI size is no greater than 12 bits, AL 8 can fulfill the BLER requirement for cell-edged UE. Otherwise, a higher AL is needed.
Observation 3: If a similar design with DCI format 2_3 is considered and the number of UE triggering state is not a power of two, some DCI codepoint states are useless.
Proposal 1: The power saving signal can be used to trigger UE adaptation to DRX operation, PDCCH monitoring, BWP switching and MIMO configuration.
Proposal 2: Support flexible configuration of power saving signal usage for triggering UE adaptation. 
Proposal 3: To guarantee the detection performance of power saving signal and scheduling flexibility, all the aggregation levels including AL 16 should be supported and a DCI size larger than 12 bits should be supported to allow more information to be conveyed. 
Proposal 4: A group-common PDCCH is proposed to be used as the power saving signal.
Proposal 5: In the design of power saving DCI format, the DCI payload and potentially unused DCI codepoint states should be reduced.
Proposal 6: The monitoring periodicity and occasion of the PDCCH-based power saving signal are configurable and depend on the usage.
Proposal 7: The number of candidates of each aggregation level of power saving signal should be limited to reduce the detection complexity.
Proposal 8: The power saving signal configured with the usage of wake-up has higher priority than other channel or signals.
Proposal 9: The PDCCH-based power saving signal should reuse the existing search space and CORESET design. 
Proposal 10: The QCL assumption of PDCCH-based power saving signal should also considered. 
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Appendix 
Table A1 Simulation assumptions for LLS
	parameters
	value

	Channel condition
	TDL-C 300ns

	Antenna configuration
	2Tx2Rx

	Payload sizes (excluding CRC )
	4、8、12、20、30、40bits

	AL
	1、2、4、8
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