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1. Introductions
In previous meetings, the triggering adaptation of UE power consumption characteristics was discussed. Several signal/channel options and triggering method for time/frequency/antenna/processing domains have been identified. The agreement is as follows [1] [2].
	Agreements:

The power saving signal/channel for UE adaptation includes the following signals/channels for further study

· Existing signal/channel based power saving signal/channel

· PDCCH channel

· TRS, CSI-RS type  RS, SSS-like and DMRS

· PDSCH channel carried MAC CE and/or RRC signaling

· New power saving signal/channel – sequence based 
The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  

· Network resource overhead  

· Resource and/or periodicity of power saving signal/channel

· Multiplexing capability

· Usage of resource

· Coexistence/multiplexing with existed signal/channel of Rel-15

· UE-specific, group-specific, cell-specific power saving signal/channel

· Detection performance

· Complexity

· Power consumption of the power saving signal/channel
Agreements:

The performance evaluation of the power saving signal/channel should target the miss detection at X% and the false alarm rate at Y% with the following aspects identified for the proposed power saving signal/channel

· The target of miss detection X% and the false alarm rate at Y% as baseline for evaluation

· For power saving signal/channel for wake-up purpose, X=[0.1] and Y=[1]

· For power saving signal/channel for go-to-sleep purpose, X=[1] and Y=[0.1]

· Additional X and Y values are not precluded for the proposed power saving signal/channel based on the use cases and scenarios

· For any other purpose(s) of power saving signal/channel, companies to report X & Y values

· The target of miss detection would be different depending on the behaviour of miss detection of power saving signal/channel.
· If miss detection behaviour is defined as no subsequnt PDCCH reception, low miss detection rate is required in order to avoid increased latency of missed chance of the scheduling.

· If miss detection behaviour is defined as subsequent PDCCH reception, low miss detection rate is not required. 

· The miss detection performance when multiple power saving signal/channel are multiplexed on the same resource, when applicable

· The performance of the power saving signal/channel should assume realistic implementation limitations, e.g., by using realistic channel estimation and time/frequency offset estimation, etc.

Agreements:

· Companies are encouraged to consider the following aspects for the purpose of the power saving signal/channel design,

· The multiplexing capability

· Include total number of UEs supported

· The resource overhead in achieving the power saving

· The behaviour when miss detection/false alarm happens

· Multiplexing with other signals/channels

· Number of information bits

· Complexity
· Power consumption


In this contribution, we discuss some detailed aspects of power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics, and performance evaluation results of sequence based signaling and PDCCH based signaling are provided.  
2. Signal/channel for triggering adaptation of UE power consumption characteristics
This section focuses on power saving signal/channel for triggering adaptation of UE power consumption characteristics in RRC connected mode. 
As discussed in our companion paper [2], UE can be triggered to adapt to receiving characteristics in time/frequency/spatial domain, etc. The signaling methods should be studied for triggering of these UE adaptations. Depending on the expected signaling delay, the adaptation can be signaled by physical layer or higher layers signaling.
Sequence based triggering
As specified for Rel-15 NB-IoT/eMTC wake up signal, sequence based signaling can also be considered to trigger the adaptation of power consumption characteristics for NR. SSS-like sequence and CSI-RS are mentioned in [3].
SSS-like sequence is one candidate solution, which can be considered as a new signal. Its multiplexing with existing channels and signals, e.g. PDSCH/PDCCH, CSI-RS, etc., should be defined if SSS-like sequence is introduced. 
CSI-RS is already existing signal, and the multiplexing rule with other channels has already been defined in Rel-15. However, CSI-RS for power saving purpose may be different with the existing CSI-RS configuration, thus additional overhead is needed.
Besides, it is also possible for sequence based signaling to delivery fewer bits like PBCH-DMRS, in which 3 bits can be delivered. In this case, miss-detection performance will be increased and multiple correlation operation is needed. If two much bits are transmitted in a sequence, the sequence based scheme may lose the advantage of better performance and lower complexity, since the number of sequence candidate will be increased exponentially, and the detection threshold should be higher at the same time, which lead to degraded miss-detection performance. Due to the low capacity of sequence based signal, the sequence for power saving is unlikely to be group-common. Instead, UE-specific manner is more reasonable if sequence based triggering is introduced.
PDCCH based triggering
PDCCH can be used to trigger the UE from the power efficient operation to a normal monitoring operation (i.e. full monitoring). The design should allow the UE to monitor PDCCH based triggering signaling with lower complexity and power consumption compared to the full monitoring. Therefore, the blind decoding of UE to monitor the PDCCH based triggering signaling should be minimized. Two-step DCI, as discussed in Rel-15 NR study item, can also be considered as a way for PDCCH based monitoring adaptation, where the first step DCI is used to trigger/stop the UE monitoring of the second step DCI. Compared with sequence based signaling, more power consumption is needed for PDCCH decoding even if blind decoding is not considered, since channel estimation, detection, and polar decoding is needed for one blind decoding attempt.
Note that if only few bits are conveyed through DCI and padded to 12bits, the DCI decoding can also be considered as sequence detection. For example, if only 2 bits are transmitted in DCI, UE can be aware of all 4 candidate coded bit sequences, and get the 4 candidate modulated symbols based on the RNTI (for CRC attachment and scrambling), and AL. Thus, UE can treat the PDCCH decoding as sequence detection, like PBCH-DMRS blind detection. Similar to the sequence based triggering, only correlation is needed at receiver for power saving, the models like channel estimation, detection, polar decoding is not involved. This specific PDCCH format is named as ‘DCI sequence’ in this contribution. 
Similar to the discussion in sequence based scheme, if PDCCH only contains a few number of bits, it is more likely to be UE specific. When more bits are delivered and UE decode the PDCCH through decoding, PDCCH can be transmitted in group common manner.
MAC layer signaling triggering
MAC layer signaling can also be considered to trigger the UE adaptation in a faster time scale compared with the RRC reconfiguration which was supported in Rel-15. The performance of MAC layer signaling could be guaranteed since retransmission is allowed. . Nevertheless, the delay may be higher than PDCCH and sequence based scheme, especially when retransmission is need.
RRC signaling triggering
For some semi-static adaptation, e.g., at least for adaptation to number of Rx antennas and/or maximum number of DL MIMO layers, RRC signaling triggering is also one candidate. It is more robust due to retransmissions but it has longer delay than other candidates. 
In this section, the performance of sequence based signaling and PDCCH based signaling are evaluated, the simulation results are shown in Fig.1. The simulation parameters are given in Appendix.
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           (a) 1%  target false alarm                                                     (b) 0.1% target false alarm
Figure 1: Performance of PDCCH based and sequence based power saving signal.
As illustrated in Figure.1, the performance of sequence based signaling can achieve better performance compared with PDCCH. However, the PDCCH based signaling can also deliver more bits (at least 12 bits) compared with sequence based signaling. When only one or two bits is conveyed through PDCCH, the performance of DCI sequence is much better than the PDCCH detected through polar decoding with the same aggregation level(AL=2). Besides, if more bits is transmitted through sequence, the performance will get worse.
As mentioned in [2], in addition to the dectection performance, the detection complexity, overhead, capacity, co-existance with existing signals/channels and delay also need to be considered for power saving signal and channel. Based on the disscussion above, the pros and cons of the potential power saving signals/channels are given in Table 1.
Table 1: Comparison of different kinds of power saving channel/signal
	Schemes
	Performance
	Complexity
	Overhead
	Coexistence/

Multiplexing
	Capacity (number of bits delivered)
	Delay

	SSS-like
	Good
	Good
	Low
	Bad
	Fewer
	Low

	CSI-RS
	Good
	Good
	Good
	Normal
	Fewer
	Low

	PDCCH channel
	Normal
	High
	Normal
	Good
	More
	Low

	PDCCH-DCI sequence
	Good
	Low
	Low
	Good
	Fewer
	Low

	MAC-CE
	Normal
	High
	High
	Normal
	More
	High

	Note: PDCCH channel means PDCCH is decoded through polar decoding. DCI sequence means PDCCH is detected through sequence detection, no polar code decoding is involved.


Based on the above discussion and simulation results, PDCCH is more flexible if more information bits need to be conveyed through power saving signal to trigger UE adapting to different kinds of characteristics. On the other hand, if only a few bits is need to transmitted, PDCCH can be detected through sequence detection, in this case, the lower power consumption due to simple receiver structure can also be obtained. 
Observation 1: PDCCH has the flexibility to deliver more bits to adapt to different power saving characteristics, and achieve the comparable performance and complexity compared with sequence based power saving signal.
It is worth noting all the above signaling can be based on existing Rel-15 signaling or new signaling. However, it is needed to first clarify the UE adaptation schemes with details, and then evaluate the suitable power saving channel/signaling for the clarified UE adaptation schemes, considering the number of bits to be delivered by the channel/signaling. 
Proposal 1: First clarify the UE adaptation schemes with details, and then evaluate the suitable power saving channel/signaling for the clarified UE adaptation schemes, considering the number of bits to be delivered by the channel/signaling.

3. Procedure for triggering UE adaptation in time domain processing
In RAN1 #95 meeting, it is agreed that:
	Agreements:

The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,

· Multiple CORESET/search space configurations 

· Configuration of different PDCCH periodicities with dynamic signaling

· Adaptation of CORSET/search space configuration – DCI/timer/HARQ-ACK based indication 

· Dynamic/semi-persistent CORSET/search space ON/OFF

· Adaptation between DRX ONduration timer and inactivitytimer

· Separated PDCCH monitoring of DL and UL




Based on the above agreement, three schemes for adaptive CORESET/search space configurations are discussed as follows.
· Scheduling DCI / Non-scheduling DCI  triggered 
L1 triggering of CORESET/search space configurations is faster than MAC and RRC signaling. Several directions can be considered as follows,

-Scheduling DCI based triggering. For example, a CORESET/search space configuration is indicated/instructed by 1 or 2 new bits carried by a PDCCH grant. 

-Non-scheduling DCI based triggering. For example, a new DCI format can be used to indicate the CORESET/search space configurations, when there is no data to scheduling and thus no scheduling PDCCH is needed.
Both of the above methods can adapt the traffic characteristics well and at the same time power saving gain can be obtained through reducing the PDCCH blind decoding. 

· HARQ-ACK/NACK based triggering
For services with fixed or almost fixed inter-packet arrival, e.g. VoIP or real time video, the packet arrives with fixed periodicity, e.g. 20ms. Semi-persistent scheduling (SPS) can be configure to schedule PDSCH for the new transmission of packets, to save power of PDCCH monitoring. Assuming a 10% retransmission probability, it is difficult to forecast the potential retransmissions. It is better to configure additional PDCCH monitoring occasions for potential retransmission next to the semi-persistent scheduling occasions and such additional PDCCH occasions are monitored only when the latest semi-persistent scheduling is not decoded successfully (as in Figure 2). In this case, UE can skip the unnecessary monitoring occasions for retransmissions, which can be regarded as “event triggered” PDCCH monitoring occasions. 
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Figure 2: PDCCH monitoring occasions activated by PDSCH failure/ HARQ-ACK/NACK 
We evaluated the above enhanced scheme (Figure 2) compared with Rel-15 baseline (shown in Figure 3), in which all the PDCCH monitoring occasions are activated by RRC configuration without additional triggering.
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Figure 3: PDCCH monitoring occasions activated by RRC signaling

We evaluated the above enhanced scheme (Figure 2) compared with Rel-15 baseline (shown in Figure 3), in which all the PDCCH monitoring occasions are activated by RRC configuration without additional triggering.
Only voice packet is modelled and SID packet is not modelled. DL only is assumed. SPS is used to transmit new transmission of voice packets. So PDSCH only power model is used for new transmission of voice packets. The RTT (round trip time) between new transmission and the relevant 1st retransmission is 10ms. 10% BLER is assumed for initial SPS PDSCH transmission. 0% BLER is assumed for the 1st retransmission, i.e., no 2nd retransmission. The used power model is listed in Table 2 below, which is the same as the agreed power model in the RAN1 #94bis and #95 meetings.

According to the simulation results, about 20% power is saved by the enhanced PDCCH monitoring scheme, compared with the existing scheme, due to the reduced PDCCH monitoring for potential retransmissions.

Proposal 2: For DL SPS, UE monitoring in PDCCH search space for retransmission can be triggered by decoding failure of SPS PDSCH.
Table 2. The power model used for simulation
	Power State
	Relative Power

	Light Sleep
	20

	PDCCH-only
	100

	PDCCH + PDSCH
	300

	PDSCH only
	280

	Additional transition energy for light sleep
	100 X 1ms


· Adaptation between DRX ONduration timer and inactivitytimer
In Rel-15, when CDRX is configured, if RRC signaling configures PDCCH monitoring occasions for a UE, the UE will monitor PDCCH according to the configurations when onDurationTimer or InactivityTimer is running. 

For CDRX, UE will monitor PDCCH when onDurationTimer is running, if there is no PDCCH indicating a new transmission (no DL or UL data), UE may go to sleep when onDurationTimer expires. If there is PDCCH indicating a new transmission, InactivityTimer will be started and UE will keep monitoring PDCCH when InactivityTimer is running, until InactivityTimer expires. It is beneficial to configure a longer PDCCH monitoring periodicities when there is no DL or UL data (i.e., InactivityTimer is not started) to save UE power, and to trigger a shorter PDCCH monitoring periodicities when DL or UL data arrives (i.e., InactivityTimer is started) to increase the transmission efficiency. Thus the PDCCH monitoring configurations including periodicities can be automatically changed when InactivityTimer is started. 
In this scheme, as shown in Figure 4, when onDurationTimer is running, the first set of PDCCH monitoring occasions with a longer periodicity (e.g., 10 slots) configured by e.g., RRC signaling, can be used. Once PDCCH indicating a new transmission is received (the red box in Figure 4), i.e., InactivityTimer is started, the second set of PDCCH monitoring occasions with a shorter periodicity (e.g., 1 slot) are activated automatically. The second set of PDCCH monitoring occasions with shorter periodicity is configured in advance, by e.g. RRC signaling, and is automatically activated/triggered when InactivityTimer is started. 
Observation 2: It is beneficial to configure a longer PDCCH monitoring periodicities when there is no DL or UL data (i.e., InactivityTimer is not started) to save UE power, and to automatically trigger a shorter PDCCH monitoring periodicities when DL or UL data arrives (i.e., InactivityTimer is started) to increase the transmission efficiency.
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Figure 4: PDCCH monitoring adaptation between DRX ONduration timer and inactivitytimer
Proposal 3: The following enhancement need to be studied and specified
· Scheduling DCI/Non-scheduling DCI triggered adaptation of different CORESET/search space configurations 
· For DRX, Autonomous adaptation of different CORESET/search space configurations when DL/UL grant is received during ONduration timer.
4. Considerations for triggering signalling in RRC IDLE/inactive mode

In IDLE/inactive mode, how to reduce the unnecessary paging monitoring is to be studied in the SI. Paging indication is considered as one candidate solution to skip the unnecessary paging monitoring thus save UE power. UE is required to decode the paging message only when positive paging indication signaling is detected. Having a common triggering mechanism between RRC connected mode and IDLE/inactive mode paging is beneficial in terms of standardization efforts and implementation complexity. Different triggering mechanism design for RRC IDLE/inactive mode, if any, compared with RRC connected mode design, should be justified with significant power saving gain. Therefore, the physical layer signaling mechanisms as recommended for RRC connected mode should be reused for IDLE/inactive mode paging indication as much as possible.
Proposal 4: The physical layer signaling mechanisms as recommended for triggering UE adaptation in RRC connected mode should be reused for IDLE/inactive mode paging indication as much as possible.
5. Conclusions
In this contribution, we discuss some detailed expects of power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics, and give the following observations and proposals:
Observation 1: PDCCH has the flexibility to deliver more bits to adapt to different power saving characteristics, and achieve the comparable performance and complexity compared with sequence based power saving signal.
Observation 2: It is beneficial to configure a longer PDCCH monitoring periodicities when there is no DL or UL data (i.e., InactivityTimer is not started) to save UE power, and to automatically trigger a shorter PDCCH monitoring periodicities when DL or UL data arrives (i.e., InactivityTimer is started) to increase the transmission efficiency.

Proposal 1: First clarify the UE adaptation schemes with details, and then evaluate the suitable power saving channel/signaling for the clarified UE adaptation schemes, considering the number of bits to be delivered by the channel/signaling.
Proposal 2: For DL SPS, consider the UE monitoring of PDCCH search space for retransmission triggered by decoding failure of SPS PDSCH.
Proposal 3: The following enhancement need to be studied and specified
· Scheduling DCI/Non-scheduling DCI triggered adaptation of different CORESET/search space configurations 
· For DRX, Autonomous adaptation of different CORESET/search space configurations when DL/UL grant is received during ONduration timer.
Proposal 4: The physical layer signaling mechanisms as recommended for triggering UE adaptation in RRC connected mode should be reused for IDLE/inactive mode paging indication as much as possible.
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Appendix

Table A-1 Simulation parameters for miss-detection performance of power saving signal

	Simulation parameters
	values

	Bandwidth
	20 MHz

	Channel model
	TDL-C Low 100ns 10Hz 1X2

	Subcarrier spacing
	30 kHz

	Target false alarm rate 
for 
CSI-RS/SSS-like/DCI sequence
	1% and 0.1%

	PDCCH payload
	12 bits

	PDCCH aggregation level
	2 4 8

	DCI sequence aggregation level
	2
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