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1	Introduction
UE Power Saving WID was approved in RAN#83 [1]. The objectives are as follows:
	The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  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, the detection performance of PDCCH power saving channel is addressed.
2	Discussion on Detection Performance Targets 
During the SID and in last meeting the possible detection performance targets for the power saving channel/signal were discussed. In this section, we consider the detection performance targets for PDCCH power saving channel (for wake-up purposes) and also for other purposes.  
Based on RAN2 agreements [2], UE should monitor wake-up signal before the C-DRX onDuration. When PDCCH wake-up channel out-side is not detected by UE, it does not wake up to monitoring the PDCCH during the following onDuration of C-DRX cycle. As a result of this, the latency for the data to be scheduled is increased latency at least by one C-DRX cycle. To enable short, even one, monitoring occasson for the wake-up channel, it would be necessary to ensure that the miss-detection probability is sufficiently low. For normal (active time) PDCCH the miss-detection target is set to 1%, and it would be preferable that the detection performance of wake-up signal is somewhat better than this. Thus, due to single-shot nature of wake-up operation, the target of miss-detection for PDCCH wake-up channel could be set to 0.1%. For other possible use cases of power saving signal, detection during active time is needed, where there can be assumed to be subsequent scheduling opportunities within in short time. Hence for other purposes, than wake-up, the power saving channel missed detection target could be similar as for normal scheduling PDCCH, e.g. 1%.  
Observation 1: Due to single-shot nature of power saving channel for wake-up operation, the target of miss-detection for PDCCH wake-up channel could be set to 0.1%.

Observation 2: Due to possibility for subsequent monitoring occasions for power saving signal for other purposes than wake-up triggering at the active time, the target of miss-detection can be set to 1%.  

2	PDCCH Detection Performance Results
By following the agreement in RAN1AH1901, the probability of detection, i.e. miss-detection rate detection performance is evaluated with link-level simulations in TDL-C 100ns and 300ns channels with 15kHz sub-carrier-spacing and carrier central frequency 4GHz. Appendix provides results with 30kHz sub-carrier-spacing and carrier frequency 4GHz. Further details of link-level simulation parameters can be found in Table 4. In these evaluations we have assumed the miss-detection target rate of 0.1%
Figure 2 and Figure 3 show the miss-detection performance comparison of Rel-15 PDCCH configurations with different payload sizes, i.e. 10, 20, 48 bits with different aggregation levels (AL=1,2,4,8,16), corresponding to different amount of PRBs (6, 12, 24, 48, 96), respectively. All of the Rel-15 based PDCCH configurations satisfy the 1% false-alarm performance. As could be expected, the best detection performance can be obtained with PDCCH configuration AL=16 and payload size of 10 bits. To achieve the targeted miss-detection rate for power saving signal/channel, i.e. 0.1%, around 2 dB performance gain can be obtained by reducing the payload size from 48 bits to 10 bits with large ALs of 8 and 16. Larger performance gains are obtained with smaller ALs when the payload bits are reduced. 
[image: ]
[bookmark: _Ref5003103]Figure 2. Comparison of miss-detection performance with different Rel-15 PDCCH configurations in TDL-C 100 ns channel w/ velocity of 3km/h and SCS=15kHz.
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[bookmark: _Ref5089832]Figure 3. Comparison of miss-detection performance with different Rel-15 PDCCH configurations in TDL-C 300 ns channel w/ velocity of 3km/h and SCS=15kHz.
Observation 3: To achieve the targeted miss-detection rate for wake-up signal/channel, i.e. 0.1%, around 2 dB performance gain can be obtained by reducing the payload size from 48 bits to 10 bits with large ALs=8, 16.

Table 3 summarizes required SNR values to achieve miss-detection rate <0.1% for PDCCH power saving channel for 15 kHz and 30kHz sub-carrier-spacing in TDL-C 100ns and TDL-C 300ns channels.

[bookmark: _Ref5089736]Table 3 Summary of required SNR values to achieve miss-detection rate < 0.1% for PDCCH power saving channel candidate.
	PDCCH Options
	TDL-C 100ns
SCS 15 kHz
	TDL-C 300ns
SCS 15 kHz
	TDL-C 100ns
SCS 30 kHz
	TDL-C 300ns
SCS 30 kHz

	AL-1, 10 bit
	>10
	>10 dB
	-
	-

	AL-1, 20 bit
	>10
	>10 dB
	>10 dB
	>10 dB

	AL-1, 48 bit
	>10
	>10 dB
	>10 dB
	>10 dB

	AL-2, 10 bit
	5
	5
	-
	-

	AL-2, 20 bit
	6
	6
	6
	5

	AL-2, 48 bit
	8.5
	8.5
	8
	7.5

	AL-4, 10 bit
	0.5
	0.5
	-
	-

	AL-4, 20 bit
	1
	1
	1
	1

	AL-4, 48 bit
	3
	3
	3
	3

	AL-8, 10 bit
	-2.5
	-2.5
	-3
	-3

	AL-8, 20 bit
	-2
	-2
	-2.5
	-2.5

	AL-8, 48 bit
	0
	0
	-0.5
	-0.5

	AL-16, 10 bit
	-4.5
	-5
	-5
	-5

	AL-16, 20 bit
	-4
	-4.5
	-4.5
	-4.5

	AL-16, 48 bit
	-2.5
	-3.5
	-3.5
	-3



[bookmark: _Ref534935307]Table 4 Link-level simulation parameters for detection performance evaluation.
[image: ]
3	Conclusions
In this contribution the detection performance of PDCCH-based power saving channel has been discussed. Based on the discussed, following observations and proposals have been made:-

Observation 1: Due to single-shot nature of power saving channel for wake-up operation, the target of miss-detection for PDCCH wake-up channel could be set to 0.1%.
Observation 2: Due to possibility for subsequent monitoring occasions for power saving signal for other purposes than wake-up triggering at the active time, the target of miss-detection can be set to 1%.  
Observation 3: To achieve the targeted miss-detection rate for wake-up signal/channel, i.e. 0.1%, around 2 dB performance gain can be obtained by reducing the payload size from 48 bits to 10 bits with large ALs=8, 16.

. 
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Appendix A

The miss-detection performance result of different wake-up signal/channel candidates in TDL-C 100ns and 300ns with SCS =30 kHz are shown in Figure 4 and Figure 5.
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[bookmark: _Ref1140394]Figure 4. Comparison of miss-detection performance with different Rel-15 PDCCH configurations in TDL-C 100 ns channel w/ velocity of 3km/h and SCS=30 kHz. 
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[bookmark: _Ref5089564]Figure 5. Comparison of miss-detection performance with different Rel-15 PDCCH configurations in TDL-C 300 ns channel w/ velocity of 3km/h and SCS=30 kHz.
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