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Introduction
[bookmark: _Ref465413974]In RAN#83, WID for UE power saving is agreed with below WI objectives [1]:
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 provide evaluation results for the power saving schemes proposed in [3].

Evaluation on power saving gain 
According to the potential functionalities of power saving signal/channel in [3], the power consumption model for the following two cases need to be defined: 
· PDCCH-based power saving channel with DCI size larger than 1
· PDCCH DMRS based power saving signal without DCI 

The suggested relative power value for each of case is summarized in Table 1. 
Table 1.  Power consumption model for power saving signal/channel
	PoSS structure
	Relative power
	Note

	PDCCH-based with DCI size >0
	70 – 100
	Same as PDCCH-only state. Depending on the number of BDs, the power level can be varied from 70 to 100.

	PDCCH DMRS based without DCI
	55 – 70
	The minimum power 55 is obtained by adding 10 more power to the power for micro sleep (45). Depending on the configurations of the sequences, it can be scaled up to 70.
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Proposal 1. Consider the power consumption model for power saving signal/channel detection in Table 1.
For the simulation results in  the following, we consider FTP3 traffic model with mean of arrivals equals to 200ms, and power model for different activities in [2]. The baseline for No C-DRX case is PDCCH monitoring periodicity of 0.5ms, and the baseline for C-DRX case has CDRX configuration as: (C-DRX cycle, On duration, InActivity) = (160ms,8ms,100ms).
2.1 Adaptation on PDCCH monitoring periodicity/duration
In this sub-section, we evaluate the performance for using power saving signal/channel to trigger adaptation on PDCCH monitoring periodicity and duration. The baseline has fixed PDCCH monitoring periodicity of 1 slot and duration of 1 slot. 
	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Samsung
	Trigger dynamic scaling on PDCCH monitoring periodicity, T, and duration, D.

1st DCI field (1bit):
“1”: T = min(2*T, T_max);
“0”: T = max(T/2, 1).

2nd DCI field(1bit):
“1”: D = min(2*D, T);
“0”: T = max(D/2, 1).

	51.1%-88.5%
	#1: 51.1%

#2: 69.2%

#3: 74.1%

#4: 88.5%

	#1: 420.6Mbps

#2: 170.1Mbps

#3: 82Mbps

#4: 39.1Mbps

	Negligible,

PDCCH-based power saving signal has sane monitoring periodicity as PDCCH monitoring periodicity.
	No C-DRX
Different  cases have different value of T_max,
Case #1: 5ms
Case #2: 10ms
Case #3: 20ms
Case $4: 40ms
	Numerical simulation
One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits.

	
	
	45.8%-79.8%
	#1: 45.8%

#2: 63.2%

#3: 68.0%

#4: 79.8%

	#1: 14.1Mbps

#2: 15..1Mbps

#3: 15.0Mbps

#4: 13.2Mbps

	
	w/  C-DRX
Different  cases have different value of T_max,
Case #1: 5ms
Case #2: 10ms
Case #3: 20ms
Case $4: 40ms
	



Observation 1: The power saving scheme for dynamic scaling on PDCCH monitoring periodicity and duration shows 51.1%-88.5% and 45.8%-79.8% power saving gain for no C-DRX configured case and with C-DRX configured case, respectively.

2.2 Adaptation on PDCCH candidates per CCE AL 
In this sub-section, we evaluate the performance for using power saving signal/channel to trigger adaptation on the number of blind decoding per PDCCH monitoring occasion. The baseline has fixed number of blind decoding of 36.
	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Samsung
	Trigger adaptation on PDCCH candidates per activated CCE AL.

	DCI field
	Scalar on PDDCH candidate per activated CCE AL

	00
	25%

	01
	50%

	10
	75%

	11
	100%





	5.4%-22.3%
	
	1.735Gbps
	Negligible,

PDCCH-based power saving signal has sane monitoring periodicity as PDCCH monitoring periodicity T

	No C-DRX

	Numerical simulation

One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits.

	
	
	4.9%-21.1%
	
	19.1Mbps
	
	w/  C-DRX
	



Observation 2: The power saving scheme for dynamic scaling on PDCCH candidates per CCE AL shows 5.4%-22.3% and 4.9%-21.1% power saving gain for no C-DRX configured case and with C-DRX configured case, respectively.

2.3 Adaptation (de)activation on search space sets per PDCCH monitoring periodicities 
In this sub-section, we evaluate the performance for using power saving signal/channel to trigger (de)activation of all the search spaces in one and/or a number of next K consecutive PDCCH monitoring periodicities. 
	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Samsung
	Trigger (de)activation of search space per PDCCH monitoring periodicity

Filed 1(1bit):
“1”: deactivate current PDCCH monitoring periodicity
“0”: activate current PDCCH monitoring periodicity

Filed 2(1bit):
“1”: deactivate next K PDCCH monitoring periodicities
“0”: activate next K PDCCH monitoring periodicities 
	29.78%-48.39%
	#1: 29.78%

#2: 42.19%

#3: 46.32%

#4: 48.39%

	#1: 1.74Gbps

#2: 1.15Gbps

#3: 0.87Gbps

#4: 0.69Gbps

	Negligible,

PDCCH-based power saving signal has sane monitoring periodicity as PDCCH monitoring periodicity T

	No C-DRX
K is different for different cases
Case #1:0
Case #2: 1
Case #3: 2
Case #4: 3
	Numerical simulation
One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits.

	
	
	27.85%-45.4%
	#1: 27.85%

#2: 39.50%

#3: 43.2%

#4: 45.4%

	#1: 19.37Mbps

#2: 19.20Mbps

#3: 19.25Mbps

#4: 18.86Mbps

	
	w/  C-DRX
K is different for different cases
Case #1:0
Case #2: 1
Case #3: 2
Case #4: 3
	



Observation 3: The power saving scheme for (de)activation search space sets per PDCCH monitoring periodicity shows 29.78%-48.39% and 27.85%-45.4% power saving gain for no C-DRX configured case and with C-DRX configured case, respectively.

2.4 Adaptation (de)activation on search space sets per DRX cycles 
In this sub-section, we evaluate the performance for using power saving signal/channel to trigger (de)activation of all the search spaces in one and/or a number of next K consecutive C-DRX ON duration.
	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Samsung
	Trigger (de)activation of search space per DRX cycles

Filed 1(1bit):
“1”: deactivate current DRX ON duration
“0”: activate current DRX ON duration

Filed 2(1bit):
“1”: deactivate DRX on duration in next K DRX cycles
“0”: activate DRX on duration in next K DRX cycles
	9.37%-48.66%
	#1: 9.37%

#2: 26.47%

#3: 39.29%

#4: 48.66%

	#1: 17.46Mbps

#2: 8.21Mbps

#3: 5.16Mbps

#4: 3.66Mbps

	Negligible,

PDCCH-based power saving signal is on the first PDCCH monitoring occasion in the DRX ON duration

	
K is different for different cases
Case #1:0
Case #2: 1
Case #3: 2
Case #4: 3
	Numerical simulation
One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits.



Observation 4: The power saving scheme for (de)activation search space sets per DRX cycle shows 9.37%-48.66% power saving gain. 


2.5 PDSCH reception with PDCCH monitoring 
In this sub-section, we evaluate the performance for using power saving signal/channel to trigger PDSCH reception without PDCCH monitoring.
	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	Samsung
	Trigger dynamic PDSCH reception without PDCCH monitoring 
	44.71%
	


	:1.74Gbps
	
PDCCH DMRS-based power saving signal with monitoring periodicity, T = 0.5ms/1slot
	No C-DRX

	Numerical simulation
One PDSCH over 10 symbols in one slot is capable of carrying 868584 information bits.

	
	
	42.09%
	
	19.27Mbps
	
	w/  C-DRX
	



Observation 5: The power saving scheme for (de)activation search space sets per PDCCH monitoring periodicity shows 44.71 and 42.09% power saving gain for no C-DRX configured case and with C-DRX configured case, respectively.


Detection performance for DMRS-based power saving signal

According to the power saving schemes in [3], a DMRS based PoSS can carry at least 1 bit information that can be used for (de)activation of search space set(s) or indicate PDSCH reception without PDCCH monitoring. It is noted that in NR-U, using PDCCH DMRS similar to a wake up signal has been agreed to be supported in RAN1 NR AH1901.

Figures 1 show evaluation results on MDR at target FA of 1%. For DMRS-based PoSS, wideband RS is used and the CORESET is configured with contiguous RBs. Therefore, DMRS is transmitted over the whole configured CORESET region in the frequency domain. 

[image: C:\Users\qiongjie.l\Desktop\Projects\NR_UE_power_consumption\96\DMRS_MDR.jpg]
Figure 1: MDR of DMRS based PoSS
Observation 6: The MDR of PDCCH DMRS based PoSS varies according to different configurations
MDR decreases as the number of PoSS OFDM symbols and BW increases
Generally, MDR decreases as the sequence length increases. If a sufficient number of REs is used for PoSS transmission, a target MDR (e.g., 10-2) for a given FA (e.g., 10-2) can be usually met. For a given PoSS sequence length, a better MDR performance can be achieved as the sequence is transmitted via a more compact time/frequency region since non-coherent detection is assumed. A preferred configuration for PoSS depends on the channel condition such as delay spread, Doppler shift, etc. Therefore, support for UE assistance information can be considered for the preferred PoSS parameters as they cannot be always accurately estimated by the gNB, for example in FDD as the DL channel can be different than the UL channel. Moreover, a gNB has less motivation to implement such parameter estimation than a UE and this may make a deployment of PoSS less likely.

Figure 2 provide the evaluation results on ER of the additional DMRS. The additional DMRS can be PDSCH DMRS [1], and can be decoded coherently to convey 2<=N_bit <=4 information bits.  

[image: U:\Results_RAN96\DMRS_ER.jpg]
Figure 2: ER of PDSCH DMRS w/ PDCCH DMRS for channel estimation
Observation 7: The ER of PDSCH DMRS based PoSS decreases as the number of information bits N_bits decreases, and achieves target ER at 10-3 for 1<=N_bits <=4.

Evaluation assumptions and performance metrics are given in Table 1. 
Table 1. Evaluation assumptions for PoSS detection
	Parameters
	Values

	Channel model
	TDL-A, 30ns

	UE speed
	3km/s

	CFO
	0.1ppm

	Antenna configuration
	gNB/UE = 1/2

	Performance metric
	False alarm rate (FA)1),
Miss-detection rate (MDR)2)

	
	Error rate (ER) 3)

	* Other parameters is listed in Table A1.5-1 of TR38.802 [4]
* For LLS simulation on power saving signal detection performance, at least the following SINR values should be evaluated: -6dB, 3dB, 20dB
1) False alarm rate is defined as the probability that a gNB does not transmit a sequence based PoSS (gNB transmits random QPSK modulated data), but a UE detects presence of sequence based PoSS.
2) Miss-detection rate is defined as the probability that a gNB transmits a sequence based PoSS, but a UE does not detect the signal.
3) Error rate is defined as the probability that a gNB transmit a sequence based PoSS out from of sequence pool with size of 2^Nbit candidates,  but a UE detects the wrong sequence.




Conclusions
This contribution considers evaluation results for power saving schemes in [3]. Our proposals and observations as follows.
Proposal 1: Support implicit triggering of adaptation on PDCCH monitoring periodicity and duration according to real-time detection results of DCI formats for scheduling PDSCH/PUSCH
Observation 1: The power saving scheme for dynamic scaling on PDCCH monitoring periodicity and duration shows 51.1%-88.5% and 45.8%-79.8% power saving gain for no C-DRX configured case and with C-DRX configured case, respectively.
Observation 2: The power saving scheme for dynamic scaling on PDCCH candidates per CCE AL shows 5.4%-22.3% and 4.9%-21.1% power saving gain for no C-DRX configured case and with C-DRX configured case, respectively.
Observation 3: The power saving scheme for (de)activation search space sets per PDCCH monitoring periodicity shows 29.78%-48.39% and 27.85%-45.4% power saving gain for no C-DRX configured case and with C-DRX configured case, respectively.
Observation 4: The power saving scheme for (de)activation search space sets per DRX cycle shows 9.37%-48.66% power saving gain. 
Observation 5: The power saving scheme for (de)activation search space sets per PDCCH monitoring periodicity shows 44.71 and 42.09% power saving gain for no C-DRX configured case and with C-DRX configured case, respectively.
Observation 6: The MDR of PDCCH DMRS based PoSS varies according to different configurations
MDR decreases as the number of PoSS OFDM symbols and BW increases
Observation 7: The ER of PDSCH DMRS based PoSS decreases as the number of information bits N_bits decreases, and achieves target ER at 10-3 for 1<=N_bits <=4.
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