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1 Introduction
In RAN1-AH-1901 [1], the following were agreed:
Agreements:

Companies should state their assumptions for power modelling of power saving signal/channel reception in their evaluation results:

· The power level (slot-averaged) for power saving signal reception

· Also whether it is incremental to sleep power or not

· In the case power saving signal indicates no further activity, any reduction in the reference energy overhead for transition (when applicable, e.g. from/to deep/light sleep)

· Also any reduction in transition time (if assumed)

· In the case power saving signal indicates further activity, time gap from power saving signal to start of full functionality (e.g. DRX ON duration)

· The reference energy overhead for transition (when applicable) from deep/light sleep should be accounted for fully

· Any additional power for the time gap, e.g. microsleep power, or energy overhead

Conclusion:

· Up to each company to report power consumption model for the slot-averaged power for a slot with N-symbol PDSCH aligned to the end of the slot and PDCCH at the beginning of the slot.
Agreements:

· For evaluation purpose, it is assumed that a periodicity of max(DRX cycle, [160 msec]) is the baseline for periodic activities, e.g. time/frequency, channel or beam tracking (if applicable)
· Other periodicity values are not precluded – companies to report if other values are assumed

· Companies to report detailed assumptions, e.g. the resources used, the relative timing relationship between DRX cycle and periodic activity, whether and how UL reporting is done, etc.

This contribution considers remaining issues on evaluation assumptions.
2 Evaluation results for UE power savings

2.1 Evaluation results for power saving schemes

In this section, we provide the evaluation results for each power saving scheme. The details for the power saving schemes are described in our companion contribution in [2].
2.1.1 Adaptive PDCCH monitoring

	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency


	Estimated Overhead
	Evaluation methodology
	Note

	Dynamic scaling of PDCCH monitoring periodicity/duration based on implicit triggering parameters

(X1/X2/alpa/beta)
	63.8%
	(X1/X2/alpa/beta) = 
(1/1/0.5/0.5)


	1.66Gbps/0.52ms
	no
	No C-DRX,

FTP3 traffic model w/ mean of arrivals = 4ms
	

	Reduction on PDCCH candidate in achieving PDCCH blind decoding reduction
	26.7%/26%,24.5%,21.3%,15.1%,2.7%

28.9%/28.1%/26.5%/23.2%/16.5%/3.3%
	Number of BDs  equals to 1/2/4/8/16/32
w/ CDRX

Number of BDs  equals to 1/2/4/8/16/32

w/o CDRX
	19Mbps/45.6ms
1.7Gbps/0.5ms
	DCI based power saving signal with monitoring, T = 1024ms  
	FTP3 traffic model w/ mean of arrivals = 200ms

	

	Dynamic PDSCH reception with PDCCH
	38.7%
	RS based PDSCH indication with monitoring periodicity of 1slot/0.5ms
	1.68Gbps/0.52ms
	no
	No C-DRX,

FTP3 traffic model w/ mean of arrivals = 8ms

	


2.1.2 Enhancement to C-DRX

	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency


	Estimated Overhead
	Evaluation methodology
	Note

	1-bit Power Saving signal triggering UE wakeup at DRX ON
	4%

 8.4%

11.4%


	mean of arrivals  =  100ms, 
200m, 
300ms
	23.8Mbps/36.5ms

16.75Mbps/51.8ms

15.0Mbps/57.8ms
	RS based PoSS with monitoring periodicity  equals to DRX cycle
	C-DRX with configuration (cycle/on/inactivity) = (160,8,100)

FTP3 traffic model with mean of inter packet arrivals = 200ms

	

	Two levels CSI-RS based power saving signal prior to DRX ON duration for dynamic wake-up indication and scaling on CDRX configuration parameters
	89.4%

91.2%

91.6%
	mean of arrivals  =  100ms, 

200m, 

300ms
	13/4Mbps/64.7ms

6.12Mbps/141.8ms

4.62Mbps/187.8ms
	RS based PoSS monitoring periodicity  equals to DRX cycle
	C-DRX with configuration (cycle/on/inactivity) = (160,8,100)

FTP3 traffic model with mean of inter packet arrivals = 200ms


	


2.1.3 Cross-slot scheduling

	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency


	Estimated Overhead
	Evaluation methodology
	Note

	Cross-slot scheduling

for single cell
	21%

21%

21%.

21%
	Minimum K0 = 

0.5ms,

1ms,

1.5ms,

2ms


	837Mbps/1.03ms
565Mbps/1.53ms

426.38Mbps/2.03ms

342.36Mbps/2.53ms


	DCI based power saving signal with monitoring, T = 1024ms  
	No C-DRX, 
FTP3 traffic model with mean of inter packet arrivals = 4ms

 
	


2.1.4 Multi-slot scheduling

	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency
	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note

(include UE throughput)

	Multi-slot scheduling: one PDCCH schedules N TBs across N consecutive slots.
	21.64%,

32.28%,

35.65%,
37.25%,

38.1%

 
	Maximum slot aggregation factor, F, and PDCCH monitoring periodicity T, (F,T) = 
 (2, 1ms),

(4, 2ms),
(6, 3ms),

(8, 4ms) ,

(10, 5ms)
	1Mbps/0.81ms

0.62Mbps/1.37ms

0.45Mbps/1.54ms

0.35Mbps/2.5ms 
0.28Mbps/3.06ms
	no
	No C-DRX, 

FTP3 traffic model with mean of inter packet arrivals = 4ms


	The results shown also reflect combination with reduced PDCCH monitoring to balance the throughput


2.1.5 Activation/deactivation of SCell
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency


	Estimated Overhead
	Evaluation methodology
	Note

	 (de)activation of SCell
	57.75%

38.7%
	Activated CCs adapted from 4 to 1 with minimum scheduling delay of 0.5ms, 
Activated CCs adapted from 4 to 2 with minimum scheduling delay of 0.5ms
	838.6Mbps/1.04ms,
867Mbps/1.0ms
	DCI based power saving signal with monitoring, T = 1024ms  
	No C-DRX, 

FTP3 traffic model with mean of inter packet arrivals = 4ms

 
	


2.2 Evaluation results for power saving signals

According to the proposals in [2], we propose to support both DMRS and CSI-RS based power saving signal (PoSS). The RS based PoSS can carry at least 1 bit information, which can be used for dynamic access control. For example, PoSS as a wake-up trigger in C-DRX mode, or dynamic indication of PDSCH reception [2]. In this case, the RS based PoSS can be transmitted on demand, and UE can detect it based on energy detection by measuring a received signal in REs corresponding to the RS reception. 

In addition, a second level of additional RS can be used as PoSS to convey a small amount of information for triggering simple adaptations, such as scaling on C-DRX configuration parameters [2]. In this case, the second level of RS based power saving signal can be decoded coherently using the first level of RS to provide channel estimate. 

Figure 1 and 2 show the evaluation results on MDR at target FA of 1%. Note that, for DMRS-based PoSS, we assume that wideband RS is used and CORESET is configured with contiguous RBs. Therefore, DMRS is transmitted over the whole configured CORESET region in frequency domain. For CSI-RS based PoSS, three configuration types with different RE mapping patterns are considered as illustrated in Appendix. 
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	Figure 1: MDR of DMRS based PoSS
	Figure 2: MDR of CSI-RS based PoSS


Observation 1: 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 2: The MDR of CSI-RS based PoSS varies according to different configurations

· For a given BW, a CSI-RS configuration with higher density in frequency domain or time domain achieves lower MDR
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
Proposal 1: Introduce UE assistance information for a preferred CORESET configuration related to DMRS parameters, such as minimum number of OFDM symbols or CORESET BW, if PDCCH DMRS is used as PoSS. 

Proposal  2: Introduce UE assistance information for a preferred CSI-RS configuration, if CSI-RS is used for PoSS. 

Figure 3 and 4 show the evaluation results on ER of second level DMRS and CSI-RS as proposed in [2]. They are decoded coherently to convey 2<=Nbits <=4 power saving signal.  
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	Figure 3: ER of PDSCH DMRS w/ PDCCH DMRS for channel estimation
	Figure 4: ER of S-CSI-RS w/ P-CSI-RS for channel estimation


Observation 3: 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<=Nbits <=4.

Observation 3: The ER of S-CSI-RS decreases as the number of information bits N_bits decreases, and achieves target ER at 10-3 for 1<=N_bits <=4.

Proposal 3: Support two level RS based power saving signal for both dynamic wake-up indication and UE adaptation request with triggering signal size less than 4 bits.

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.


3 Remaining evaluation assumptions
Power model for power saving signal (PoSS)
For the possible PoSS structure, following signals/channels are agreed for further study [1]:
· 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 possible PoSS structure can be classified three types – 1) sequence-based, 2) PDCCH-based, and 3) PDSCH-based. Depending on the structure, the power consumption for PoSS detection may be different. The suggested relative power value for each of the structure is summarized in Table 2. 
Table 2.  Power consumption model for PoSS
	PoSS structure
	Relative power
	Note

	Sequence-based
	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.

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

	PDSCH-based
	300
	Same as PDCCH+PDSCH state


Proposal 4. The power consumption model for PoSS detection in Table 2 is supported.
Power scaling for CA among the cells in FR1 and FR2

For CA operation, following power scaling was agreed:
	CA (DL)
	2CC is 1.7x1CC
4CC is 3.4x1CC (i.e. 2x 2CC)

Above refers to the worst case CA configuration in terms of power consumption.
	Activation/deactivation delay follows RAN4 specification; FFS transition energy
Applicable for FR1 and FR2


Above power scaling model is only applicable for the case of CA among the cells in FR1 or FR2. It is still unclear how to scale the power for the case of CA among the cells in FR1 and the cells in FR2. We suggest following power scaling rule for this case.
Table 3. Power scaling for CA (FR1+FR2)
	CA (FR1+FR2) 
	2CC (FR1+FR2) is 0.85 * (1CC for FR1 + 1CC for FR2)

4CC (N1 FR1 + N2 FR2) is 0.85 * (N1 * 1CC for FR1 + N2 *1CC for FR2) where N1 and N2 is the number of cells in FR1 and FR2, respectively.


Proposal 5. The power scaling model for CA among cells in FR1 and FR2 in Table 2 is supported.
4 Conclusion

This contribution considered evaluation methodologies for UE power saving. Following proposals were made:
Proposal 1: Introduce UE assistance information for a preferred CORESET configuration related to DMRS parameters, such as minimum number of OFDM symbols or CORESET BW, if PDCCH DMRS is used as PoSS. 

Proposal  2: Introduce UE assistance information for a preferred CSI-RS configuration, if CSI-RS is used for PoSS. 

Proposal 3: Support two level RS based power saving signal for both dynamic wake-up indication and UE adaptation request with triggering signal size less than 4 bits.
Proposal 4. The power consumption model for PoSS detection in Table 2 is supported.
Proposal 5. The power scaling model for CA among cells in FR1 and FR2 in Table 2 is supported.
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Figure A.1: Different CSI-RS configured considered for evaluation
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