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1 Introduction
In RAN meeting #86, WI of UE Power Saving Enhancements was approved. The first stage work is to study some potential benefit of power saving schemes in idle/inactive-mode or in connected-mode.
One of the scheme under case of connected-mode UE is the further reduced PDCCH monitoring based on DCI indication. The Power Saving evaluation can be done to assess candidate solutions. In this contribution, we discuss on evaluation methodology for schemes of reduced PDCCH monitoring. We provide our views on the traffic models and other aspects.
In the end, we also discuss the overall views on DCI based solutions and the related Rel-16 functionality.

2 Evaluation methodology

The Power Saving SI has create models to evaluate power saving gain. Models of power consumption and power scaling for adaptation is applicable and is adjusted in the Rel-17 study with more options, as the conclusions in the RAN1 #102.
Agreements:

· Reusing power model in TR38.840 for evaluation of DCI-based power saving adaptation schemes.

· Note: company reporting additional power model for missing state or update is not precluded.

Agreements:

· Company should report assumptions used for periodic measurement activities for the Rel-17 DCI-based power saving adaptation evaluation.
· The periodic activities defined in TR38.840 can be reused.
· Measurement for RLM/BFD every C-DRX cycle can be optionally modelled

Agreements:

· The performance metrics described in TR38.840 section 8.2 is reused for power saving evaluation of Rel-17 DCI-based power saving adaptation during ActiveTime.
· The following Rel-15 / 16 features is recommended of the power consumption as reference for baseline. Company can report the feature(s) being used in the baseline.

· DRX

· C-DRX cycle 40msec for VoIP

· 10ms IAT, 8ms On-duration

· Assume max two packets bundled

· C-DRX cycle 160msec for FTP

· Alt 1: 20 msec IAT, 8ms On-duration

· Alt 2: short DRX

· 20 ms [or 40ms as optional] IAT, 8ms On-duration

· 20 ms for short DRX cycle, 4 cycles

· Note: 100 msec IAT, 8ms On-duration can also be used with sufficient justifications that available Rel-15/16 Techniques being used to reduce UE power saving

· DCP for DRX adaptation,

· DCP offset  to DRX ON = 2 ms, other values are not precluded

· Cross-slot scheduling adaptation

· Minimum K0 can be adapted from 0 to 1 for FR1, 0 to [4] for FR2

· BWP switching, including

· MIMO layer adaptation,

· Max # of MIMO layer can be adapted from 4 layer to 2 layer for FR1, 2 layer to 1 layer for FR2

· PDCCH monitoring period adaptation

· PDCCH monitoring period can be adapted from per slot monitoring to X slot monitoring

· X = [2] for FR1 and [8] for FR2

· Bandwidth adaptation

· Bandwidth can be adapted from 100MHz to 20MHz for FR1,FFS for FR2

· Note: 

· BWP transition time type 2 is assumed, BWP transition duration is

· 5 slot @ 30kHz SCS for FR1, 

· 18 slot@120kHz SCS for FR2

· the slot-average power level for BWP transition duration is according to TR38.840

· BWP transition time type 1 can be optional modelled

· BWP switching is Y (ms) after last packet/data burst. 

· Y = [8], other values are not precluded

· Whether BWP switching is modeled depends on the assumed UE capability and evaluated schemes.

· Scell dormancy assumption for CA capable UEs

· FR1 & FR2: SCell dormancy with [160 ms] periodic CSI measurement and reporting

· Other settings

· CA assumption if configured for CA capable UEs

· For FR1, FFS

· For FR2, 4*100MHz can be considered.

· Assumptions for scheduler

· For FR1, no restriction on the beam assumptions being used in each slot

· For FR2, up to each company, e.g., gNB equally schedule the slots for UEs targeting to different beams. 

· Note: the assumptions does not necessary mean to restrict or precluded any implementation. Other assumptions are not precluded and can be reported by companies.

· Company to report the used assumption for the interruption and also power savings impact due to presence/absence of interruptions .

Agreements:

Legacy traffic models in TR38.840 can be considered for Rel-17 DCI-based power saving adaptation evaluation, other traffic models can be optionally modelled and company report which traffic model(s) is used.

The evaluation methodology has include as much existing power saving techniques in studying the new Rel-17 enhancement. For some of the enhancement, models may need to be further clarified. In our study, we also consider the case of BWP switching, in addition the agreed assumptions in above. In that case, the power consumption would be mainly PDCCH only. The scaled value is assumed with around 0.8 factor. 
Table 1. Setting for FTP, instant messaging, and VoIP application [2]
	Power State
	Value

	Power_PDCCHonly_AfterBWPSwitch 
	60

	Power_WUS
	20


In the same time, supporting of CA would also be needed in the evaluation also for FR1. 
In addition, we can consider few more common traffic models to accommodate Short Video IM(video-sharing social networking service) use cases, which are quite important for mobile phone application. We can extend the FTP model 3 to cover the use cases. 
The new FTP models 3 for Gaming and Short Video IM could use 0.05 Mbytes packet size and 15ms mean inter-arrival time, which is targeting medium quality Video. Smaller Packet size like 0.01Mbytes can be also considered.
We suggest further agreeing this as a common assumption for evaluation.  

Proposal 1: The new FTP models 3 for Gaming and Short Video IM could use 0.05 Mbytes packet size and 15ms mean inter-arrival time. Smaller Packet size like 0.01Mbytes can be also considered.
3 PDCCH monitoring adaptation schemes
Dynamically reduced PDCCH monitoring within few slots can further save UE power. This is the essential part of the PDCCH monitoring adaptation. In Power Saving study, the evaluation results already shows that, the power saving schemes for dynamic adaptation of UE PDCCH monitoring shows 5% - 85% power saving gains with some latency increase. Due to the scope limitation of the Rel-16 power saving WI, the dynamic adaptation in the PDCCH monitoring is not fully standardized. 

The WI should continue the identification of the exact solutions of dynamic PDCCH adaptation. Generally, those schemes can be analyzed and evaluated with other existing power saving techniques.
3.1 Indicating Search Space group adaptation
One way for PDCCH monitoring adaptation is to maintain the UE’s PDCCH monitoring behavior within the PDCCH search space as in the specification. The PDCCH search space configurations will be switched based on the service and traffic requirements. As shown in Figure 1, for the time with higher traffic load to the UE. Normal PDCCH search space will be switched. This PDCCH search space could be with small periodicity and short monitoring duration and even higher number of candidates. The first group of PDCCH search spaces shown in Figure 1 represent the configuration. For the time with lower traffic load for the UE, PDCCH search space with long periodicity and short monitoring duration will be switched on.
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Figure1: PDCCH search space adaptation
It is noted that the Rel-16 NR-U has already supported search space set group switching schemes and switching between them. It introduce 2 groups on top of the PDCCH search space sets configuration. It can disable one group and enable another group by DCI format 2_0, in case the group common DCI format capable by the UE and is configured. A timer is configured as a number of slots, and it is decremented at the end of each slot as kind of automatic “fall back” mechanism. Although it is not formally evaluated for the power saving gain, the dynamic indication should bring benefit of power saving.
The mechanism can be considered but some modification may be needed. The further consideration is the mechanism is based on the group common DCI. UE have to receive that special DCI format to do the switching, which is in parallel with scheduling DCIs. The mechanism is under UE capability discussing and may not be spectrum free feature.
3.2 Indicating skipping of PDCCH monitoring occasions
Another direction for PDCCH monitoring adaptation is to help the UE skipping the PDCCH monitoring when there is no traffic for the UE. When for the time the UE has no traffic or the UE’s data packet being processed in the scheduling queue (when there is multiple users are being scheduled), the gNB could indicate the UE to skip PDCCH monitoring for that time duration as illustrated in Figure 2. It is noted that the network scheduler has enough knowledge and could decide how many occasions the UE can skip the PDCCH monitoring in such cases. gNB scheduler can predicate the forthcoming data based on UE’s traffic statics, latency requirement or the length of the scheduling queue. Having this information in gNB side, it can then send kind of skipping indication to UE dynamically and the indication could be in the scheduling DCI.
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Figure2: Dynamic indication of skipping PDCCH monitoring
In this contribution, we further evaluate the DCI based skipping schemes. The evaluation included the dynamic PDCCH skipping and the SS set switching in above.
We evaluate the case of FTP and IM traffic model. The traffic models and the DRX setting is listed in the Table 2. 

Table 2. Setting for FTP, instant messaging
	
	FTP traffic
	Instant messaging

	Model
	FTP model 3
	FTP model 3

	Packet size
	0.5 Mbytes
	0.1 Mbytes

	Mean inter-arrival time
	200 ms
	2 sec

	DRX setting
	Period = 160 ms 
Inactivity timer = 20 ms(Case1), 100ms(Case3)
On duration = 8ms
	Period = 160 ms 
Inactivity timer = 20 ms(Case2), 100ms

On duration = 8ms


The studied case also consider CA with 4 CC assumed in the evaluation. Results are in the Table 3. The candidate solutions of Rel-17 under this study include:

R17 skip: The PDCCH skipping is right after the PDCCH skipping indication. UE re-start PDCCH monitoring right after new data arrival.
R17 skip delay: The PDCCH skipping is after 8 slot of the PDCCH skipping indication. UE re-start PDCCH monitoring right after new data arrival.
R17 switch (2): Switching between periodicity of 1slot and 2slot SS sets group.
R17 switch (4): Switching between periodicity of 1slot and 4slot SS sets group.

Although PDCCH skipping is optimal in sense of UE recovering PDCCH monitoring. The R17 skip still can represent the upper bound of PDCCH skipping scheme. If the PDCCH skipping in DCI can indicate multiple occasion skipping values, then this potential can be largely explored.

Table 3. Simulation results for FTP, instant messaging
	Cases
	R15
	R16
	R17 skip
	gain over R16
	R17 skip delay
	gain over R16
	R17 switch (2)
	gain over R16
	R17 switch (4)
	gain over R16

	Case1
	23.4482
	18.7071
	14.5303
	22.33%
	15.4193
	17.58%
	18.3937
	1.68%
	18.249
	2.45%

	Case2
	7.9043
	3.4327
	2.8706
	16.37%
	3.0027
	12.53%
	3.386
	1.36%
	3.3645
	1.99%

	Case1 CA
	45.8948
	33.6
	19.759
	41.19%
	22.8669
	31.94%
	32.5021
	3.27%
	31.9954
	4.78%

	Case2 CA
	26.7735
	15.2044
	13.2959
	12.55%
	13.7449
	9.60%
	15.0458
	1.04%
	14.9726
	1.52%

	Case3
	46.359
	32.7706
	15.0891
	53.96%
	15.7874
	51.82%
	31.1949
	4.81%
	30.4145
	7.19%

	Case3 CA
	122.28
	80.1409
	20.7361
	74.13%
	23.1935
	71.06%
	74.8237
	6.63%
	72.1924
	9.92%


As it can be seen from the results, PDCCH skipping can achieve significant performance gain even over the major Rel-16 power saving technologies. The search space set group switching scheme can also get gain over the existing schemes. With more number of component carriers configured, the power saving gain will even increase in most of cases.
Observation 1. Among the candidate solutions, the optimal PDCCH skipping by DCI can provide the best additional power saving gain over agreed reference cases with existing power saving techniques for the study. The search space sets group switching by DCI can also provide power saving gain over the reference cases.

Observation 2. The power saving technologies can provide additional power saving gain in some CA configurations.
3.3 Autonomous PDCCH monitoring adaptation
For UE’s services that are not latency sensitive, a PDCCH search space configuration with long PDCCH monitoring periodicity and/or less PDCCH monitoring occasions within each PDCCH monitoring periodicity can be configured to the UE. Those semi-static configuration is can help for UE’s power saving. However, the traffic can change. When there is a large data packet arriving, the packet needs to be transmitted in several PDCCH periodicities and the total transmission latency may be too long to be acceptable. To solve this issue, one method can be considered is the UE could autonomously monitor one additional PDCCH search space with short PDCCH monitoring periodicity once the UE receive one scheduling grant within the first PDCCH search space. 

Similarly, as DCI triggered search space group switching, the kind of autonomous PDCCH monitoring adaptation has been supported in NR-U by implicit switching between Group1 and Group2 of search space sets. NRU scheme may be reintroduced for power saving with some possible change in parameters, e.g. timer range.
Proposal 2: Power saving enhancement consider the PDCCH monitoring adaptation schemes including:

Indicating Search Space group adaptation.
Indicating skipping of PDCCH monitoring occasions.
Autonomous PDCCH monitoring adaptation.
3.4 With existing power saving schemes
In the Rel-16, cross-slot scheduling switching is supported by normal scheduling DCI. There are complete timing mechanism for determine the assumed cross-slot minimum K0/K2 values. The minimum K0/K2 can be switched to preconfigured larger sets by DCI.
As discussed previously in Rel-16, power efficiency is not maximized when the cross-slot scheduling is enabled and PDCCH have to be monitored in every slot. In the case, the PDCCH-to-PDSCH processing is only saved in power consumption for buffering by cross-slot scheduling. Unchanged PDCCH search space monitoring periodicity will results in unnecessary power consumption. 
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Figure3. PDSCH transmission in all slots with cross-slot scheduling
In Figure3, the UE is configured with scheduling PDCCH in every slot and minimum K0=1. Then, it is possible that the UE receive DL signal for every slot. The buffering of whole band is not needed and thus some power can be saved. However, the power saving effect is not maximized due to the RF of RX turned on in most of time. 

The cross-slot scheduling would generally require less number of slot to transmit data to a UE and the user throughput can be reduced accordingly. Since the cross-slot minimum K0/K2 can be configure to up to 12, the PDCCH monitoring periodicity for every slot will be very inefficient.

We can consider restricting the PDCCH monitoring periodicity in the power saving mode as shown in Figure2. The UE specific PDCCH search space periodicity can be restricted to multiple of (min(K0)+1), e.g. 2 slot periodicity for k0=1. The cross-slot scheduling should be able switched with the corresponding monitoring periodicity.
Proposal 3: In power saving mode with cross-slot minimum k0, The UE specific PDCCH search space monitoring periodicity can be matched to the current applicable minimum K0 values.

Considering the (min(K0)+1) as the monitoring periodicity.
4 Conclusion

In this contribution, we discussed the scheme for further reduce PDCCH monitoring based on DCI indication in case of connected-mode UE. We also discuss on evaluation methodology for schemes of reduced PDCCH monitoring. We provide our views on the power models and other aspects for the evaluation.

As summary, we have observations and proposals:
Observation 1. Among the candidate solutions, the optimal PDCCH skipping by DCI can provide the best additional power saving gain over agreed reference cases with existing power saving techniques for the study. The search space sets group switching by DCI can also provide power saving gain over the reference cases.

Observation 2. The power saving technologies can provide additional power saving gain in some CA configurations.
Proposal 1: The new FTP models 3 for Gaming and Short Video IM could use 0.05 Mbytes packet size and 15ms mean inter-arrival time. Smaller Packet size like 0.01Mbytes can be also considered.
Proposal 2: Power saving enhancement consider the PDCCH monitoring adaptation schemes including:

Indicating Search Space group adaptation.
Indicating skipping of PDCCH monitoring occasions.
Autonomous PDCCH monitoring adaptation.
Proposal 3: In power saving mode with cross-slot minimum k0, The UE specific PDCCH search space monitoring periodicity can be matched to the current applicable minimum K0 values.

Considering the (min(K0)+1) as the monitoring periodicity.
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