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1. Introductions
In RAN #83 meeting, a new Rel-16 work item on NR UE power saving was discussed and approved [1]. 
For potential DCI contents for power saving channel, some agreement had been reached in RAN1 #96bis meeting, which are listed as follows [2]. 

	Agreements:

Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX
· Essential for UE function for the C-DRX

· Wakeup – 

· UE is indicated to transition from outside Active Time to Active Time

· UE is indicated to stay at Active Time

· Go to sleep– 

· UE is indicated to transition from Active Time to outside Active Time.

· UE is indicated to stay outside Active Time

· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.

· Cross-slot scheduling

· Triggering RS transmission

· CSI report

· Single vs. multi-cell operation

· BWP /SCell

· BWP & SCell together 

· BWP and SCell have separated fields

· MIMO layer adaptation/number of Anenna adaptation 

· May further depend on RAN4’s work

· Indication of CORESET/search space/candidate of subsequent PDCCH decoding

· PDCCH monitoring periodicity

· PDCCH skipping (skipping duration)- 

· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time

Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 

· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far.


In this contribution, we will discuss the content and signaling aspects for PDCCH monitoring skipping and PDCCH monitoring periodicity switch.
2. Discussion on PDCCH monitoring skipping and PDCCH monitoring periodicity switch
2.1. PDCCH monitoring skipping
Based on the scheduling decisions and/or presence/absence of data in the gNB/UE buffer, DCI-based mechanism can be used to indicate UE to skip PDCCH monitoring, with or without CDRX. One typical scenario is: for FR2 analog beam forming, there is only one beam for the whole bandwidth at one time point. If there are multiple UEs with different traffics have different beam directions, these UEs have to wait for the corresponding beams from the network for a period. There is no need for the UE to monitor PDCCH during this period. This period can be skipped by the DCI-based PDCCH skipping mechanism. Short DRX is not so suitable for this case because it can not match the flexible UE traffic or beam sweeping pattern at the network side. There are two following use cases for PDCCH monitoring skipping. This contribution focuses on the 1st use case.
Use case 1: DCI to skip PDCCH monitoring in a period

Use case 2 : DCI to stop DRX-inactivity timer and onDurationTimer

As shown in Figure 1, when receiving DCI, UE skips PDCCH monitoring for a certain period, e.g., the coming X slots or X ms. X can be configured by RRC signalling or X is deliverd by DCI, or a combination of both can be used. Or DCI can use a bitmap to indicate which slots to monitor PDCCH and which slots not. If UE does not receive or miss the DCI, UE will monitor PDCCH according to the search space configured to the UE.

[image: image1.png]PDCCH skipping ‘ )EDCCH skipping
A A
[ | i

PDCCH PDCCH PDCCH
monitoring monitoring monitoring

- Slots UE monitors - Slots UE skips PDCCH
PDCCH monitoring





Figure 1: PDCCH monitoring skipping

Observation 1: DCI-based mechanism can be used to indicate UE skipping PDCCH monitoring, with or without CDRX configured.
Proposal 1: DCI to skip PDCCH monitoring for a certain period should be supported. The duration of this period can be indicated by DCI or configured by RRC, or a conbination of both.

In addition, DCI can indicate to skip all PDCCH monitoring, or to skip partial PDCCH monitoring. For example, for some DL dorminant services, when there is no DL data in buffer to be scheduled, gNB can send DCI to UE and DCI indicates UE to skip monitor DL grant. This can be supported by indicate the subset of configured search spaces/coresets/DCI formats to skip.
Proposal 2: DCI can support skipping partial PDCCH monitoring in a time period, e.g., to skip subset of configured search spaces/CORESETs/DCI formats.

In RRC connected, UE should be configured to monitor scheduling DCI. Thus, it is straightforward to deliever the PDCCH skipping indication in a sheduling DCI without additional overhead. If additonal fields, e.g. indicating adapatation of PDCCH parameters, are delievered together, non-scheduling DCI can be considered.
Proposal 3: Both scheduling DCI and non-scheduling DCI can be considered to as the signaling to skip PDCCH monitoring.
In Rel-15, the non-fallback DCI format for UL scheduling (format 0-1) and DL scheduling (format 1-1) are configured simultaneously by one search space, which means both formats are monitored by the UE if configured. However, in some cases, the traffic arrival rate for DL and UL are quite different. Thus the monitoring of both DL and UL non-fallback DCI with the same periodicity will double the UE blind decodes when the size of the two DCI formats are different. Therefore, it is beneficial to decouple the DCI format 0-1 and 1-1 monitoring. With the introducing of go to sleep signaling, indicating different skipping parameter for each DCI format can be realized. For example, if the UL data arrives less frequently compared with the DL data, UE can skipping DCI format 0-1 more frequently based on GTS PDCCH indication.
Proposal 4: Decouple the DCI format 0-1 and 1-1 monitoring can be realized by skip DCI format 0-1 or DCI format 1-1 as indicated by DCI.
2.2. PDCCH monitoring periodicity switching
As summarized in [2], the power saving schemes for dynamically switching PDCCH monitoring periodicity shows 5%-85% power saving gains comparing to the assumed baseline scheme of Rel-15 PDCCH monitoring. 
For different traffic type, the fixed monitoring periodicity as configured semi-statically by RRC signalling may be not the most power efficient configuration. Therefore, dynamically switching the PDCCH monitoring periodicity through DCI can be introduced to accommodate with different traffic type. This mechanism can be used with or without CDRX. According to the evaluation in [3] [4], significant power saving gain can be achieved assuming gaming and FTP mode 3 traffic mode. The evaluation results are listed in Table 1.
Table 1: Power saving gain of dynamically switching PDCCH monitoring periodicity

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


	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note

(include UE throughput)

	Dynamic switching of PDCCH monitoring periodicities by DCI
	0% ~ 83%
	0%-74% (for gaming, and for all UE)
	Average packet Latency: 20.30~0.40 ms;

Latency increase: 0%~140%
	No overhead (use the additional bits in scheduling DCI)
	Numerical simulation; 

Baseline assumption: 

1)Fixed PDCCH monitoring periodicity without CDRX;

2)CDRX;

Traffic: gaming and ftp model 3
	

	
	
	6%-59% (for FTP3, and for UE of 5 percentile SINR)
	Average packet Latency: 37.41~106.62 ms;

Latency increase:

 -90% ~84%
	
	
	

	
	
	3%-80% (for FTP3, and for UE of 50 percentile SINR)
	Average packet Latency: 28.13~101.53 ms;

Latency increase:

 -92% ~115%
	
	
	

	
	
	2%-83% (for FTP3, and for UE of 95 percentile SINR)
	Average packet Latency: 27.26~100.88 ms;

Latency increase:

 -92% ~118%
	
	
	


More specifically, different PDCCH monitoring parameters including periodicities is configured by RRC and DCI can trigger which PDCCH monitoring parameters to be used. It is noted that PDCCH monitoring periodicity, duration and offset can be configured per search space by RRC signalling in Rel-15. Compared with RRC based configuration in Rel-15, switching PDCCH monitoring periodicity by DCI can support more dynamic adaptation to the traffic variation. 
Observation 2: DCI-based mechanism can be used to indicate UE switching PDCCH monitoring periodicity, with or without CDRX configured.

Proposal 5: DCI to switch PDCCH monitoring periodicity should be supported. The PDCCH monitoring parameters including the periodicity can be configured by RRC and indicated by DCI.

In RRC connected state, UE should be configured to monitor scheduling DCI. Similar to the PDCCH monitoring skipping, it is straightforward to deliever the PDCCH monitoring periodicity switching indication in a sheduling DCI without additional overhead. If additonal fields, e.g. indicating adapatation of PDCCH parameters, are delievered together, non-scheduling DCI can be considered.
Proposal 6: Both scheduling DCI and non-scheduling DCI can be considered to as the signaling to switch PDCCH monitoring periodicity.
Furthermore, in CA scenario, it is not power efficient if Scell is always keep activated with fixed short PDCCH monitoring periodicity. In this case, the PDCCH monitoring periodicity can be dynamically changed based on the DCI indication from the Pcell. When large amount of data arrived, the PDCCH monitoring in Scell can be switched to a short periodicity to make sure data is transmitted with low latency, when the arrival of data is less frequent, the PDCCH monitoring in Scell can be switched to long periodicity to save power (e.g., dormant BWP). Both power saving gain and low traffic latency can be achieved with dynamically switched PDCCH monitoring periodicity in Scell triggered by DCI based signalling in Pcell.
3. Conclusion

In this contribution, we will discuss the content and signaling aspects for PDCCH monitoring skipping and PDCCH monitoring periodicity switch. The following observations and proposals are given.
Observation 1: DCI-based mechanism can be used to indicate UE skipping PDCCH monitoring, with or without CDRX configured.
Observation 2: DCI-based mechanism can be used to indicate UE switching PDCCH monitoring periodicity, with or without CDRX configured.

Proposal 1: DCI to skip PDCCH monitoring for a certain period should be supported. The duration of this period can be indicated by DCI or configured by RRC, or a conbination of both.

Proposal 2: DCI can support skipping partial PDCCH monitoring in a time period, e.g., to skip subset of configured search spaces/CORESETs/DCI formats.

Proposal 3: Both scheduling DCI and non-scheduling DCI can be considered to as the signaling to skip PDCCH monitoring.
Proposal 4: Decouple the DCI format 0-1 and 1-1 monitoring can be realized by skip DCI format 0-1 or DCI format 1-1 as indicated by DCI.
Proposal 5: DCI to switch PDCCH monitoring periodicity should be supported. The PDCCH monitoring parameters including the periodicity can be configured by RRC and indicated by DCI.

Proposal 6: Both scheduling DCI and non-scheduling DCI can be considered to as the signaling to switch PDCCH monitoring periodicity.
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