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1. [bookmark: _Toc120549591]Introduction
As the revised WID in RP-201386 [1], the objectives of UE power saving and battery life enhancement for reduced capability UEs is as the following,
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
In this contribution, some aspects of potential PDCCH monitoring reduction techniques for reduced capability UEs will be discussed, including: 1) Whether R16 Power saving techniques are supported in RedCap; 2) reduce maximum numbers of blind decodes and CCE limits; 3) reduce unnecessary scheduling grant; 4) dynamic adaption of monitored number of blind decodes.
2. Potential PDCCH monitoring reduction techniques for reduced capability UEs
In this section, four aspects of potential PDCCH monitoring reduction techniques for reduced capability UEs will be discussed. The first is the support of R16 power saving techniques in RedCap UE. The second is to reduce the maximum numbers of blind decodes and CCE limits for RedCap UE, which is the PDCCH monitoring capability reduction. The third is to reduce some scheduling grant to save network signalling overhead. The fourth is to adapt the monitored number of blind decodes dynamically according to the UE’s traffic, which is to reduce unnecessary PDCCH monitoring. 
2.1 Support of R16 power saving techniques in RedCap UE
In R16 Power saving WI, several power saving techniques are specified, e.g., DCI format 2_6, dynamic cross-slot scheduling, per-BWP maximum MIMO layer configuration. In addition, design of Scell dormant BWP can also reduce the power consumption in CA scenario. However considering the number of receive Rx is reduced, and no strong motivation of supporting CA for RedCap UE, the per-BWP maximum MIMO layer configuration and Scell dormant BWP can not be supported in RedCap. The waking up indication in DCI format 2_6 and minimum K0/K2 indication in scheduling DCI can be supported in RedCap UE to reduce power consumption of PDCCH monitoring and processing.
Proposal 1. Waking up indication in DCI format 2_6 and minimum K0/K2 indication in scheduling DCI can be supported in RedCap UE.
2.2 Reduce maximum numbers of blind decodes and CCE limits
The maximum numbers of BD/CCE limits per slot can be smaller than legacy UEs in Rel-15/16 to reduce UE PDCCH monitoring power consumption. In addition, the maximum bandwidth is reduced in RedCap e.g., 20MHz, which the maximum CCEs contained in the limited bandwidth is reduced than 100MHz naturally. But another problem need to be considered is that only total BD/CCE limits for both CSS and USS is defined in Rel-15/16, and the current PDCCH overbooking rule will only make UE drop USS PDCCH. If only the total BD/CCE limits is reduced, RedCap UE may drop more USS PDCCH than legacy UE and the scheduling chance will decrease. Therefore, the BD/CCE limits for CSS can also be considered for RedCap UE.
However, there may be some concern that the reduction of BD/CCE limits for CSS will impact the CSS PDCCH reception for RedCap UE. We think the influence can be limited by some methods, for example, reducing  the types of common DCI formats that RedCap UE monitored,  and using separate initial BWP for RedCap UE, which can split them from legacy UE to reduce the PDCCH blocking probability.
Proposal 2. The maximum numbers of BD/CCE limits monitored per slot can be reduced for RedCap UE. 
Proposal 3. Further to study whether the BD/CCE limits for CSS monitored per slot can be reduced for RedCap UE.
2.3 Reduce unnecessary scheduling grant
As the SID [1], industrial wireless sensors and video surveillance are two major application scenarios of RedCap UEs. There are some similar characters in these two scenarios. The first is that the data traffic are the same or similar among different UEs in the scenario, e.g., the specific industrial wireless sensors which measure and report specific data with a periodicity. The second is that the channel environment are not changed so fast, e.g., industrial wireless sensors in the same workshop of factory, video surveillance on the lamp-post beside the roads. 
These two characters causes the scheduling parameters are similar among different UEs, such as the SPS or grant free periodicity. In traditional SPS or UL grant Type 2 procedure, UE-specific DCI is used as SPS or UL grant Type 2 activation signalling considering the different SPS or UL grant Type 2 configurations among UEs. However, in the above RedCap scenarios, the data traffic are the same or similar among different UEs and the SPS or UL grant Type 2 configuration may be the same as well. In addition, considering the limited maximum bandwidth, e.g., 20MHz for FR1 and the number of RedCap UEs are huge, if the SPS or UL grant Type 2 activation is per-UE as usual, the signalling overhead of network may be very large in a narrow bandwidth. Therefore, one DCI can activate more than one UE’s SPS or UL grant Type 2 to reduce the network signalling overhead.
Proposal 4. The scheduling grant signalling reduction scheme can be further studied for reduced capability UEs, e.g., multiple UEs’ SPS or UL grant Type 2 activation.
2.4 Dynamic adaption of monitored number of blind decodes
The last aspect of PDCCH monitoring reduction technique is to adapt the monitored number of PDCCH blind decodes to match the actual data traffic and reduce UE power consumption on unnecessary PDCCH monitoring.
Some dynamic adaption schemes of monitored number of blind decodes have been discussed in Rel-16 UE power saving SI, which to be evaluated with much power saving gain and are continued being discussed in Rel-17 UE power saving WI [2]. Although these schemes are designed for smartphone UEs originally, they can be considered to be applied on RedCap UEs and be re-evaluated.
Some potential dynamic adaption schemes of monitored number of blind decodes are listed as the following.
1) PDCCH skipping with go-to-sleep signal
The first is PDCCH skipping using go-to-sleep signal, which indicates UE the duration of not need to monitor PDCCH. In this way, gNB can immediately indicate the UE to sleep for a duration if there is no data arriving. In order to indicate the sleep duration more flexibly, some candidate sleep durations can be configured by RRC signalling and dynamically indicated by go-to-sleep signal. The design of go-to-sleep signal can reuse scheduling DCI. 
2) PDCCH monitoring periodicity adaptation
The second scheme is to adapt the PDCCH monitoring periodicity according to data traffic. There are several ways to realize it. For example, one search space set can have multiple configurations, e.g., different monitoring periodicities, and DCI can indicate RedCap UE which configuration is to be used to adapt the PDCCH monitoring periodicity. Another way is to configure some PDCCH monitoring periodicity scaling factors, e.g., 0.25, 0.5, 1, 2, and DCI indicates RedCap UE the PDCCH monitoring periodicity scaling factor to change the USS search space periodicity.
All these adaption schemes of blind decodes can be considered and evaluated for RedCap UEs if additional power saving besides PDCCH monitoring capability reduction is required. 
Proposal 5. The dynamic adaptation scheme of monitored number of blind decodes can be further studied for RedCap UE, e.g., PDCCH skipping, PDCCH monitoring periodicity adaptation.
3. Conclusions
In this contribution, three aspects of potential PDCCH monitoring reduction techniques for RedCap UEs are discussed, and the following proposals are made.
Proposal 1. Waking up indication in DCI format 2_6 and minimum K0/K2 indication in scheduling DCI can be supported in RedCap UE.
Proposal 2. The maximum numbers of BD/CCE limits monitored per slot can be reduced for RedCap UE. 
Proposal 3. Further to study whether the BD/CCE limits for CSS monitored per slot can be reduced for RedCap UE.
Proposal 4. The scheduling grant signalling reduction scheme can be further studied for RedCap UE, e.g., multiple UEs’ SPS or UL grant Type 2 activation.
Proposal 5. The dynamic adaptation scheme of monitored number of blind decodes can be further studied for RedCap UE, e.g., PDCCH skipping, PDCCH monitoring periodicity adaptation.
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