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1 Introduction
In the previous SI objectives of the approved Rel-17 New SID on support of reduced capability NR devices, the main motivation is to introduce the Redcap devices with lower cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially for the cases of industrial sensors, video surveillance and wearables. The UE power saving of the Redcap devices is an essential functionality of the radio interface, which was captured as follows [1]:
	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, we give some general principles on the power saving handling in the scope of the study item.

2 Discussion
According to what has been agreed in the SID, the main motivation is to define reduced capability NR devices for new use cases including industrial sensors, video surveillance and wearables. Given the severe form factor or battery lifetime restrictions especially for wearables and sensors, the Redcap devices are usually battery-constrained. Hence, we need to address both reduced device capability and battery lifetime enhancement for Redcap devices.
2.1 Schemes taken from R16/R17 UE power saving
Even though some Redcap UEs would stay in RRC_IDLE and RRC_INACTIVE modes most of time, it is equally important to reduce the power consumption during RRC_CONNECTED mode. As a first principle, we suggest reusing the solutions done for R16 UE power savings as much as possible for Redcap UEs.
In R16 UE power saving, the power saving techniques specified are mainly focus on RRC-Connected mode, include power saving signal/channel for C-DRX, enhancement on the cross-slot scheduling, DL maximum MIMO layer adaptation and UE assistance information. For idle mode, RRM measurement relaxation for the neighbour cell is specified. It is worthwhile to discuss whether those schemes can be taken for Redcap UEs.
· Power saving signal/channel for C-DRX
More specifically, the PDCCH based power saving signal/channel is used to convey wake-up indication and SCell group dormancy indication. It seems this power saving signal/channel can be reused for Redcap UE power saving if it is configured with C-DRX. However, the performance still needs further evaluation based on the traffic models for wearables, industrial wireless sensor and video surveillance which are still under discussion in RAN1. In our understanding, it is necessary to agree on some specific traffic model first and then to evaluate the performance of power saving signal/channel (WUS/GTS) based on the simulation assumptions agreed in RAN1.

Note that Redcap UEs might not adopt CA, it seems power saving signal/channel working as SCell group dormancy indication is not necessary.
· Cross-slot scheduling
Cross-slot scheduling enables the UE to decode the PDSCH after the PDCCH is successfully decoded and an explicit indication of minimum applicable K0/K2 value from the UE helps the network scheduling. It seems this still applicable for Redcap UEs who will expected to report longer K0/K2 values. 
· UE assistance information
Some UE assistance information considered in Rel-16 power saving can still be considered for Redcap UE, such as C-DRX parameters, RRC state transition while the maximum number of SCells, maximum aggregated BW and maximum MIMO layer might not applicable since Redcap UEs with low cost/complexity will work with UE bandwidth reduction and reduced number of UE antennas.
· DL maximum MIMO layer adaptation
Besides, DL maximum MIMO layer adaptation might not be needed if a Redcap UE only support limited number of receive antennas to 2RX or 1RX. However, currently RAN1 is discussing the antenna configurations for Redcap UEs. We can wait for more inputs.
· RRM measurement relaxation

To save UE power consumption in idle mode, RRM measurement for neighbour cell can be relaxed based on not-at-cell-edge and low-mobility scenarios. This is still suitable for IoT scenarios with sensors and video surveillances.
Proposal 1: The general principles with R16 UE power saving should be the start point of power saving for Redcap devices:
            Applies to Redcap:

· Power saving signal/channel for C-DRX;

· Enhancement on the cross-slot scheduling;
· UE assistance information: C-DRX parameters, RRC state transition;

· RRM relaxation for idle/inactive mode;

            NOT Applies to Redcap:

· Power saving signal/channel for SCell group dormancy indication;

· UE assistance information: maximum number of SCells, maximum aggregated BW and maximum MIMO layer;

· FFS: DL maximum MIMO layer adaptation;

In R17 UE power saving, more enhancement are discussed. For idle mode, reducing UE's power consumption due to the paging monitoring with power saving signal/channel and potential TRS/CSI-RS is currently hotly discussed as well as reducing PDCCH monitoring and relaxing UE measurements for RLM/BFD for RRC Connected mode. At least the general progress in R17 Power saving work item can be considered as a start point for Redcap UEs as the SI progresses.
Considering the different use cases, some possible enhancements can be considered. An example is that WUS applied to multiple DRX Ondurations was excluded for eMBB users in R16 as people showed concerns about the delay. However, it should be noted that a 1-to-N mapping is advantageous for the UE power savings if the UE will not consider the delay to be critical especially for IoT scenarios. 
Proposal 2: The general principles with R17 UE power saving should be the start point of power saving for Redcap devices:
· PDCCH monitoring reduction for idle/inactive mode;

· Idle mode UEs with the potential TRS and CSI-RS;

· PDCCH monitoring reduction for Connected mode;
· Relaxing UE measurements for RLM and/or BFD in Connected mode;
2.2 Extended-DRX for RRC Inactive and/or Idle
In R16 UE power saving, RAN2 considered extending the DRX cycle length to 10.24 in idle and inactive mode. The reason why RAN2 did not extend DRX cycle length more than 10.24s is the concerns had been expressed about the impact on mobility and latency for eMBB users as well as the time limits. Also, RAN2 decided to define PS specific rule for DRX cycle determination in RRC_IDLE and RRC_INACTIVE in the presence of different DRX cycle configuration. But how to define PS specific rule for DRX cycle was not fully discussed. 

Back to the history of LTE e-DRX, RAN2#82 discussed analytical results on e-DRX in [2] and concluded that the DRX cycle less than 10.24s cannot achieve the considerable gain of power saving. So RAN2 considered supporting extended paging DRX cycle beyond 10.24s. With the same reason, it is not so preferred to only introduce e-DRX less than 10.24s for UEs in RRC_IDLE in NR. In the meanwhile, it is widely expected that the Reduced Capability NR Devices are of low cost with limited battery capabilities and with infrequent data activity, such as sensors and metering devices. For such devices, maximizing the battery lifetime is crucial and extending the existing long DRX cycle beyond 10.24 seconds seems reasonable.
LTE e-DRX has been introduced to provide up to 3h DRX cycles for NB-IoT and up to 43 min for eMTC. From technically point of view, it is assumed that the e-DRX can be applied to NR for RRC IDLE because it would not be fundamentally different from LTE e-DRX while for e-DRX in RRC INACTIVE, it still needs further discussion since the RAN paging is involved and a potentially new scheme for DRX negotiation need to be discussed between UE and network side.
Proposal 3: Extended-DRX for RRC Inactive and/or Idle can be considered for Redcap UE power saving if the request for longer DRX-cycles and longer battery life is valid. 
2.3 Other enhancements
In NR, the UE may use DRX in RRC_INACTIVE state in order to reduce power consumption. In RRC_INACTIVE, the UE also monitors paging channels for RAN-initiated paging as well as CN paging. We believe RRC_INACTIVE should be followed in Redcap devices to allow the NR system to be flexible enough to support a variety of service requirements across all the expected verticals.
As indicated in the SID, the Redcap devices (e.g., Video Surveillance) are mainly focused on mobile originated (MO), it is inefficient to require the device to wake up periodically to monitor the paging. For the same reasons, MICO (Mobile Initiated Connection Only) has been introduced in 5GC. We need to consider whether we need to adopt such MICO mode for stopping RAN paging in RRC_INACTIVE.
Proposal 4: To consider the MICO mode RRC_INACTIVE for further study for mobile originated Redcap users.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 

Proposal 1: The general principles with R16 UE power saving should be the start point of power saving for Redcap devices:
            Applies to Redcap:

· Power saving signal/channel for C-DRX;

· Enhancement on the cross-slot scheduling;
· UE assistance information: C-DRX parameters, RRC state transition;

· RRM relaxation for idle/inactive mode;

            NOT Applies to Redcap:

· Power saving signal/channel for SCell group dormancy indication;

· UE assistance information: maximum number of SCells, maximum aggregated BW and maximum MIMO layer;

· FFS:DL maximum MIMO layer adaptation;

Proposal 2: The general principles with R17 UE power saving should be the start point of power saving for Redcap devices:
· PDCCH monitoring reduction for idle/inactive mode;

· Idle mode UEs with the potential TRS and CSI-RS;

· PDCCH monitoring reduction for Connected mode;
· Relaxing UE measurements for RLM and/or BFD in Connected mode;

Proposal 3: Extended-DRX for RRC Inactive and/or Idle can be considered for Redcap UE power saving if the request for longer DRX-cycles and longer battery life is valid. 
Proposal 4: To consider the MICO mode RRC_INACTIVE for further study for mobile originated Redcap users.
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