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1 Introduction
In RAN #86 meeting, a study item “Support of Reduced Capability NR devices” [1] was approved. The purpose is to identify and study potential UE complexity reduction features targeting lower end devices market in three different use cases (i.e. Industrial Wireless Sensors, Video Surveillance, Wearable). The SID especially notes that the study should not overlap with LPWA (i.e. LTE-M/NB-IOT) use cases and the lowest capability should not less than an LTE Category 1bis modem. 
This contribution provides our views on the PDCCH monitoring requirement for reduced capability devices.   

2. Discussion
2.1 Number of blind decoding attempts and non-overlapped CCEs 
Rel-15 puts certain restrictions on the maximum number of blind decoding (BD) and non-overlapped CCEs at each numerology to achieve a good tradeoff between device complexity and scheduling flexibility. The number of BDs was inherited from LTE design for 15kHz case and then is scaled down for other numerologies taken into other relevant factors. For 15/30/60/120 KHz SCS, up to 44/36/22/20 blind decoding attempts per slot can be configured across all DCI payload sizes. However, the number of candidates is not the only measure of device complexity for PDCCH monitoring operation but also channel estimation needs to be accounted for. As one consequence, the number of channel estimations for SCS of 15/30/60/120 KHz was additionally limited to 56/56/48/32 CCEs across all CORESETs in a slot. 
Considering the goal of reducing complexity, we believe the number of blind decoding and non-overlapped CCEs should be further reduced for the new NR-lite devices compared to Rel-15. NR PDCCH supports five different aggregation levels corresponding to 1,2,4,8.16 CCEs. This is well motivated by the wide range of deployment scenarios for Rel-15 NR, e.g. small cell vs. larger cell as well as high-speed train (HST) scenario. As captured in [1], low-end devices e.g. industrial wireless sensors and video surveillance are expected to be at low speed or even stationary, where the variations in the time domain are relatively slow. Hence, the aggregation levels for NR-lite device can be further reduced. To assist in the aggregation level selection, the NR-lite devices can provide recommended ALs to gNB for PDCCH monitoring, e.g. based on inference status and speed information. 
NR supports two categorized search spaces set as follows: 
· Common search space (CSS): Type0/0A/1/2/3-PDCCH CSS
· UE-specific search space (USS)
For CSS, the message is targeted to a group of devices even before it has been assigned a unique ID e.g. for system information delivery, random-access procedure or paging operation. As summarized in Table 1 below, the number of CCE aggregation levels and blind decoding candidates per CCE aggregation level are predefined and hence know to all devices, regardless of their own identify. It is generally desirable for NR-lite UEs to share CSS with legacy and normal UEs so as to avoid spectral efficiency loss. Hence, the study on BDs and non-overlapped CCE reduction for NR-lite devices should focus on USS.      
Table 1: CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for CSS sets configured by searchspaceSIB1
	CCE Aggregation Level
	Number of candidates

	4
	4

	8
	2

	16
	1



Proposal 1: 
· The maximum number of PDCCH candidates and non-overlapped CCEs for USS should be relaxed for reduced capability devices. 
· The number of configurable aggregation levels for NR-lite devices can be further reduced compared to Rel-15 requirement. 
2.2  DCI formats
Two types of DCI formats are supported for unicast PDSCH/PUSCH scheduling in NR system, known as fallback and non-fallback DCI formats. This provides sufficient tools to handle different cases and trade-off between scheduling flexibility and signaling overhead. This can be reused for reduced capability devices in a good coverage. For UEs with coverage problem e.g. due to reduced number of Rx antenna or smaller size, e.g. wearable devices, time domain repetition maybe needed for PDCCH transmission. Hence, it is crucial that the most important information is carried in DCI format targeted to these UEs so as to minimize the DCI format size and improve the coverage performance. In addition, a compact DCI format is also beneficial to increase the DL control capacity from system perspective as the number of reduced capabilities devices, e.g. industry sensors, are expected to significantly increase to very larger number within a single Cell. 
Proposal 2: 
· Study the feasibility to introduce a compact DCI format for reduced capability UEs to enhance the coverage. 

2.3 Power saving techniques
Table 2 summarized the battery requirement for reduced capability UEs. 
Table 2: Battery requirement for different use cases of reduced capability devices.
	
	Industrial wireless sensors
	Video Surveillance
	Wearables

	Battery target
	Few years
	-
	Multiple days (Up to 1-2 weeks)



A set of power saving schemes were introduced in Rel-16 under power saving work item, e.g. support of wake-up signal DCI format 2-6 and cross-slot scheduling. It should serve as the starting point for Rel-17 reduced capability UE to minimize the standard efforts. Some further relaxation should be considered for reduced capability devices. For example, to reduce complexity and power consumption, it would be beneficial, if a UE would not be required to support shared channel decoding in the same slot as control channel decoding, i.e., to only support cross-slot scheduling. This avoids the unnecessary buffering of received samples before the control channel has been decoded only because there might be some relevant data.
Proposal 3: 
· Reduced capability UE should be allowed to support cross-slot scheduling only i.e K0>0 to not only reduce power consumption but also UE complexity. 



3. Conclusion 
In this contribution, we have presented our views on the PDCCH monitoring for reduced capability UEs. Based on the discussions above, the following was proposed: 
Proposal 1: 
· The maximum number of PDCCH candidates and non-overlapped CCEs for USS should be relaxed for reduced capability devices. 
· The number of configurable aggregation levels for NR-lite devices can be further reduced compared to Rel-15 requirement. 
Proposal 2: 
· Study the feasibility to introduce a compact DCI format for reduced capability UEs to enhance the coverage. 
Proposal 3: 
· Reduced capability UE should be allowed to support cross-slot scheduling only i.e K0>0 to not only reduce power consumption but also UE complexity. 
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