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1. Introduction
According to SID on support of reduced capability NR device, followings will be identified and studied in REDCAP SI; 
	Identify and study potential UE complexity reduction features, including [RAN1, RAN2]:
· Reduced number of UE RX/TX antennas 
· UE bandwidth reduction
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized
· Half-Duplex-FDD
· Relaxed UE processing time 
· Relaxed UE processing capability
The study includes evaluations of the impact to coverage, network capacity and spectral efficiency
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]
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction
· The study includes evaluations of the impact to network capacity and spectral efficiency
Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1]
Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1]


In this contribution, we discuss considerations for studying the objectives from the perspective of PDCCH.
2. Discussion 
2.1. Potential UE complexity reduction features
Regarding the reduced number of UE RX/TX antenna, it can decrease power consumption and processing complexity, while coverage of PDCCH could be also decreased due to lack of signal power. So, if the reduced number of UE RX/TX is introduced for REDCAP UE, coverage recovery scheme for PDCCH should be also studied. For example, higher aggregation level larger than 16 or PDCCH repetition could be considered as a PDCCH coverage recovery scheme. 
The bandwidth reduction is useful for device power saving, but with the reduced bandwidth PDCCH resources may be insufficient for PDCCH transmission/reception. It means higher aggregation level may not be used on the reduced bandwidth, even though the higher ALs are needed for coverage recovery. So, it should be clarified whether PDCCH resource on reduced bandwidth is enough to support coverage recovery for REDCAP. If the PDCCH resource is not enough, further studies for increasing CORESET resources on top of reduced bandwidth seem to be needed. For example, extended CORESET in time domain (e.g., 4, 5, and/or 6-symbol CORESET) can be considered, and CORESET configuration (e.g., REG bundle size, CCE-to-REG mapping, interleaving parameter, etc.) for the extended CORESET could be studied further. 
Observation 1: Impacts on PDCCH configuration caused by potential UE complexity reduction features should be studied, and compensation methods for the impacts should be also discussed. 

2.2. Blind decoding/channel estimation complexity of PDCCH
In NR, a UE performs channel estimations and blind decodes on candidates given by CORESETs and search space set configurations. The channel estimation and blind decoding are one of the main factors of UE’s power consumption on connected mode. From the power saving perspective, it is useful to reduce unnecessary channel estimations and blind decodes.
In Rel-15, BD/CCE limit and corresponding PDCCH mapping rule were defined. The BD limit is the maximum number of monitored PDCCH candidates, and the CCE limit is the maximum number of non-overlapped CCEs (which are used for channel estimation of each PDCCH candidate). If the number of monitored candidates or non-overlapped CCEs is larger than the limit in a certain slot, a UE selects search space set(s) to be monitored based on the PDCCH mapping rule. In our understanding, this procedure can be also applied to the case of smaller number of BD/CCE limit, and there may be no critical problem if a network indicates search space set configuration (such as the number of candidates for each AL, monitoring periodicity …) properly. In addition, it may be discussed how to defined reduced BD/CCE limit, for example, configurable BD/CCE limit or predefined BD/CCE limit for REDCAP device.
Observation 2: Further study for indicating reduced BD/CCE limit is needed.
Observation 3: If the reduced BD/CCE limit is applied, the corresponding UE behaviour for PDCCH monitoring is already clear in the specification.
[bookmark: _GoBack]Regarding the channel estimation complexity, the hierarchical search space structure could be considered for reducing complexity. With the hierarchical structure, the channel estimation results of some candidates can be reused to decode other control channel candidates of other aggregation levels. In addition to hierarchical structure, DMRS mapping type can be also considered for decreasing channel estimation complexity. In NR, full-loaded DMRS (i.e., DMRS is located on all REGs) is used for control channel. However, if channel condition is stable enough (e.g., such as industrial wireless sensor, video surveillance, etc.), full-loaded DMRS requires more complex operation with similar channel estimation performance compared to front-loaded DMRS (i.e., DMRS is located on first symbol of a CORESET). Thus, for REDCAP scenarios, front-loaded DMRS could be considered to decrease channel estimation complexity, and network can configure DMRS type considering channel condition/service type. 
Proposal 1: In REDCAP scenarios, schemes which decrease channel estimation complexity of control channel (such as hierarchical search space structure, first-loaded DMRS, etc.) should be studied for decreasing power consumption. 

3. Conclusion
In this contribution, reduced PDCCH monitoring for REDCAP is discussed, and followings are observed and proposed;
Observation 1: Impacts on PDCCH configuration caused by potential UE complexity reduction features should be studied, and compensation methods for the impacts should be also discussed.
Observation 2: Further study for indicating reduced BD/CCE limit is needed.
Observation 3: If the reduced BD/CCE limit is applied, the corresponding UE behaviour for PDCCH monitoring is already clear in the specification.
Proposal 1: In REDCAP scenarios, schemes which decrease channel estimation complexity of control channel (such as hierarchical search space structure, first-loaded DMRS, etc.) should be studied for decreasing power consumption.


