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Introduction
In Rel.17 NR, the complexity reduced UE should be defined to adapt the use case of IoT, e.g. industrial sensor, video surveillance and wearables. Based on the objective of the SID [1], the complexity reduced UE can have the following methodology to save power.
	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].


In this contribution, we discuss the PDCCH monitoring reduction for the complexity reduced UE.

[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Reduced BD/CCE number
BD/CCE number in NR
In NR, The PDCCH is mapped to physical resources in units referred to as CCEs. Each CCE consists of six resource element groups (REGs). For each PDCCH, 1, 2, 4, 8, or 16 CCEs can be allocated, where the number of CCEs for a PDCCH is denoted as aggregation level (AL). A PDCCH with AL L is mapped to physical resources in a given BWP, where necessary parameters (e.g. frequency and time domain resources) are configured to a UE by means of control resource set (CORESET). A UE may be configured with up to three CORESETs on each of up to four BWPs on a serving cell. Therefore, a UE may be configured with up to 12 CORESETs on a serving cell in total. The UE needs to perform blind decoding (BD) for a set of PDCCH candidates. PDCCH candidates to be monitored are configured for a UE by means of search space (SS) sets. A UE can be configured with up to 10 SS sets each for up to four BWPs in a serving cell. Therefore, a UE can be configured with up to 40 SS sets.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Monitoring a large number of PDCCH candidates or CCEs increases the UE complexity and power consumption. Therefore, NR specifies the maximum number of PDCCH candidates that require blind decodes, = {44, 36, 22, 20}, and the maximum number of CCEs,  = {56, 56, 48, 32}, that UEs are capable of handling in a slot of SCS 𝜇 = {0, 1, 2, 3}.

BD/CCE number reduction
The limited maximum number of PDCCH candidates and the maximum number of CCEs in NR are still not acceptable for the complexity reduced UE, since the capability of a complexity reduced UE is reduced compare with NR and the requirement of power consumption is more stringent. Therefore, BD/CCE number should be reduced. 
From the perspective of configuration, and the following points can be considered:
1. Reduce the number of configured CORESETs and SS sets on each BWP
2. [bookmark: OLE_LINK41]Restricting the SS set configuration, e.g. 
· Only slot based PDCCH monitoring case (e.g. case1-1) is supported
· Only larger PDCCH monitoring periodicity is supported, since UE may not be able to complete PDCCH decoding in a slot. The periodicity limitation is related to subcarrier spacing.
3. Limited aggregation level
· Due to antenna gain loss, it may be necessary to consider a larger aggregation level to recover the coverage (e.g. only 4, 8, or 16 CCEs can be allocated).
Observation 1: To reduce the PDCCH monitoring, gNB could configure a fewer number of CORESETs and SS sets on each BWP, and restricting the SS set configuration and aggregation level.
[bookmark: OLE_LINK24][bookmark: OLE_LINK27]From the perspective of UE decoding capability, the maximum number of PDCCH candidates and the maximum number of CCEs can be further reduced. For the case that the configured number of PDCCH candidates/CCEs per slot that exceeds the UE capability, dropping rule and mapping rule are also needed.
Proposal 1: The maximum number of PDCCH candidates and the maximum number of CCEs can be further reduced.

Reduce DCI size budget
[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]To reduce the number of blind decodings, the number of DCI sizes for a given UE to monitor in a single slot should be as few as possible. In NR, at most 4 different DCI sizes are monitored by the UE per slot and at most 3 different DCI sizes are monitored per C-RNTI per slot.
[bookmark: _GoBack]Limiting to small DCI size budget for hypotheses to blind decoding could result in spectral efficiency loss, since large number of padded bits are needed. Large DCI size budget would result in fewer padding and achieve higher spectral efficiency at the expense of more blind decodings. The DCI size budget would be a trade-off between spectral efficiency and UE blind decoding complexity. 
For complexity reduced NR UE, considering lower requirements on maximum bandwidth and date rate compared with NR UE, the size of BWP is small than NR and one codeword can meet the requirements of the transmission. Maximum DCI size for complexity reduced NR UE will small than NR. Furthermore, the DCI size difference mainly comes from resource allocation type and number of transmitted CWs. Therefore, some methods of DCI size budget reduction can be considered to reduce the number of blind decodings, e.g., one search space corresponds to one DCI size value.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Proposal 2: DCI size budget reduction can be considered for complexity reduced UE.

Conclusion
Based on the analyses and discussions, we have the following observation and proposals:
Observation 1: To reduce the PDCCH monitoring, gNB could configure a fewer number of CORESETs and SS sets on each BWP, and restricting the SS set configuration and aggregation level.
Proposal 1: The maximum number of PDCCH candidates and the maximum number of CCEs can be further reduced.
Proposal 2: DCI size budget reduction can be considered for complexity reduced UE.
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