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1. Introduction
According to the SID agreed in RAN 86 [1], the scope of reduced capability NR devices is given as following:
	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 

Note1: The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.
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. 
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].



Based on the scope of SID, we will discuss about the potential schemes of reducing PDCCH monitoring for RedCap UE in this contribution.
2. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]Reduced PDCCH monitoring for RedCap UE
2.1 Reduced PDCCH monitroing capability
NR Rel-15/16 has been designed for moderate and high complexity devices, e.g. eMBB, URLLC, thus there are moderate and high requirements on UE PDCCH monitoring capability in order to provide better scheduler flexibility, spectrum efficiency, etc. Table 1 provides a summary of mandatory PDCCH monitoring related capabilities in Rel-15/16.
Table 1 Mandatory PDCCH monitoring capabilities in Rel-15/16
	
	Mandatory PDCCH monitoring capabilities in Rel-15/16

	Number of CORESET per BWP
	3

	Number of Search Spaces per BWP
	10

	CCE budget per slot
	56/56/48/48 for SCS15/30/60/120kHz

	BD budget per slot
	44/36/22/20 for SCS15/30/60/120kHz

	DCI size budget
	4 (3 for C-RNTI, 1 for other RNTI)



For complexity reduction as well as power saving purposes, it is worthwhile to consider reducing the PDCCH monitoring related capabilities for RedCap UEs.
For RedCap UE, we can discuss if it is possible to reduce the maximum configurable CORESETs per BWP to two, e.g. one for dedicated PDCCH and the other for broadcast/common PDCCH, this can reduce the UE complexity in channel tracking of different TCI states. Besides, a RedCap UE will support much less features compared to an eMBB UE therefore the number of simultaneously configured DCI formats can be reduced, which means the DCI size budget can be potentially reduced.
In addition, in many of the RedCap use cases, the channel condition is stable, there is no need to configure the RedCap UE to monitor all the aggregation levels. Therefore, the BD budget can be reduced with a limited number of aggregation levels and PDCCH candidates, the CCE budget can also be reduced accordingly. For example, based on network configuration for search spaces, if only AL4 and AL8 are configured, then only 4 and 2 PDCCH candidates need to be monitored for the 2 ALs respectively. 
[bookmark: _Ref40451918][bookmark: _Ref40470157]Proposal 1: Consider to reduce the value of the following parameters related to PDCCH monitoring for RedCap UE:
· The maximum number of configurable CORESET per BWP. 
· The maximum number of configurable search space per BWP. 
· The total CCE number across all CORESETs in a slot for 15/30/60/120 kHz subcarrier (the standard of normal capability NR device is 56/56/48/32 CCEs separately).
· The total blind decoding attempts per slot for 15/30/60/120 kHz subcarrier spacing (the standard of normal capability NR device is up to 44/36/22/20 separately).
· The DCI size budget. 
1. 
2. 
2.2 Decouple non-fallback DL and UL DCI
In Rel-15/16, the non-fallback DL DCI and UL DCI are always configured simultaneously by search space set as shown in TS 38.331, i.e. DCI format 0_1 and 1_1, DCI format 0_2 and 1_2 (marked yellow as below). Typically the non-fallback DL and UL DCI have different DCI sizes. However, in some use cases described in the scope of RedCap NR devices, the traffic is mainly either DL dominant or UL dominant, e.g. video surveillance and industrial sensors have UL dominant traffic, it is desired to configure UL non-fallback DCI for more frequent monitoring than DL non-fallback DCI. On one hand, when the UL and DL non-fallback DCI sizes are different, it increases the BDs; on the other hand, having both DL and UL non-fallback DCI limits the possibility to reduce the DCI size budget, or increases UE complexity for additional DCI size alignment as well as unnecessary overhead. Therefore, decoupling non-fallback DL and UL DCI monitoring for RedCap UE is beneficial for power saving and for achieving the goal of reducing the DCI size budget.
SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    ...                                                                                                   OPTIONAL,   -- Cond Setup
    searchSpaceType                         CHOICE {
        common                                  SEQUENCE {
            dci-Format0-0-AndFormat1-0              SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-0                           SEQUENCE {
                nrofCandidates-SFI                      SEQUENCE {
                    aggregationLevel1                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel2                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel4                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel8                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel16                      ENUMERATED {n1, n2}                         OPTIONAL    -- Need R
                },
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-1                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-2                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-3                           SEQUENCE {
                dummy1                                  ENUMERATED {sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20}  OPTIONAL, -- Cond Setup
                dummy2                                  ENUMERATED {n1, n2},
                ...
            }                                                                                           OPTIONAL    -- Need R
        },
        ue-Specific                                 SEQUENCE {
            dci-Formats                                 ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},
            ...,
            [[
            dci-FormatsSL-r16                    ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1, formats3-0, formats3-1,
                                                             formats3-0-And-3-1}                        OPTIONAL,    -- Need R
            dci-FormatsExt-r16                   ENUMERATED {formats0-1-And-1-1, formats0-2-And-1-2, formats0-1-And-1-1And-0-2-And-1-2}
                                                                                                        OPTIONAL,    -- Need N
            searchSpaceGroupIdList-r16       SEQUENCE (SIZE (1.. 2)) OF INTEGER (0..1)                  OPTIONAL,    -- Need R
            freqMonitorLocations-r16             BIT STRING (SIZE (5))                                  OPTIONAL     -- Need R
            ]]
        }
    }                                                                                                   OPTIONAL    -- Cond Setup2
}

[bookmark: _Ref40451919][bookmark: _Ref40198740]Proposal 2: To consider decoupling the configuration of DL non-fallback DCI and UL non-fallback DCI monitoring for RedCap UE.
[bookmark: _Hlk32247462]2.3 Dynamic PDCCH monitoring adaptation
Based on Rel-15/16, search space and CORESET are configured per BWP, so for power saving purpose a UE can adapt the PDCCH monitoring by dynamic BWP switching. However, the dynamic BWP switching is not likely to be supported for RedCap UE. Therefore, it is worthwhile to consider PDCCH monitoring adaptation without relying on dynamic BWP switching framework. 
In Rel-16, 3GPP has introduced SS (search space) set switching mechanism in NR-U [2]. A UE can be configured with two SS sets and only one of them is activated at a certain time by explicit or implicit SS set switching indication. Compared with the existing BWP switching, the SS set switching mechanism can achieve dynamic PDCCH monitoring adaptation within one BWP. Therefore, for reducing PDCCH monitoring and power saving improvements, this valuable mechanism can be a starting point for RedCap UE. Some further adaptation and enhancements may be needed. 
In current SS set switching mechanism, UE switches to monitoring SS sets in group 1 when it detects any DCI format by monitoring PDCCH on a SS set associated with SS group 0. Such implicit search space switching rule is reasonable for NR-U as the intention is to adapt the UE monitoring based on the gNB channel occupancy. However, it does not make sense for licensed band operation for power saving purpose, since there is no need to do SS set switching when UE detects a non-scheduling DCI format. For example, UE is configured multiple PDCCH monitoring occasions of DCI format 2_6. But it is no need to switch to SS group 1 when UE is indicated not to wake up for the next long DRX cycle. As another example, there is no need for UE to switch the search space upon detecting a DCI format 2_0 as it does not directly relate to traffic activity.  
There are some potential methods to indicate SS set switching for RedCap UE as shown in Figure 1. These methods can be studied in RedCap SI or in Rel-17 power saving WI. Generally, power saving schemes can be discussed in Rel-17 power saving SI, RedCap dedicated power saving schemes can be discussed in RedCap SI, if any.
· Explicit SS set switching by scheduling DCI, e.g. DCI 0_1 and 1_1
· Implicit SS set switching by detecting scheduling grant, UL transmission (SR/CG), etc.
· Potential extension to wake-up signal (WUS), e.g. WUS indicates SS set switching
· Timer based SS set switching


[bookmark: _Ref32265830]Figure 1 Example of SS set switching mechanism
[bookmark: _Ref40451921][bookmark: _Ref40198792][bookmark: _Ref40284127]Proposal 3: Following can be considered for PDCCH search space adaptation within a BWP for RedCap UE.
· Explicit SS set switching by scheduling DCI
· Implicit SS set switching by detecting scheduling grant, UL transmission (SR/CG), etc.
· Potential extension to WUS, e.g. WUS indicates SS set switching
· Timer based SS set switching
[bookmark: _Ref40451922][bookmark: _Ref40384372]Proposal 4: To clarify the work split between RedCap SI and in power saving WI for PDCCH monitoring adaptation. 
3. Conclusion
In this contribution, we discuss the potential schemes of reducing PDCCH monitoring for RedCap NR devices, and have the following proposals:
[bookmark: _GoBack]Proposal 1: Consider to reduce the value of the following parameters related to PDCCH monitoring for RedCap UE:
· The maximum number of configurable CORESET per BWP. 
· The maximum number of configurable search space per BWP. 
· The total CCE number across all CORESETs in a slot for 15/30/60/120 kHz subcarrier (the standard of normal capability NR device is 56/56/48/32 CCEs separately).
· The total blind decoding attempts per slot for 15/30/60/120 kHz subcarrier spacing (the standard of normal capability NR device is up to 44/36/22/20 separately).
· The DCI size budget. 
Proposal 2: To consider decoupling the configuration of DL non-fallback DCI and UL non-fallback DCI monitoring for RedCap UE.
Proposal 3: Following can be considered for PDCCH search space adaptation within a BWP for RedCap UE. 
· Explicit SS set switching by scheduling DCI
· Implicit SS set switching by detecting scheduling grant, UL transmission (SR/CG), etc.
· Potential extension to WUS, e.g. WUS indicates SS set switching
· Timer based SS set switching
Proposal 4: To clarify the work split between RedCap SI and in power saving WI for PDCCH monitoring adaptation.
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