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1. Introduction
[bookmark: _Hlk49419066]In TR 38.875, “Study on support of reduced capability NR devices”, which has been approved in RAN#90-e, describes UE power saving features of reduced PDCCH monitoring as [1]:

Scheme #1: Reduced maximum number of Blind Decoding (BD) per slot in connected mode:
In Rel-15 and Rel-16 NR, the number of BDs per slot is configurable up to the limits defined for different SCS configurations, as summarized in 8.2.1-1. Scheme #1 reduces the maximum number of BDs in a slot. In Rel-15 and Rel-16 specifications, the total number of different DCI sizes configured to monitor is up to 4 with up to 3 different DCI sizes with C-RNTI. Two alternatives were studied under Scheme #1, which includes reduced maximum number of BDs per slot with additionally reduced DCI size budget (Alt.1a) and reduced maximum number of BDs per slot without reduced DCI size budget (Alt.1b).     
Table 8.2.1-1: Blind decoding limits in NR.
SCS [kHz]
15
30
60
120
Max # BD per slot (in NR)
44
36
22
20
Latency and scheduling flexibility:
The latency impact due to BD reduction may largely depend on PDCCH blocking rate performance impact. If the PDCCH blocking rate is increased by BD reduction, the average latency is expected to be increased; Otherwise, BD reduction has no impact on the latency.  
Scheduling flexibility may or may not be impacted by BD reduction depending on multiple factors at least including BW, Subcarrier Spacing (SCS), CORESET size, AL distribution, channel condition, number of ALs per UE, number of UEs that need to be simultaneously scheduled, DCI size budget reduction, etc.
[bookmark: _Toc51768573][bookmark: _Toc51771080][bookmark: _Toc56714332][bookmark: _Toc57126599][bookmark: _Toc57126720][bookmark: _Toc57127667][bookmark: _Toc57127776][bookmark: _Toc57136476][bookmark: _Toc57144826][bookmark: _Toc57144935]8.2.4	Analysis of coexistence with legacy UEs
The potential impacts on legacy UEs, in terms of PDCCH blocking rate, when coexisting with RedCap UEs in a shared CORESET depend on the scheduling strategy and system parameters. Depending on the network implementation, if legacy UEs are prioritized over RedCap UEs, there is no coexistence impact on the legacy UEs at the cost of increased latency at the RedCap UE side.





8.2.5	Analysis of specification impacts
For reduced PDCCH monitoring, the following specification impacts are foreseen:
-	Depending on the considered techniques, for scheme with reducing maximum number of PDCCH candidates, specification impact may include reducing the limit on maximum number of PDCCH candidates.  
-	For Extending the PDCCH monitoring gap to X slots (X>1), the minimum separation between two consecutive PDCCH monitoring occasions, spans or slots configured with PDCCH candidates is increased from 1 slot to X>1 slots and X needs to be specified.
-	For dynamic adaptation of PDCCH BD parameters in connected mode, specification impacts may include mechanisms used to dynamically adapt PDCCH BD parameters e.g., maximum number of BDs per PDCCH monitoring occasion, span or slot and minimum time separation between two consecutive PDCCH monitoring occasions, spans or slots configured with PDCCH candidates. 
-	The existing Rel-15/Rel-16 PDCCH monitoring configuration can still be used to configure the BD candidates and PDCCH monitoring gap. Additional specification impacts may include one or more of following: reducing DCI size budget, modification to DCI size alignment rule, DCI format design (including single PDSCH scheduling and multiple PDSCHs scheduling), modification to PDCCH candidates dropping rule, to minimize the PDCCH blocking rate impact and network restriction.




In this contribution, we discuss reduced PDCCH monitoring by reduced number of blind decoding and reduced DCI size budget for RedCap UE. This contribution is a re-submission of R1-2101661.
2. Discussion 
In RAN1 #103-e [2], RAN1 has studied the impact of reducing number of BD by half compared to the BD limit of R15/16. According to [3], a PDCCH candidate is not counted for monitoring if there is another PDCCH candidate with same index and lower search space ID or lower index in same search space with conditions of same DCI size, set of CCEs and identical scrambling are all satisfied, otherwise, the PDCCH candidate is counted for monitoring. Furthermore, UE will not monitor PDCCH in USS without allocation and UE will not expect that number of monitored PDCCH candidates in CSS is larger than maximum number of monitored PDCCH candidate. By means of reducing maximum number of BD as power saving method, number of PDCCH candidate counted for monitoring in CSS may be larger than maximum number of monitored PDCCH candidate for RedCap UE to which UE will not expect. This is known as overbooking of PDCCH, i.e., number of required BD is larger than maximum number of BD for monitoring PDCCH. Though gNB may configure less number of PDCCH candidate in CSS to prevent the unexpected circumstance to RedCap UE, this may greatly impact scheduling of common message for URLLC/eMBB UE. 
Proposal 1: Consider discussion on CSS overbooking for RedCap UE.
Furthermore, for reduced PDCCH monitoring as purpose of power saving, there are two alternatives regarding BD reduction with one of which described as [1]: reduced maximum number of BDs per slot with additionally reduced DCI size budget. It can be observed that reduction on number of maximum BD induce PDCCH blocking. The impact of blocking may become severe for RedCap UE with complexity reduction feature of maximum bandwidth reduction, owing to less number of available RBs for the CORESET. Nevertheless, the impact of blocking may be relaxed with additionally reduced DCI size budget. According to [3], the UE expects to monitor PDCCH for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats with CRC scrambled by C-RNTI per serving cell. Since service requirements are relaxed compared to eMBB/URLLC UE [4], RedCap UE may not need to monitor same number of different DCI formats with C-RNTI as R15/16, e.g., 2 sizes of DCI formats with CRC scrambled by C-RNTI.
Proposal 2: Consider reducing DCI size budget for DCI format with CRC scrambled by C-RNTI for RedCap UE.
3. Conclusion
In this contribution, we discuss aspects on reduced maximum number of blind decoding for RedCap UE and have the following proposal.
Proposal 1: Consider discussion on CSS overbooking for RedCap UE by RAN1.
Proposal 2: Consider discussion on number of different sizes corresponding DCI formats with CRC scrambled by C-RNTI for additionally reduced DCI size budget by RAN1.
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