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1. Introduction
In RAN#90-e, a WI for RedCap devices was approved with the following objectives [1],
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHzis supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
· [bookmark: _Hlk58502603]Specify higher layer support of enhancements listed above [RAN2, RAN1]. Details are to be refined at RAN#91e taking the outcome of the RedCap SI into account, and work on this objective shall start after RAN#91e:
· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.
· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331).
· Specify RAN4 core requirements for the above. 
Notes:
· Rel-15 SSB bandwidth is reused and L1 changes minimized.
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs is to be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.
· The work in other WGs than RAN1 starts after RAN#91e.
· [bookmark: _Hlk58575355]The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.




In RAN1#104-e, the below agreements were reached for reduced minimum number of Rx branches [2]:
Agreements:
· For reduced minimum number of Rx branches in FR1 and FR2 frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports:
· FFS: need for solutions to reduced PDCCH blocking
· FFS: need for reporting of UE antenna related information to gNB (e.g., # of panels, polarization, etc.)
· Information related to the reduction of the number of antenna branches is assumed to be known at the gNB (either implicitly or explicitly, to be FFS)

In this contribution, we discuss our views on need for potential solutions to reduce PDCCH blocking.



2. Discussion
[bookmark: __DdeLink__60439_624938530]The study on reduced capability UEs was introduced to cater to applications that require low data rates, limited processing requirement, less critical latency requirements etc. Some of the use cases include industrial wireless sensors, video surveillance and wearable devices. A legacy UE will be able to handle such applications. However, defining a new type of UE for low complexity applications will significantly reduce the cost. Applications such as utility meters and industrial sensors involve occasional transmission of small burst of data. These devices are expected to have a battery life of many years. Therefore, factors such as maximum transmission bandwidth, number of receive branches have been reduced for a reduced capability UE compared to a legacy UE.
According to the WID, for frequency bands where legacy NR UE is required to support a minimum of 2 Rx branches, the minimum number of Rx branch requirement for reduced capability UE is 1. The reduction in Rx branches of reduced capability UE reduces the possible spatial diversity gain that can be achieved, which causes a degradation in downlink (DL) performance. This degradation needs to be mitigated, especially for PDCCH, since loss in DL control information is undesirable. Therefore, additional features are required to improve the reception and decoding quality of PDCCH. 
One way to compensate for the loss in diversity gain, for PDCCH, is increasing the coding gain by transmitting at a higher AL. Increasing the AL implies that more CCEs are required to transmit the PDCCH. For reduced capability UEs, bandwidth has been reduced to 20MHz for FR1 and 100 MHz for FR2.The number of CCE available for reduced capability UE is limited by the bandwidth of the UE. For e.g., for a reduced capability UE operating with a maximum bandwidth of 20 MHz and a sub-carrier spacing of 30 kHz, the number of CCE available in a CORESET with a duration of 3 OFDM symbol is around 27. Therefore, even if two reduced capability UE’s share the same CORESET, transmission of two PDCCHs with 16 AL is not possible and will lead to PDCCH blocking. An alternative way is to reduce the size of DCI. Using a reduced payload DCI, higher coding gain can be supported with the same AL.. This helps to mitigate the loss of spatial diversity gain incurred due the reduction in minimum Rx branches. By using lower AL with reduced DCI size, same level of PDCCH performance can be achieved, without reducing the PDCCH capacity. Since complexity is reduced considerably in reduced capability UEs and most use cases require UEs to be stationary, certain fields in DCI can be modified or combined, leading to reduction in DCI payload.
Proposal 1: Support compact DCI by combining different DCI fields and/or reducing minimum size of certain DCI fields.

In certain reduced capability UE use cases, the UE is considered to have periodic traffic pattern and have low/no mobility. Also, multiple UEs placed in close proximity also share similar traffic patterns. In such cases, if a group of reduced capability UE’s share certain control information, the total number of PDCCH transmitted by the gNB can be reduced, which in-turn helps reducing the PDCCH blocking rate. Therefore, a group of UE can be scheduled using a common DCI.
 

Proposal 2: Support new group-common DCI for RedCap UE.

An alternative approach is to schedule multiple PDSCH through single DCI. Scheduling of multiple PDSCHs using a single DCI can be used for reducing the PDCCH blocking and also in reducing power consumption. If each of the PDSCH is scheduled using an independent DCI, then the number of scheduled DCIs will be more. If multiple PDSCHs are scheduled by a single DCI, the number of scheduled DCIs will reduce, which in turn will require lesser number of PDCCH candidates to schedule a UE. 

[bookmark: __DdeLink__132394_1175788048]Proposal 3: Scheduling multi-PDSCH through single DCI to be supported.

3. Conclusions
In this contribution we considered potential solution for reducing PDCCH blocking. Based on the discussion we make the following observations and proposals,

· Proposal 1: Support compact DCI by combining different DCI fields and/or reducing minimum size of certain DCI fields.
· Proposal 2: Support new group-common DCI for RedCap UE.
· Proposal 3: Scheduling multi-PDSCH through single DCI to be supported.
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