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1. Introduction
At RAN#91e meeting, revised WID on support of reduced capability NR devices was approved with the following objectives [1]:
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· 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 is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· 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.)
· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap 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. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1] 
[…]
Notes:
· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). 
· Power saving enhancement solutions specified in the UE Power Saving Enhancements WI (NR_UE_pow_sav_enh) shall be assumed to be available also to RedCap UEs by default. 
· 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.



At RAN1#104e meeting, following agreement related to reduced minimum number of Rx branches was made [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 the following sections, reduced minimum number of Rx branches for RedCap UEs and its specification impacts are discussed.


2. Reduced minimum number of Rx branches
As captured in TR38.875, in order to compensate for the performance degradation resulting from a reduced number of UE Rx branches, higher aggregation levels may need to be used. This can lead to increase in PDCCH blocking rate if the amount of PDCCH resources is not increased. Considering the coexistence with non-RedCap UEs, solution to reduce PDCCH blocking rate should be supported for RedCap UEs.
Reducing the CCEs occupied by RedCap UEs would be beneficial for the coexistence and compact DCI specified in Rel.16 URLLC can be considered. Similarly, scheduling multiple PUSCH/PDSCH in a DCI is also beneficial for reducing the PDCCH blocking rate, where multi-PUSCH scheduling by DCI format 0_1 specified in Rel.16 NR-U or multi-PDSCH/PUSCH scheduling agreed to be specified in Rel.17 52.6-71GHz WI can be considered. SPS-PDSCH/CG-PUSCH can also be considered to reduce the PDCCH blocking rate. As it will be discussed in WI phase whether existing capabilities for non-RedCap UEs are mandatory/optionally supported or not for RedCap UEs, detailed solution to reduce PDCCH blocking rate can be discussed through the discussion.
Proposal 1: 
· Support solutions to reduce PDCCH blocking rate for RedCap UEs, considering existing features as baseline.
· Whether existing capabilities for non-RedCap UEs are mandatory/optionally supported or not for RedCap UEs can be discussed later.


3. Conclusion
In this contribution, we discussed reduced minimum number of Rx branches for RedCap UEs and its specification impacts. Based on the discussion, we made following proposal.
Proposal 1: 
· Support solutions to reduce PDCCH blocking rate for RedCap UEs, considering existing features as baseline.
· Whether existing capabilities for non-RedCap UEs are mandatory/optionally supported or not for RedCap UEs can be discussed later.
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