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1	Introduction
This Rel-18 work item [1, 2] introduces enhancements of Rel-17 RedCap functionality [3] by introducing features for further UE complexity reduction (through UE peak data rate reduction and UE baseband bandwidth reduction) and further UE power saving (through enhanced eDRX in RRC Inactive state) to expand the market for RedCap use cases with low-tier eRedCap devices similar to LTE UE category 1/1bis, between existing 3GPP LPWA (NB-IoT/LTE-MTC) devices and Rel-17 RedCap devices.
2	Description
The following key functionalities are introduced as part of this work item, and the related RAN CR packs can be found in references [7] – [12].
Further UE complexity reduction (through UE peak data rate reduction and UE baseband bandwidth reduction)
The Rel-17 RedCap work item [3] introduced a reduced capability (RedCap) UE type which implements one or more UE complexity reduction techniques (reduced maximum UE Rx/Tx bandwidth, reduced number of UE Rx antennas, etc.) to enable NR to efficiently serve midrange IoT use cases (wearables, industrial wireless sensors, video surveillance, etc.).
Rel-18 introduces an eRedCap UE type allowing for further complexity reduction using the following techniques [1]:
-	UE peak data rate reduction in FR1
-	UE baseband bandwidth reduction in FR1
The work item [1] was preceded by a study item documented in [4], where the UE peak data rate reduction is referred to as Option PR1, and the UE baseband bandwidth reduction is referred to as Options BW3/PR3 for PUSCH/PDSCH.
The UE peak data rate reduction restricts the peak rate in DL and UL to 10 Mbps. For every eRedCap UE, the peak rate target is 10 Mbps in UL and DL regardless of what other features the UE may support.
-	The UE peak data rate reduction is supported with or without UE baseband bandwidth reduction. The initial access procedure for UE peak data rate reduction without UE baseband bandwidth reduction is the same as for UE peak data rate reduction with UE baseband bandwidth reduction.
The UE baseband bandwidth reduction restricts the maximum number of PRBs for PDSCH/PUSCH that the UE needs to process per slot. This maximum number of PRBs corresponds to about 5 MHz, or more precisely 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS (referred to as ‘25/12 PRBs’ below).
-	The restriction on the number of PRBs only affects PDSCH/PUSCH, no other signals/channels.
-	For PUSCH, up to 25/12 PRBs can be allocated contiguously within a BWP of up to 20 MHz.
-	For unicast PDSCH, up to 25/12 PRBs can be allocated contiguously or distributed within a BWP of up to 20 MHz.
-	For broadcast (SIB/paging/Msg2) PDSCH, the number of allocated PRBs is not restricted, i.e., any number of PRBs can be allocated within 20 MHz, but it is assumed that the UE is allowed to serialize its processing of these PRBs if they exceed 25/12 PRBs, so that the UE baseband parts process no more than 25/12 PRBs per slot, meaning that it may take more than one slot for the UE to demodulate and decode the whole PDSCH. For SIB and paging, this is not expected to be a problem. However, to give the UE enough time to process Msg2 PDSCH, it was agreed to specify a relaxed Msg2-Msg3 timeline, which is described below.
-	There are some relaxations of the requirements on simultaneous reception of two PDSCHs.
As mentioned above, if a gNB wants to schedule a Msg2 PDSCH with more than 25/12 PRBs, then an eRedCap UE may need a relaxed Msg2-Msg3 timeline. This means that the minimum time between Msg2 and Msg3 is increased by 1 slot. A similar relaxation applies in case of 2-step RACH. The relaxed Msg2-Msg3 timeline was motivated by the UE baseband bandwidth reduction, but it has been agreed that it applies to all eRedCap UEs regardless of whether they support UE baseband bandwidth reduction or not.
Similar early indications have been specified for eRedCap UEs as for Rel-17 RedCap UEs (in the Uu and F1 interfaces). This means that an eRedCap UE always indicates in Msg3 PUSCH (or MsgA PUSCH in case of 2-step RACH) using special LCID that it is an eRedCap UE, and that it also indicates this in Msg1 PRACH if gNB has configured eRedCap-specific PRACH resources.
Similar access barring bits have been specified for eRedCap UEs as for Rel-17 RedCap UEs (in the Uu, Xn, and F1 interfaces). This means that gNB can indicate separately for 1-Rx eRedCap UEs and 2-Rx eRedCap UEs whether they are allowed to access the cell or not.
Further UE power saving (through enhanced eDRX in RRC Inactive state)
The Rel-17 RedCap work item [3] introduced extended DRX cycles for RRC Idle state (up to 10485.76 seconds, i.e., ~3 hours) and RRC Inactive state (up to 10.24 seconds) as an optional feature for both RedCap and non-RedCap UEs. For use cases with relatively relaxed requirements on downlink reachability/latency, the network may configure an extended DRX cycle, which may reduce the UE power consumption substantially during periods with large enough packet inter-arrival time.
Rel-18 takes a step further by introducing support for enhanced eDRX cycle length in RRC Inactive state beyond 10.24 seconds, up to the same eDRX cycle length as for RRC Idle state (up to 10485.76 seconds, i.e., ~3 hours), making the RRC Inactive state more power-efficient. The RAN/SA work items [1, 5] were started after a study [6] had assessed that this would be feasible.
For eDRX cycles longer than 10.24 seconds, new procedures between RAN and CN have been defined to enable/disable buffering of data and signalling in the CN, based on the RAN configured eDRX cycle and paging time window (PTW). A new RAN paging request is defined from CN to RAN to page the UE in RRC Inactive state based on the long eDRX cycle information. Regarding PTW, different PTW lengths can be configured for RRC Idle state and RRC Inactive state, respectively (in the range 1.28 to 40.96 seconds). The configured eDRX cycle length for RRC Inactive state is upper bounded by the configured eDRX cycle length for RRC Idle state.
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