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1 Introduction
In the latest revised WID [1] for specifying reduced capability NR (RedCap) devices, the following objectives for the core part have been marked to be in RAN4’s responsibility or have RAN4 impact.
	· 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 support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.
· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.
· Specify support for the following RRM measurement relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected [RAN2, RAN4]:
· Specify measurement (RSRP/RSRQ) based stationarity criterion and not-at-cell-edge criterion [RAN2]
· Enabling/disabling of RRM measurement relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM measurement relaxation.
· Specify UE requirements for RRM measurement relaxation [RAN4]
· No RRM measurement relaxations are specified for the serving cell. 



In addition, the following objective mentions that carrier aggregation is not intended for RedCap UEs.
	· 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.



The scope of RAN4’s work on core RRM requirements related to reduced capability NR (RedCap) devices was addressed at RAN4 #99-e with approved WF in [2]. The scope of Rel-17 RRM requirements for RedCap as contained in [2] is replicated below.
[image: ]
This contribution discusses open issues on the scope of RRM core requirements related to reduced capability NR RedCap devices.
2 Discussion
In this section, we discuss open issues in [2] in regard to RRM core requirements for RedCap devices.

2.1 No DC or CA support
The latest revision of the WID [1] and the approved WF in [2] specify that Carrier Aggregation and Dual Connectivity are not supported for RedCap UE. Thus, RRM core requirements are based on single CC.
RRM core requirements for RedCap device are based on single CC.
2.2 HD-FDD type A support
The WID [1] contains support for “HD-FDD type A with the minimum specification impact”. Thus, introduction of half-duplex FDD UE in TS 38.133 is needed which is not yet defined compared against LTE. Impacts from HD-FDD operation, introduced for IoT devices in TS 36.133 encompass modified requirements for cell re-selection if Wake-Up-Signal (WUS) is configured, radio link monitoring, intra-frequency and inter-frequency measurements, intra-frequency and inter-frequency OTDOA, ECID and UE Rx-Tx time measurements. 
As previously mentioned, our view is that HD-FDD type A front end should comply with general Tx/Rx switching mask requirements as specified for non-FD device in Table 4.3.2-3 in TS 38.211, in order to minimize interference to other NR devices. No further RRM impacts for RedCap device compared to legacy NR device are seen for this case. 
However, in case relaxed transition times between Tx and Rx operation are agreed, as being discussed in RF session, UE Tx timing requirements in TS 38.133 are expected to be as well affected.
No new RRM core requirements for HD-FDD type A RedCap device compared to legacy NR device need to be specified.
2.3 SUL support
SUL support was discussed in the RRM email thread at RAN4 #99-e. It was then agreed to wait on the outcome in the RF session, which could not achieve a conclusion. Neither RAN #92-e agreed to include SUL support in the latest approved revision of the WID [1]. As previously mentioned, the WID does not specify support of RedCap devices in SUL bands. In our view, a WID revision needs to be agreed first to allow investigations on RRM requirements related to SUL support.
No SUL support is considered for RedCap device.
2.4 Inter-frequency requirements
Inter-frequency requirements were discussed in the RRM email thread at RAN4 #99-e [3] without conclusion, see WF [2]. 
For inter-frequency RRM requirements, it is FFS whether to specify them for Rel-17. Prioritization of intra-frequency RRM requirements for Rel-17 was proposed by some companies at RAN4 #99-e. In our view, inter-frequency RRM requirements are equally important than intra-frequency RRM requirements, especially for moving RedCap devices and due to interference management aspects. Thus, inter-frequency measurement requirements are needed for Rel-17. 
Inter-frequency RRM measurement requirements for RedCap device are needed for Rel-17.
2.5 Inter-RAT requirements
For inter-RAT RRM requirements, two options were left for further study at RAN4 #99-e [2]:
• 	Option 1: Do not define inter-RAT requirements for RedCap UE in Rel-17.
•	Option 2: RAN4 agrees that reduced capability NR UE is not required to monitor/measure/evaluate any inter-RAT cell on 2G/3G. FFS: whether reduced capability NR UE is not required to monitor/measure/evaluate any inter-RAT cell on LTE.
Thus, support for 2G/3G inter-RAT RRM requirements has been basically excluded whilst LTE inter-RAT RRM requirements are still considered relevant by a large number of companies. 
In our view, inter-RAT cell (re-)selection to LTE is required for RedCap devices with mobility, as NR has only partial coverage while LTE has much wider coverage, but 2G/3G inter-RAT measurement requirements should be discarded, as cell re-selection to 2G and 3G has not been included in the WID objectives [1].
Inter-RAT measurement requirements for RedCap device are limited to LTE.
3 Conclusion
This contribution discusses open issues on the scope of RRM core requirements related to reduced capability NR (RedCap) devices.
The following proposals are made.
1. RRM core requirements for RedCap device are based on single CC.
No new RRM core requirements for HD-FDD type A RedCap device compared to legacy NR device need to be specified.
No SUL support is considered for RedCap device.
Inter-frequency RRM measurement requirements for RedCap device are needed for Rel-17.
Inter-RAT measurement requirements for RedCap device are limited to LTE. 
4 References
[1] [bookmark: _Ref71179628]RP-211574, “Revised WID on support of reduced capability NR devices”, Ericsson, RAN #92e
[2] R4-2108359, “WF on RedCap RRM requirements”, Ericsson
[3] R4-2108408, “Email discussion summary for [99-e][236] NR_redcap_RRM”, Ericsson
2

image1.png
Scope of RedCap in release 17

* RRM requirements are developed for all three duplex modes, i.e. FD-FDD, HD-
FDD type A and TDD in Release 17 RedCap.

* RRM requirements are developed for both 1 Rx and 2Rx for each duplex mode
(FD-FDD, HD-FDD type A and TDD).

* RAN4 should focus on RRM requirements that are relevant to PCell operation, i.e.
no DC or CA is considered for RedCap in release 17.

* Inter-frequency mobility
* FFS whether to define inter-frequency RRM requirements for RedCap UE in Rel-17.

* Inter-RAT mobility
* Option 1:
* Do not define inter-RAT RRM requirements for RedCap UE in Rel-17.
* Option 2:
* Do not define inter-RAT RRM requirements on 2G/3G for RedCap UE in Rel-17
¢ FFS: whether define inter-RAT RRM requirements on LTE for RedCap UE in Rel-17
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