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1. Introduction
At RAN 92 meeting the revised WI “Support of reduced capability NR devices” [1] was approved. The RAN4 related objectives are copied below:

· 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.
· 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. 

· Specify RAN4 core requirements for the above. 

The impact of various complexity reduction techniques on the RRM requirements was discussed at RAN4 100e meeting and some agreements were achieved. In this contribution we provide our further considerations on the impact for signalling characteristics of Redcap.

2. Discussion
During RAN4 100e meeting, the following agreements were achieved [2].
Inter-frequency support

· RAN4 to develop intra-frequency and inter-frequency requirements for release 17 RedCap with equal priority.
Inter-RAT 2G/3G in IDLE/INACTIVE and CONNECTED states

· Do not define inter-RAT RRM requirements on 2G/3G for RedCap UE in Rel-17

Inter-RAT LTE in IDLE/INACTIVE and CONNECTED states

· Define inter-RAT LTE RRM requirements in IDLE/INACTIVE and CONNECTED states
· For 2RX capable RedCap UEs

· Use 2RX inter-RAT LTE requirements defined in TS 38.133 as baseline
· For 1RX capable RedCap UEs

· Use LTE Cat1bis requirements in TS 36.133 as baseline
· FFS whether and how to define inter-RAT NR RRM requirements for LTE UEs with RedCap capabilities in IDLE/INACTIVE and CONNECTED states
SUL support

· Whether to support SUL for RedCap in RRM depends on RF agreement.
onsideration of LTE cat-M1 or NB-IoT for RedCap in TS 36.133

· This issue shall be discussed after agreement is reached on whether to support LTE inter-RAT support for RedCap. 

V2X requirements for Rel-17 RedCap

· V2X is not within the scope of RedCap WID. Thus no more discussions are needed on this topic.
Combination of features

· When discussing possible combinations of Rel-16 features and RedCap, we should by default assume that the features are not applicable and then identify which features (such as R16 CSI-RS based L3 measurement, L1-SINR measurement, SFTD measurement, CGI reading, and PL-RS change, etc.) can be combined with RedCap case by case based on justification.
Assumptions on UE for defining RRM requirements

· Define separate set of requirements for 1RX and 2RX capable RedCap UEs

· For RedCap UEs using 2 RX branches
· Use Release 15 NR UE measurement requirements for single carrier operation as baseline
· Single searcher is assumed

· For RedCap UE using 1 RX branches
· Define a new set of RRM requirements for single carrier operation
· Single searcher is assumed

· Note: the changes related to reduced BW and HD-FDD shall be further discussed
2.1 Measurement capabilities

For the UE measurement capability, currently the following requirements are defined at 4.2.2.1 of [4]

-
Depending on UE capability, 7 NR inter-frequency carriers, and

-
Depending on UE capability, 7 FDD E-UTRA inter-RAT carriers, and

-
Depending on UE capability, 7 TDD E-UTRA inter-RAT carriers.

As discussed at [5], this part could be impacted for the Redcap complexity reduction. To our understanding, it is not necessary for a Redcap terminal to keep the same monitoring capabilities as a legacy NR UE, especially when NR CA and MR-DC measurement purpose are not needed be considered. The inter-frequency carrier to be monitored could be 3. Similar rule could be applied for LTE FDD/TDD. 

Proposal 1: The inter-frequency carriers for a Redcap terminal to be capable of monitoring could be reduced. Similar rule could be applied for LTE FDD/TDD.

2.2 Maximum interruption in paging reception
Maximum interruption time in paging reception has been defined for RRC_IDLE and RRC_INACTIVE state. The requirements of RRC_INACTIVE state are the same as these of RRC_IDLE state. At the current specification, the definition is: 
At intra-frequency and inter-frequency cell re-selection, the UE shall monitor the downlink of serving cell for paging reception until the UE is capable to start monitoring downlink channels of the target intra-frequency and inter-frequency cell for paging reception. The interruption time shall not exceed TSI-NR + 2*Ttarget_cell_SMTC_period ms.

At inter-RAT cell re-selection, the UE shall monitor the downlink of serving cell for paging reception until the UE is capable to start monitoring downlink channels for paging reception of the target inter-RAT cell. For NR to E-UTRAN cell re-selection the interruption time must not exceed TSI-EUTRA + 55 ms.

TSI-NR is the time required for receiving all the relevant system information data according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for an NR cell.

TSI-EUTRA is the time required for receiving all the relevant system information data according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [16] for an E-UTRAN cell.
Regarding terms used in requirements, apparently Ttarget_cell_SMTC_period and the fixed value 55ms will not be impacted by any complexity reduction techniques of Redcap. For the value of TSI-EUTRA and TSI-NR, during the specification period sufficient margin has already been considered for the system information reading, for example TSI-NR is 1280ms, hence we think any update on these values are not required. 

Proposal 2: There is no impact on the requirement for maximum interruption in paging reception.

2.3 Impact on HD-FDD requirements

Regarding the impact of applying HD-FDD techniques, the following conclusion has been achieved at RAN4 100e meeting:

Issue 2-3-1: Impact on HD-FDD UE requirements 

New RRM core requirements or clarifications are needed for HD-FDD type A RedCap UEs.  
3. Conclusion
In this contribution, we provide our considerations on signalling characteristics for Redcap and have the following proposal:
Proposal 1: The inter-frequency carriers for a Redcap terminal to be capable of monitoring could be reduced. Similar rule could be applied for LTE FDD/TDD.

Proposal 2: There is no impact on the requirement for maximum interruption in paging reception.
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