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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 has already been discussed for a few meetings. In this contribution we provide our further considerations on general aspects of Redcap.

2. Discussion
At RAN4 101bis meeting, the following agreements were achieved for Redcap general aspects:

Measurement capability in IDLE/INACTIVE state
The RedCap UE shall be capable of monitoring at least

· Intra-frequency carrier, and

· Depending on UE capability, 6 NR inter-frequency carriers, and

· Depending on UE capability, 6 FDD E-UTRA inter-RAT carriers, and

· Depending on UE capability, 6 TDD E-UTRA inter-RAT carriers.

A total of 11 carrier frequency layers, which includes serving layer, comprising of any above defined combinations of E-UTRA FDD, E-UTRA TDD and NR layers. 

Measurement capability in CONNECTED state

The RedCap UE shall be capable of monitoring at least: 

· Depending on UE capability, 6 NR SSB inter-frequency carriers configured by PCell, and

· Depending on UE capability, 7 NR inter-frequency carriers including SSB and CSI-RS in total configured by PCell, and

· Depending on UE capability, 6 E-UTRA TDD inter-RAT carriers configured by PCell, and

· Depending on UE capability, 6 E-UTRA FDD inter-RAT carriers configured by PCell, and

In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 10 effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, and E-UTRA TDD.
Whether to reuse NR measurement capability to LTE

· Measurement capability of RedCap UE in IDLE/INACTIVE and CONNECTED states is applies to LTE FDD/TDD supporting RedCap.
Paging reception for HD-FDD UE
For IDLE/INACTIVE state:

· The RedCap UE operating in HD-FDD mode shall receive paging (if transmitted) in a serving cell provided that at least one SSB is available at the UE in the serving cell during the last 160ms duration.
For CONNECTED state:

In connected mode, as paging is carried on PDCCH, it can be left to network implementation to ensure PDCCH reception performance of HD-FDD UE.
Small data transmission for RedCap

· When there is an overlap between paging reception and CG-SDT transmission occasion in time domain for a HD-FDD UE, the UE shall not miss the paging reception and the UE is allowed to drop the CG-SDT transmission.

This contribution focuses on the following aspects: 
2.1 Measurement capability

Whether to reduce the number of cells and number of SSB 

· Option 1 (Oppo, QC, vivo, Xiaomi, Apple, MTK): Companies support reducing the number of cells and number of SSBs for RedCap in FR1 and FR2

· Option 2 (E///, CMCC; Nokia):  Companies not support reducing the number of cells and number of SSBs for RedCap in FR1 and FR2
For Redcap UE, any dimension for capability reduction which results in power consumption reduction, UE complexity reduction etc., could be considered and actually the following aspects have already been considered:

1. number of antenna

2. supporting bandwidth 

3. measurement capability

4. introduction of HD-FDD

5. eDRX and RRM relaxation  
To our understanding, the number of cells and SSB are definitely related dimensions to be considered for Redcap UE. However due to the time frame of Rel-17, the related investigation maybe not to be carried out during Rel-17 timeframe.
Proposal 1: Prefer to consider reducing the number of cells and number of SSBs for RedCap in FR1 and FR2, if agreed, the starting time of the related investigation work needs be determined. 
2.2 Paging reception
Impact on paging reception requirements for FD-FFD/TDD UEs

· Option 1 (vivo, Xiaomi, CMCC, E///, QC): There is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap.

· Option 2 (HW):
For RedCap with 1RX, the interruption time shall not exceed TSI-NR + 3*Ttarget_cell_SMTC_period ms.
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 for 2RX 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, we think the value can be reused however it is also ok to discuss it during the performance part and only reuse formula. 
However considering the 1RX receiver, considering SNR=-6dB, based on our simulation results [3] we identify that at least when SCS = 15 kHz/30 kHz, one more Ttarget_cell_SMTC_period is needed for TDL-A/TDL-B/TDL-C scenarios. The simulation results are copied below for reference.
Table 1: PSS/SSS detection delay
	SCS
	Propagation Condition
	90 percentiles of the PSS/SSS acquisition time

	
	
	-8dB
	-6dB
	-2dB

	
	
	1Rx
	2Rx
	1Rx
	2Rx
	1Rx
	2Rx

	15kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1

	
	TDL-B
	4
	3
	3
	2
	2
	1

	
	TDL-C
	4
	3
	3
	2
	2
	1

	30kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1

	
	TDL-B
	4
	3
	3
	2
	2
	1

	
	TDL-C
	4
	3
	3
	2
	2
	1

	120kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1

	240kHz
	AWGN
	4
	2
	1
	1
	1
	1

	
	TDL-A
	4
	3
	3
	2
	2
	1


Observation 1: When SNR=-6dB, for 1RX at least when SCS = 15 kHz/30 kHz, for TDL-A/TDL-B/TDL-C scenarios, one more Ttarget_cell_SMTC_period is needed.    
Proposal 2: For paging reception, option 1 can be used for 2RX case. For 1RX, suggest to consider option 2.  
2.3 Small data transmission for RedCap
SDT for RedCap with 2 Rx

· Option 1 (E///, ZTE, Nokia, CMCC, Apple, MTK, QC): SDT requirements for RedCap UE with 2 Rx are reused from those defined for legacy NR UEs under Rel-17 SDT WI.
· Option 1 (HW) Wait for SDT progress.
SDT for RedCap with 1 Rx

· Option 1 (E///, Apple, Nokia): Time windows defining the valid measurements used for TA validation are reused from Rel-17 SDT discussions but need to be updated to reflect the RedCap 1 Rx measurement times.
· Option 2 (HW, MTK, CMCC, QC): FFS
For SDT for RedCap with 2 Rx, to our understanding the current SDT requirements for 2Rx can be reused for Redcap UE with 2RX. For the SDT for RedCap with 1 Rx, we think the definition of the timing window defining valid measurement will be impacted by the number of antenna hence the existing time window definition can be reused for Redcap UE with 1RX. 
Proposal 3: For SDT for RedCap with 2 Rx, the current SDT requirements for 2Rx can be reused for Redcap UE with 2RX, i.e., option 1. For the SDT for RedCap with 1 Rx, the existing time window definition can be reused for Redcap UE with 1RX, i.e., option 1. 
3. Conclusion
In this contribution, we provide our considerations on general aspects for Redcap and have the following observation and proposals:
Observation 1: When SNR=-6dB, for 1RX at least when SCS = 15 kHz/30 kHz, for TDL-A/TDL-B/TDL-C scenarios, one more Ttarget_cell_SMTC_period is needed.    
Proposal 1: Prefer to consider reducing the number of cells and number of SSBs for RedCap in FR1 and FR2, if agreed, the starting time of the related investigation work needs be determined. 
Proposal 2: For paging reception, option 1 can be used for 2RX case. For 1RX, suggest to consider option 2.  
Proposal 3: For SDT for RedCap with 2 Rx, the current SDT requirements for 2Rx can be reused for Redcap UE with 2RX, i.e., option 1. For the SDT for RedCap with 1 Rx, the existing time window definition can be reused for Redcap UE with 1RX, i.e., option 1. 
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