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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. 

From the WI description, eDRX is one of key technology of Redcap WI. In this contribution we provide our initial considerations on eDRX for Redcap.
2. Discussion
The eDRX mechanism for Redcap has already been discussed at RAN2 for a few meetings and the latest agreements regarding eDRX from RAN2 114e are copied below for reference.  
Agreements via email - from offline 110:

1. Lower bound for eDRX configuration in RRC_IDLE and RRC_INACTIVE is 2.56 seconds. Inform SA2/CT1 and check if there is any concern.

2. It is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length.

3. When RAN and CN paging coincide in the same PH, the PTW starting locations are the same. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.

eDRX mechanism has not been used for NR before however it is widely used by E-UTRAN. To support for the Extended DRX enhancements for RedCap UEs, it is important to have a check on the design principles and methodology used by E-UTRAN. 
At E-UTRAN, generally, the introduction of eDRX will impact cell reselection performance requirements at idle state. For the normal cell reselection related requirements, the following scenarios have its particular performance requirements when eDRX is configured:
· Measurement of intra-frequency E-UTRAN cells

· Measurement of inter-frequency E-UTRAN cells

· Measurement of inter-RAT cells

· Evaluation of cell re-selection criteria
· Maximum interruption in paging reception
In addition, performance requirements for cell reselection particular for scenarios where eDRX is configured are also defined for UE category NB1 and UE category M1. Using cell reselection requirements for intra-frequency E-UTRAN cells as an example, the corresponding requirements when eDRX_IDLE cycle is not configured and configured are: 
Table 4.2.2.3-1 : Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


Table 4.2.2.3-2: Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate,E-UTRAN_intra for UE configured with eDRX_IDLE cycle

	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	5.12 ≤ eDRX_IDLE cycle length ≤ 2621.44
	0.32
	≥1.28 (1)
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 (23)
	0.32 (1)
	0.64 (2)

	
	0.64
	≥1.28 (1)
	
	0.64 (1)
	1.28 (2)

	
	1.28
	≥2.56 (2)
	
	1.28 (1)
	2.56 (2)

	
	2.56
	≥5.12 (4)
	
	2.56 (1)
	5.12 (2)

	NOTE 1: The number of DRX cycles in this table is given for the DRX cycles within PTWs.

NOTE 2: The eDRX_IDLE cycle lengths are as specified in Section 10.5.5.32 of TS 24.008 [34].


Compared performance requirements at above two tables we can have the following observations:

1. Requirements for cell measurement, evaluation and identification are all relaxed when eDRX_IDLE cycle is configured compared with that when eDRX_IDLE cycle is not configured. 
2. When eDRX_IDLE cycle is configured, the intention is that all measurements are performed within PTW of one eDRX cycle.
Fundamentally, the principles of the above two observations can be used when introducing eDRX for Redcap. Regarding the relaxation, in principle the requirements for a NR cell measurement/evaluation/identification should be relaxed compared with requirements when eDRX is not configured. Since eDRX has never been used for NR before, the concrete value could be determined through related simulation campaign, if necessary. 
Proposal 1: When eDRX is configured, the requirements for a NR cell measurement/evaluation/identification should be relaxed compared with requirements when eDRX is not configured. The concrete relaxed value could be determined through related simulation campaign, if necessary.   
For the inactive performance requirements, whether same or different requirements as idle state should be defined needs investigation as well. 

Proposal 2: For the inactive performance requirements, , whether reuse idle state requirements or not should be determined. 

When eDRX is configured for Redcap, in principle, the assumption that all measurements are performed within PTW of an eDRX cycle in LTE, can still be reused for NR. However in the latest RAN2 agreements as copied above, new value 2.56s is introduced to eDRX. In general the PTW is not available for eDRX when the eDRX length is 2.56s and 5.12s. Hence further investigations are required on the assumption for how measurement is performed when the eDRX length is 2.56s and 5.12s.   
Proposal 3: When eDRX is configured for Redcap, in principle, the assumption that all measurements are performed within PTW of an eDRX cycle in LTE, can still be reused for NR. Further investigations are required on the assumption for how measurement is performed when the eDRX length is 2.56s and 5.12s. 
3. Conclusion
In this contribution, we provide our further considerations for the Pre-configured MG pattern(s) (fast MG configuration) item and have the following observations and proposals:
Proposal 1: When eDRX is configured, the requirements for a NR cell measurement/evaluation/identification should be relaxed compared with requirements when eDRX is not configured. The concrete relaxed value could be determined through related simulation campaign, if necessary.   
Proposal 2: For the inactive performance requirements, , whether reuse idle state requirements or not should be determined. 

Proposal 3: When eDRX is configured for Redcap, in principle, the assumption that all measurements are performed within PTW of an eDRX cycle in LTE, can still be reused for NR. Further investigations are required on the assumption for how measurement is performed when the eDRX length is 2.56s and 5.12s.   
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