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Introduction
According to the schedule of Rel-17 NR_redcap work item, May WG4 meeting marks the start of RRM discussions for this topic. Detailed scope of the work item can be found in the newest version of work item description in [1].
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· 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.
· 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.
· RRM relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected, considering the alternatives identified in the RedCap SI:
· Study until RAN#92e, and, if agreed, specify RRM measurement relaxation criteria (where, for RRC_Idle/Inactive the Rel-16 mechanism is the baseline, and for RRC_Connected the mechanism reuses the Rel-16 RRM relaxation criteria from RRC_Idle/Inactive so as to maximize the commonality with Idle/Inactive UEs) [RAN2]
· Enabling/disabling of RRM relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM relaxation.
· After RAN#92e, if agreed in RAN2, specify RRM measurement relaxation [RAN4]
· No RRM relaxations are specified for the serving cell. 



In the above box, all the current RRM related scope objectives are copied (other items omitted). This contribution makes an initial catch of the RRM impacts in a generally high-level way. Further adjustments are probably needed as discussions carry on.
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General
We can see from the listed RRM related scope that we mainly need to deal with three aspects: 
· Reduced UE complexity, 
· eDRX spec, and
· RRM measurement relaxations. 
In the following discussions we elaborate on each of the aspects and try to identify roughly the exact RRM spec impacts from each one respectively.
Reduced UE complexity 
By looking at the objectives for reduced UE complexity, three of the items are related to RRM specs in our view.
· Reduced number of Rx branches
· Supported MIMO layer number
· Half duplex FDD
Regarding reduced number of Rx branches, since NR legacy UE is assumed with support of at least 2 Rx branches in all the bands, all the test cases are configured with the assumption of UE having at least 2 Rx. As long as there is reduced capability UE with only 1 Rx branch implementation introduced, test cases set-ups and configurations need modification to add support for such kind of UE.
	Category
	Item
	RRM impacts
	Comments

	Reduced UE complexity
	Reduced number of Rx branches
	New test setups: antenna configurations
	



Regarding reduced supported DL MIMO layer number, there is also possible impact in certain RRM requirements. For example, for legacy NR UE in Rel-16, MIMO-layer reconfiguration causes interruption on other serving cells than the PCell. Further discussion is needed on this issue.
Regarding HD-FDD operation, a rather large scale of impact is predicted on RRM specs since we experienced the similar work back in Rel-13 and Rel-14 for LTE. Currently as an initial catch on all the related aspects, we try to cover all that’s possible in the below table.
	Category
	Item
	RRM impacts
	Comments

	Reduced UE complexity
	Half-duplex FDD
	General contention resolution aspect: scheduling restrictions
Dedicated RRM measurements: cell detection, measurements, radio link monitoring, beam management
Test applicability for HD-FDD
New test setups: new RMC-s for HD-FDD
	



Extended DRX configuration
Next item which is related is eDRX support of the redcap UE. We have many RRM requirements dedicated for extended DRX configurations in LTE. By examining all eDRX related requirements of LTE and other references we can think of NR, we have the below table. Note that currently discussion is applicable only in IDLE and INAVTIVE modes and details are pending discussion at this early stage of the work item.
	Category
	Item
	RRM impacts
	Comments

	Extended DRX configuration
	Up to 10.24s eDRX cycle
	Cell reselection requirements: serving cell evaluations, cell identification and measurement, reselection criteria and paging interruption
Test applicability for eDRX
New test setups: new eDRX configurations
	

	
	Up to 10000~s eDRX cycle
	New designs are pending discussions
	



RRM measurement relaxations
We have discussed before many kinds of RRM measurement relaxations. Regarding the intended enhancements for redcap, let’s look at the description of the WI objective on this topic in the below box again.
	· RRM relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected, considering the alternatives identified in the RedCap SI:
· Study until RAN#92e, and, if agreed, specify RRM measurement relaxation criteria (where, for RRC_Idle/Inactive the Rel-16 mechanism is the baseline, and for RRC_Connected the mechanism reuses the Rel-16 RRM relaxation criteria from RRC_Idle/Inactive so as to maximize the commonality with Idle/Inactive UEs) [RAN2]
· Enabling/disabling of RRM relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM relaxation.
· After RAN#92e, if agreed in RAN2, specify RRM measurement relaxation [RAN4]
· No RRM relaxations are specified for the serving cell. 


According to the objectives, RAN2 is responsible for designing RRM relaxation for neighbour cells in the coming meetings. From RAN4 perspective, we can initially predict that at least in the below aspects we need to specify accordingly RRM requirements for the potential operations and mechanisms.
	Category
	Item
	RRM impacts
	Comments

	Relaxed RRM neighbour cell measurements
	Idle and inactive modes
	Relaxation of serving cell evaluation
Relaxed monitoring of neighbour cells
	

	
	Connected mode
	Relaxed RLM
Relaxed neighbour cell measurement
	



Summary of RRM impacts
Table of contents
In summary of the discussions in section 2, a consolidated table is shown below to try to initially catch all the predictable RRM impacts from the redcap work item. Future adjustments are subject to RAN1/2 design.
	Category
	Item
	RRM impacts
	Comments

	Reduced UE complexity
	Reduced number of Rx branches
	New test setups: antenna configurations
	

	Reduced UE complexity
	Half-duplex FDD
	General contention resolution aspect: scheduling restrictions
Dedicated RRM measurements: cell detection, measurements, radio link monitoring, beam management
Test applicability for HD-FDD
New test setups: new RMC-s for HD-FDD
	

	Extended DRX configuration
	Up to 10.24s eDRX cycle
	Cell reselection requirements: serving cell evaluations, cell identification and measurement, reselection criteria and paging interruption
Test applicability for eDRX
New test setups: new eDRX configurations
	

	
	Up to 10000~s eDRX cycle
	New designs are pending discussions
	

	Relaxed RRM neighbour cell measurements
	Idle and inactive modes
	Relaxation of serving cell evaluation
Relaxed monitoring of neighbour cells
	

	
	Connected mode
	Relaxed RLM
Relaxed neighbour cell measurement
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