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Introduction
[bookmark: _Hlk47438333]The Work Item (WI) on support of reduced capability (RedCap) NR devices ‎[1] defines the following objective of performance part:
	[bookmark: _Hlk47438345]Specify necessary performance requirements, measurement accuracy requirements and test cases related to the above-mentioned enhancements and core requirements [RAN4].



The WI description [1] lists the enhancements and core requirements developed, which can be summarized into the following groups of features, as outlined in the SI ‎‎[7]:
1. UE complexity reduction features
a) UE bandwidth reduction
b) Reduced number of UE Rx/Tx antennas
c) Relaxed maximum number of MIMO layers
d) Relaxed maximum modulation order
e) Half-duplex FDD operation
f) Relaxed UE processing time
2. UE power saving features
a) Reduced PDCCH monitoring
b) Extended DRX for RRC Inactive and/or Idle
c) RRM relaxation for stationary devices
3. Coverage recovery features
a) Coverage recovery for PUSCH
b) Coverage recovery for PDSCH
c) Coverage recovery for PDCCH
4. Definition and constraining of reduced capability features
5. UE identification and access restrictions features
In this paper, we summarize the motivation, functions, and use-cases of reduced capability NR devices. We examine reduced capability NR devices features and evaluate their potential impact on BS demodulation requirements. 
Based on this analysis, we conclude which and how the performance requirements can be introduced in TS 38.104 ‎[2], 38.141-1 ‎[3], and 38.141-2 ‎[4].

Reduced capability NR devices
The motivation of introducing the support of reduced capability NR devices WI was given in ‎[1] and can be summarized as follows:
· In Rel 15/16 technologies such as enhanced mobile broadband (eMBB), massive machine-type communication (mMTC), and Ultra-Reliable and Low Latency communication (URLLC) support a wide range of IoT use cases. However, in 5G Rel 17, a need for a new category of mid-range use cases has been identified. 
· The new use cases are divided into (Figure ‎2‑1):
· Industrial wireless sensors: Examples of such devices is pressure sensors, humidity sensors, thermometers, motion sensors, accelerometers, actuators, etc. 
· Video surveillance: which is an essential part of the smart city, and smart industries.
· Wearables: Examples of such devices is smart watches, eHealth related devices, personal protection equipment (PPE), and medical monitoring devices for use in public safety applications, etc.
· These devices, or device classes, in the three RedCap use cases need to be connected to 5G radio access and core networks. These classes have different requirements that we have summarized in Table ‎2‑1.
[image: ]
[bookmark: _Ref89348543]Figure ‎2‑1: NR_RedCap use cases 


[bookmark: _Ref89164337]Table ‎2‑1 Summary of requirements for reduced capability NR device use cases
	
	Industrial Wireless Sensor
	Video Surveillance
	Wearables

	Peak bit Rate
	< 2 Mbps UL and DL
	Up to 25 Mbps UL
	Up to 150 Mbps DL 
Up to 50 Mbps UL

	Latency
	< 100 ms (end-to-end),
5–10 ms for safety related sensors
	< 500 ms
	N/A

	Reliability
	99.99% (communication service availability)
	99% - 99.9%
	N/A

	Battery Life
	Few years
	N/A
	Multiple days (up to 1-2 weeks)

	Others
	Device is stationary
Traffic is potentially asymmetric e.g., UL heavy traffic
	Traffic is dominated by UL transmission
	Compact form factor device design may derive in 3 dB antenna efficiency loss for UL and DL




RedCap specification changes relevant to BS demodulation performance
[bookmark: _Hlk44430428]In this section, we evaluate the potential BS demodulation performance differences of features introduced by the NR_RedCap WI, over Rel-15/16 baseline. 
Table ‎3‑2 summarises the UE complexity reduction features defined in the WI and their expected impact to BS demodulation.

[bookmark: _Ref89879140][bookmark: _Ref89879111]Table ‎3‑2: RedCap features and their expected Impact to BS demodulation
	Feature
	Observations / Expected Impact to BS demodulation 

	Reduced maximum UE bandwidth to:
· 20 MHz in FR1
· 100 MHz in FR2
	No impact is expected for now because the existing test cases and minimum BS requirements for PUSCH, PUCCH, and PRACH are covering the reduced maximum RedCap bandwidth. 

	Reduced number of UE Rx/Tx antennas
· In FR1:
· 1Tx-1Rx
· 1Tx-2Rx (optional)
· In FR2: 
· 1Tx-1Rx
· 1Tx-2Rx (optional)
	No impact is seen for now because BS demodulation performance requirements already covers 1Tx. 

	Reduced maximum number of DL MIMO layers
· 1 Rx branch, 1 DL MIMO layer is supported.
· 2 Rx branch, 2 DL MIMO layer is supported.
	No impact / DL feature.

	Relaxed maximum modulation order
FR1: 
· DL: 256-QAM (optional), 64-QAM mandatory​
· UL: 64-QAM
FR2:
· DL: 64-QAM 
· UL: 64-QAM

	No impact from UL modulation since RedCap UEs and non-RedCap UEs has the same supported UL modulation. 

	Half-duplex FDD operation
	No impact because the BS demodulation requirements are FDD/TDD and duplexing agnostic.

	Relaxed UE processing time
	No impact is seen for now

	Reduced PDCCH monitoring
	No impact / DL feature.

	Extended DRX for RRC Inactive and/or Idle
	No impact / DL feature.

	RRM relaxation for stationary devices
	No impact is seen for now

	Coverage enhancement for PUSCH [1]:
“Notes:
· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). ”
	Coverage enhancement feature might impact the BS demodulation performance and it will be discussed and evaluated in a different RAN4 agenda item. 
We think the impact from UL coverage enhancement will be the same for RedCap UEs and non-RedCap UEs. Hence, no impact is seen for now
Please see detailed observations below this table.

	Coverage recovery for PDSCH
Coverage recovery for PDCCH
	No impact / DL feature.

	Definition and constraining of reduced capabilities’ features
     Main RAN1/RAN2 agreements can be summarized as:
· One RedCap UE type to be defined​
· RedCap UE supports only SA mode and single connectivity with operation in a single carrier at a time
· RRM measurement relaxations for neighbouring cells for RedCap
	No impact is seen for now

	UE identification and access restrictions features
     Main RAN1/RAN2 agreements can be summarized as:
· Early identification of RedCap UE possible in Msg1/Msg3/MsgA
· System information to indicate whether a RedCap UE can camp on the cell, can be specific to the number of Rx branches of the UE
· RedCap UE is not expected to operate in a BWP exceeding maximum RedCap UE bandwidth
· PUCCH intra-slot hopping for Msg4/MsgB can be disabled for separate initial UL BWP
	No impact is seen for now



Following Table ‎3‑2, we do not expect BS demodulation performance impact, with the potential exception of the coverage enhancement feature compatibility requirement, highlighted in the WID [1]:
	Notes:
· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). 



It is our understanding that the impact from UL coverage enhancement will be the same for RedCap UEs and non-RedCap UEs. 
From a work organization point of view, it would be beneficial to interact with the NR_cov_enh WI to make sure the requirements there will also be applicable and testable in redcap devices. However, it is not possible for the recap WI to dictate the way forward to the cov_enh WI. It is unclear how to resolve this situation.
[bookmark: _Hlk90040197]If the requirements decided in the cov_enh WI are in line, i.e., are applicable and testable, in redcap devices, then the redcap WI does not have any BS demodulation impact.
RAN4 to decide, if the cov_enh WI can be relied upon to produce applicable and testable BS demodulation performance requirements for the redcap WI. Depending on outcome, it can be required to include BS demodulation on the agenda in future meetings, to follow the coverage enhancement developments.
[bookmark: _Hlk46909131]
Conclusion
In this contribution, we have provided an overview of RedCap-related features and scenarios. We see that there is no potential impact on the BS demodulation performance. We have made the following proposals and observations:

The observations and proposals related to RedCap WI:
1. If the requirements decided in the cov_enh WI are in line, i.e., are applicable and testable, in redcap devices, then the redcap WI does not have any BS demodulation impact.
1. RAN4 to decide, if the cov_enh WI can be relied upon to produce applicable and testable BS demodulation performance requirements for the redcap WI. Depending on outcome, it can be required to include BS demodulation on the agenda in future meetings, to follow the coverage enhancement developments.
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