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1 Introduction
The work item on enhanced support for reduced capability NR devices (eRedCap) has progressed and the core requirement part was finalized in RAN4. Thus, demodulation performance requirements for UE from eRedCap need to be discussed in RAN4, whilst no impact to BS demodulation requirements from eRedCap is foreseen. Both core and performance objectives of the WID [1] are replicated below. 
	4.1	Objective of Core part WI
The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· Support additional separate early indication(s) [RAN1, RAN2]
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#99 regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone



	4.2	Objective of Performance part WI
Specify necessary performance requirements, measurement accuracy requirements and test cases related to the above-mentioned enhancements and core requirements [RAN4].



In this contribution, we provide our view on the impact to UE demodulation performance requirements due to introduction of eRedCap. 
2 Discussion
[bookmark: _Hlk158136976]In this section we discuss the impact from eRedCap to UE demodulation performance requirements and to CSI reporting requirements for the different eRedCap support levels and device types.
2.1 eRedCap support levels
Two support levels for eRedCap devices need to be distinguished:
· Support level 1: Rel-18 eRedCap device does not support Rel-17 RedCap
· Support level 2: Rel-18 eRedCap device also supports Rel-17 RedCap
Following proposal is made:
RAN4 to consider the impact to UE demodulation performance requirements and CSI reporting requirements for both eRedCap support levels:
· Support level 1: Rel-18 eRedCap device does not support Rel-17 RedCap
· Support level 2: Rel-18 eRedCap device also supports Rel-17 RedCap
For both support levels, the impact analysis is carried out below.
2.2 Impact to UE demodulation requirements 
As the WID specifies that both UE BB bandwidth reduction to 5 MHz and UE peak data rate reduction will only be applied to data channel, i.e. PDSCH, only PDSCH requirements and Sustained Data Rate requirements need to be assessed here in greater detail. 
2.2.1	PDCCH and PBCH demodulation requirements
In case of other channels (PDCCH and PBCH), Rel-18 eRedCap UE needs to fulfill the UE demodulation requirements for Rel-17 RedCap devices in FR1 as specified in 38.101-4. Table 1 provides the summary of Rel-17 RedCap PDCCH and PBCH demodulation requirements applicable to Rel-18 eRedCap device.
[bookmark: _Hlk158193939]Table 1: Applicability of Rel-17 RedCap PDCCH and PBCH demodulation requirements to Rel-18 eRedCap 
	UE device type
	UE demodulation performance requirements

	1 Rx

	PDCCH with aggregation level 8 for FDD/HD-FDD in 10 MHz and aggregation level 4 for TDD in 20 MHz in FR1 (clause 5.3.1)

	
	PBCH for FDD in 10 MHz and for TDD in 20 MHz in FR1 (clause 5.4.1)

	2 Rx

	PDCCH with aggregation level 4 and 8 for FDD in 10 MHz and aggregation level 4 and 8 for TDD in 20 MHz in FR1 (clause 5.3.2)

	
	PBCH for FDD in 10 MHz and for TDD in 20 MHz in FR1 (clause 5.4.2) 



Thus, for the above defined Support level 1 eRedCap device, the above requirements apply, whilst for Support level 2 eRedCap device, the requirements need not be verified, as already being verified for Rel-17 RedCap. 
Following proposal is made:
RAN4 to agree that PDCCH and PBCH demodulation requirements for Rel-17 RedCap are reused for Rel-18 eRedCap. 
2.2.2	PDSCH demodulation requirements
For PDSCH demodulation requirements, Rel-18 eRedCap UEs operate in different way compared to Rel-17 UE. 
· eRedCap type A (FG 48-1): UE with BB BW reduction (UE not supporting eRedCapNotReducedBB-BW-r18). It operates unicast PDSCH based on BB BW reduction to 25 PRBs for SCS=15kHz or based on BB BW reduction to 12 PRBs for SCS=30kHz, respectively. The number of PRBs correspond to an effective bandwidth of 5 MHz but need not to be allocated contiguously in the 20 MHz RF bandwidth in FR1. 
· eRedCap type B (FG 48-2): UE with PR reduction (UE supporting eRedCapNotReducedBB-BW-r18). It operates unicast PDSCH with SCS=15 kHz or SCS=30 kHz, respectively, based on peak data rate reduction to 10 Mbit/s in the 20 MHz RF bandwidth in FR1. 
It is noted that new FRCs for eRedCap have been introduced for both types at RAN4 #109 as part of the eRedCap RF requirements [2].
For eRedCap type A, only the number of allocated PRBs matters, i.e. PDSCH requirements for 25 PRBs/15 kHz and 12 PRBs/30 kHz need to be verified. The impact to PDSCH demodulation requirements for FDD/HD-FDD and TDD is depicted in Table 2 and Table 3, respectively. 
Table 2: Impact to PDSCH demodulation requirements for eRedCap type A device for FDD/HD-FDD (FR1).
	Modulation / SCS
	FRC PRB allocation [2]
	FRC status for eRedCap in 38.101-1 [2]
	Need for new reference measurement channel in 38.101-4 
	Need for new PDSCH reference value in 38.101-4

	QPSK, 15kHz
	25 RBs in 5,10,15,20 MHz
	Reuse existing FRC for 5 MHz
(target coding rate: 1/3)
	Yes 
(using 25 RBs and target coding rate: 1/3, existing R.PDSCH.1-1.1 FDD: 0.30)
	Yes 
1 Rx: cl. 5.2.1.1.1
2 Rx: cl. 5.2.2.1.17

	QPSK, 30kHz
	12 RBs in 10,15,20 MHz
	New FRC defined
(target coding rate: 1/3)
	N/A
	N/A

	64QAM, 15kHz
	20 RBs in 5,10,15,20 MHz
	New FRC defined
(target coding rate 3/4)
	Yes 
(using 20 RBs and target coding rate: 3/4, existing
R.PDSCH.1-3.1 FDD / R.PDSCH.1-3.5 FDD: 0.51)
	Yes 
1 Rx: cl. 5.2.1.1.1
2 Rx: cl. 5.2.2.1.17

	64QAM, 30kHz
	10 RBs in 10,15,20 MHz
	New FRC defined
(target coding rate: 3/4)
	N/A
	N/A

	256QAM, 15kHz
	15 RBs in 5,10,15,20 MHz
	Reuse existing FRC for 3 MHz
(target coding rate: 4/5)
	Yes 
(using 15 RBs and target coding rate: 4/5, existing R.PDSCH.1-4.1 FDD: 0.82 / R.PDSCH.1-4.2 FDD: 0.67)
	Yes 
1 Rx: cl. 5.2.1.1.1
2 Rx: cl. 5.2.2.1.17

	256QAM, 30kHz
	7 RBs in 10,15,20 MHz
	New FRC defined
(target coding rate: 4/5)
	N/A
	N/A



Table 3: Impact to PDSCH demodulation requirements for type eRedCap A device for TDD (FR1).
	Modulation / SCS
	FRC PRB allocation 
	FRC status for eRedCap in 38.101-1
	Need for new reference measurement channel in 38.101-4 
	Need for new PDSCH reference value in 38.101-4

	QPSK, 15kHz
	25 RBs in 5,10,15,20 MHz
	Reuse existing FRC for 5 MHz
(target coding rate: 1/3)
	N/A
	N/A

	QPSK, 30kHz
	12 RBs in 10,15,20 MHz
	New FRC defined
(target coding rate: 1/3)
	Yes 
(using 12 RBs and target coding rate: 1/3, existing R.PDSCH.2-1.5 TDD: 0.30)
	Yes 
1 Rx: cl. 5.2.1.2.1
2 Rx: cl. 5.2.2.2.18

	64QAM, 15kHz
	20 RBs in 5,10,15,20 MHz
	New FRC defined
(target coding rate 3/4)
	N/A
	N/A

	64QAM, 30kHz
	10 RBs in 10,15,20 MHz
	New FRC defined
(target coding rate: 3/4)
	Yes 
(using 10 RBs and target coding rate: 3/4, existing R.PDSCH.2-3.5 TDD / R.PDSCH.2-27.1 TDD: 0.51)
	Yes 
1 Rx: cl. 5.2.1.2.1
2 Rx: cl. 5.2.2.2.18

	256QAM, 15kHz
	15 RBs in 5,10,15,20 MHz
	New FRC defined
(target coding rate: 4/5)
	N/A
	N/A

	256QAM, 30kHz
	7 RBs in 10,15,20 MHz
	New FRC defined
(target coding rate: 4/5)
	Yes 
(using 7 RBs and target coding rate: 4/5, existing R.PDSCH.2-4.2 TDD: 0.82 / R.PDSCH.2-4.3 TDD: 0.67)
	Yes 
1 Rx: cl. 5.2.1.2.1
2 Rx: cl. 5.2.2.2.18


For eRedCap type B, Rel-17 RedCap PDSCH requirements can be reused for a peak data rate below 10 Mbit/s. The impact to PDSCH demodulation requirements for FDD/HD-FDD and TDD is depicted in Table 4 and Table 5, respectively.
Table 4: Impact to PDSCH demodulation requirements for eRedCap type B device for FDD/HD-FDD (FR1).
	Modulation / SCS
	FRC PRB allocation 
	FRC status for eRedCap in 38.101-1
	Need for new reference measurement channel in 38.101-4 
	Need for new PDSCH reference value in 38.101-4

	QPSK, 15kHz
	up to 20 MHz with 106 RBs
	Reuse existing FRCs for 5, 10,15, 20 MHz
(target coding rate: 1/3)
	No 
(reuse Rel-17 RedCap RMC with 52 RBs)
	No 
(same as for Rel-17 
1Rx / 2Rx Redcap)

	QPSK, 30kHz
	up to 20 MHz with 51 RBs
	Reuse existing FRCs for 5, 10,15, 20 MHz
(target coding rate: 1/3)
	N/A
	N/A

	64QAM, 15kHz
	20 RBs in 5,10,15,20 MHz
	New FRC defined
(target coding rate: 3/4)
	Yes 
(using 20 RBs and target coding rate: 3/4, existing
R.PDSCH.1-3.1 FDD /
R.PDSCH.1-3.5 FDD: 0.51)
	Yes 
1 Rx: cl. 5.2.1.1.1
2 Rx: cl. 5.2.2.1.17

	64QAM, 30kHz
	10 RBs in 10,15,20 MHz
	New FRC defined
(target coding rate: 3/4)
	N/A
	N/A

	256QAM, 15kHz
	15 RBs in 5,10,15,20 MHz
	Reuse existing FRC for 3 MHz
(target coding rate: 4/5)
	Yes 
(using 15 RBs and target coding rate: 4/5, existing R.PDSCH.1-4.1 FDD: 0.82 / R.PDSCH.1-4.2 FDD: 0.67)
	Yes 
1 Rx: cl. 5.2.1.1.1
2 Rx: cl. 5.2.2.1.17

	256QAM, 30kHz
	7 RBs in 10,15,20 MHz
	New FRC defined
(target coding rate: 4/5)
	N/A
	N/A



Table 5: Impact to PDSCH demodulation requirements for eRedCap type B device for TDD (FR1).
	Modulation / SCS
	FRC PRB allocation 
	FRC status for eRedCap in 38.101-1
	Need for new reference measurement channel in 38.101-4 
	Need for new PDSCH reference value in 38.101-4

	QPSK, 15kHz
	up to 20 MHz with 106 RBs
	Reuse existing FRCs for 5, 10,15, 20 MHz
(target coding rate: 1/3)
	N/A
	N/A

	QPSK, 30kHz
	up to 20 MHz with 51 RBs
	Reuse existing FRCs for 5, 10,15, 20 MHz
(target coding rate: 1/3)
	No
(reuse Rel-17 RedCap RMC with 51 RBs)
	No 
(same as for Rel-17 
1Rx / 2Rx Redcap)

	64QAM, 15kHz
	20 RBs in 5,10,15,20 MHz
	New FRC defined
(target coding rate: 3/4)
	N/A
	N/A

	64QAM, 30kHz
	10 RBs in 10,15,20 MHz
	New FRC defined
(target coding rate: 3/4)
	Yes 
(using 10 RBs and target coding rate: 3/4, existing R.PDSCH.2-3.5 TDD: 0.51)
	Yes 
1 Rx: cl. 5.2.1.2.1
2 Rx: cl. 5.2.2.2.18

	256QAM, 15kHz
	15 RBs in 5,10,15,20 MHz
	New FRC defined
(target coding rate: 4/5)
	N/A
	N/A

	256QAM, 30kHz
	7 RBs in 10,15,20 MHz
	New FRC defined
(target coding rate: 4/5)
	Yes 
(using 7 RBs and target coding rate: 4/5, existing R.PDSCH.2-4.3 TDD: 0.67)
	Yes 
1 Rx: cl. 5.2.1.2.1
2 Rx: cl. 5.2.2.2.18


For the highlighted configurations for FDD/HD-FDD and TDD, a new reference measurement channel is needed for eRedCap, since the number of PRBs, specified for Rel-17 RedCap, is not supported. We thus propose to align the RMC configurations to the new FRCs specified for eRedCap [2].
It is obvious that for eRedCap support level 1, new PDSCH demodulation requirements are needed. Thus, RAN4 needs to agree the specification of new PDSCH demodulation requirements as described above.
Following proposal is made:
RAN4 to specify following new PDSCH demodulation requirements for eRedCap 1 Rx and 2 Rx for eRedCap support level 1:
· [bookmark: _Hlk158224697]with BB BW+PR reduction (type A): QPSK, 64QAM and 256QAM for FDD/HD-FDD and for TDD
· with PR reduction (type B): 64QAM and 256QAM for FDD/HD-FDD and for TDD
Thereagainst, for eRedCap support level 2, it can be discussed which PDSCH demodulation requirements need to be verified, since several configurations are already verified for RedCap. For instance, to reduce the testing effort, the verification of QPSK performance in the supported duplex mode could be mandated for such eRedCap device in addition to verifying Rel-17 RedCap UE demodulation requirements. 
Following proposal is made.
RAN4 to discuss whether the verification of QPSK performance requirements in the supported duplex mode could be set as minimum PDSCH requirements for eRedCap support level 2 in addition to verifying Rel-17 RedCap UE demodulation requirements. 
2.2.3	SDR requirements
In case of Sustained Data Rate requirements, current requirements for 1 Rx and 2 Rx RedCap UEs are summarized in Table 6.
Table 6: Rel-17 RedCap UE SDR requirements
	UE device type
	UE demodulation performance requirements

	1 Rx
	SDR performance requirements in FR1 (clause 5.5.1)

	2 Rx
	SDR performance requirements in FR1 (clause 5.5.1)


SDR requirements in TS 38.101-4 assume a PDSCH configuration with static PRB bundling with PRB bundling size set to “wideband”, i.e. the test is performed with contiguous PRBs in the transmit BW, as replicated in Table 7 below.
Table 7: Extract of TS 38.101-4 Table 5.5A-1: Common test parameters for FDD and TDD component carriers (used for SDR performance requirements)
	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	wideband

	
	Resource allocation type
	
	Type 0

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A


However, for eRedCap the PRBs may be allocated in non-contiguous manner. Thus, RAN4 needs to decide if the PRB bundling parameters for eRedCap should be set as for Rel-17 RedCap (i.e. in contiguous in BW) or other PRB bundling sizes should be selected (i.e. 2 or 4 in case of static PRB bundling). Only requirements for eRedCap support level 1 should be specified.
Following proposal is made.
RAN4 to decide if PRB bundling parameters for the SDR performance requirement should be set same for eRedCap support level 1 as for RedCap and same settings as for RedCap apply with selected eRedCap FRC.
2.3 Impact to UE CSI reporting requirements 
CSI requirements for Rel-17 RedCap apply for 10 MHz (FDD/HD-FDD) and 20 MHz (TDD). Table 8 summarizes the applicability of CSI requirements for Rel-17 RedCap. 
Table 8: Replication of TS 38.101-4 Table 6.1.1.6-1: Requirements applicability for RedCap
	UE capability
	Test type
	Test list
	Applicability notes

	RedCap with 1RX
	FR1 FDD and HD-FDD (Note 1)
	CQI
	All tests in Clause 6.2.1.1.1.1
All tests in Clause 6.2.1.1.2.1
	

	
	
	PMI
	All tests in Clause 6.3.1.1.1
	

	
	FR1 TDD
	CQI
	All tests in Clause 6.2.1.2.1.1
All tests in Clause 6.2.1.2.2.1
	

	
	
	PMI
	All tests in Clause 6.3.1.2.1
	

	RedCap with 2RX
	FR1 FDD and HD-FDD (Note 1)
	CQI
	All tests in Clause 6.2.2.1.1.4
All tests in Clause 6.2.2.1.2.4
	

	
	
	PMI
	Clause 6.3.2.1.1 (Test 1)
	

	
	
	RI
	Clause 6.4.2.1.1 (Test 1)
	

	
	FR1 TDD
	CQI
	All tests in Clause 6.2.2.2.1.5
All tests in Clause 6.2.2.2.2.4
	

	
	
	PMI
	Clause 6.3.2.2.7 (Test 1)
	

	
	
	RI
	Clause 6.4.2.2.1 (Test 1)
	

	Note 1:	If UE support only HD-FDD in a FDD band, this UE is tested with HD-FDD mode otherwise UE is tested with full-duplex FDD mode


CSI reporting requirements encompass CQI, PMI and RI requirements. For instance, for CQI requirements for Rel-17 RedCap, the following PDSCH configurations were specified in TS 38.101-4, as depicted in Table 9.
Table 9: PDSCH configurations for CQI requirements for Rel-17 RedCap 
	RedCap UE
	Radio channel condition
	Duplex mode
	PDSCH configuration

	1 Rx
	AWGN
	FDD / HD-FDD
	TBS.1-3 (52 PRBs, 1 MIMO layer)

	
	AWGN
	TDD
	TBS.1-5 (51 PRBs, 1 MIMO layer)

	
	fading channel
	FDD / HD-FDD
	TBS.1-3 (52 PRBs, 1 MIMO layer

	
	fading channel
	TDD
	TBS.1-5 (51 PRBs, 1 MIMO layer)

	2 Rx
	AWGN
	FDD / HD-FDD
	TBS.1-4 (52 PRBs, 2 MIMO layers)

	
	AWGN
	TDD
	TBS 1.6 (51 PRBs, 2 MIMO layers)

	
	fading channel
	FDD / HD-FDD
	TBS.1-3 (52 PRBs, 1 MIMO layer)

	
	fading channel
	TDD
	TBS.1-5 (51 PRBs, 1 MIMO layer)


Thus, it is obvious that eRedCap UE CQI requirements (and moreover CSI requirements) cannot reuse Rel-17 RedCap requirements but need to adjust at least the reference measurement channel to be 25 PRBs for SCS=15 kHz and 12 PRBs for SCS=30 kHz, respectively. This applies for eRedCap support level 1.
Following proposal is made.
RAN4 to specify following new CSI reporting requirements for eRedCap 1 Rx and 2 Rx for eRedCap support level 1: 
· CQI, PMI and RI requirements for FDD/HD-FDD and for TDD.
For eRedCap support level 2, only a minimum set of requirements for CSI reporting should be specified or the same set of requirements as for eRedCap support level 1.
Following proposal is made.
RAN4 to decide for eRedCap support level 2 whether to specify only a minimum set of requirements for CSI reporting or the same set of requirements as for eRedCap support level 1.
3 Conclusion
In this document, our view on the impact to UE demodulation performance requirements due to introduction of eRedCap is provided.
The following proposals are made:
1. RAN4 to consider the impact to UE demodulation performance requirements and CSI reporting requirements for both eRedCap support levels:
· Support level 1: Rel-18 eRedCap device does not support Rel-17 RedCap
· Support level 2: Rel-18 eRedCap device also supports Rel-17 RedCap 
RAN4 to agree that PDCCH and PBCH demodulation requirements for Rel-17 RedCap are reused for Rel-18 eRedCap. 
RAN4 to specify following new PDSCH demodulation requirements for eRedCap 1 Rx and 2 Rx for eRedCap support level 1:
· with BB BW+PR reduction (type A): QPSK, 64QAM and 256QAM for FDD/HD-FDD and for TDD
· with PR reduction (type B): 64QAM and 256QAM for FDD/HD-FDD and for TDD
RAN4 to discuss whether the verification of QPSK performance requirements in the supported duplex mode could be set as minimum PDSCH requirements for eRedCap support level 2 in addition to verifying Rel-17 RedCap UE demodulation requirements. 
RAN4 to decide if PRB bundling parameters for the SDR performance requirement should be set same for eRedCap support level 1 as for RedCap and same settings as for RedCap apply with selected eRedCap FRC.
RAN4 to specify following new CSI reporting requirements for eRedCap 1 Rx and 2 Rx for eRedCap support level 1: 
· CQI, PMI and RI requirements for FDD/HD-FDD and for TDD.
RAN4 to decide for eRedCap support level 2 whether to specify only a minimum set of requirements for CSI reporting or the same set of requirements as for eRedCap support level 1.
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