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Introduction
This contribution provides the topic to be discussed for NES demodulation. The topics are listed as follows:
Topic #1: SSB-less requirements
Topic #2: CSI requirements
Topic #1: SSB-less requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2400420
	Apple
	Observation 1: In inter-band SSB-less operation, the UE is expected to operate with two separate RF chains, hence separate tracking loops and FFT blocks will exist.
Observation 2: Current test proposal relies on a single scenario based on TDLC300-100 channel, which is not a common operating scenario but rather a corner case. In most scenarios it is expected that RTD will be minimal via BS handling this in collocated scenarios.
Observation 3: CA requirements are mostly functional tests set under TDLA30-10. More stringent channel conditions are usually reserved for single-carrier requirements.
Observation 4: Release 19 already considers the SSB on demand based on, at least, cell load as an input parameter, which will dilute any performance concern in Release 18.
Observation 5: There is an argument that there are better TRS estimation algorithms that can be implemented. However, this WI is not about proposing new algorithms for TRS-based estimation. 
Proposal 1: Do not introduce new requirements for CA in SSB-less scenarios.

	R4-2401115
	Samsung
	Proposal 1: Prefer not to introduce new PDSCH demodulation requirements for SSB-less SCell operation.


	R4-2401755
	Ericsson
	Observation 1: CA PDSCH demodulation tests are started after SCell activation procedure is completed according to TS 38.521-4.
Observation 2: RAN4 RRM has specified the SSB-less SCell activation delay requirement for FR1 inter-band SCell in TS 38.133 core part, but not decided whether to define the corresponding test cases.
Proposal 1: RAN4 discuss whether UE demodulation requirements are needed to verify SSB-less SCell operation in inter-band CA, considering that the RRM has introduced SCell activation delay requirements for SSB-less SCell in inter-band CA.

	R4-2402278
	Nokia, Nokia Shanghai Bell
	Observation 1: A demodulator implementation conforming to Rel-15 CA requirements, can be built using SSB and DM-RS TOE/TOC, while the Rel-18 SSB-less Scell CA demodulator implementation needs to use TRS and DM-RS based TOE/TOC to achieve comparable performance.
Observation 1: Using Rel-15 compliant demodulator implementations, with TOE/TOC based on PCell SSB, in Rel-18 SSB-less SCells, results in poor performance; much below acceptable operating points for deployment of the feature.
Furthermore, demodulation success cannot be assumed up to the MRTD and fails out around 0.5CP, which is expected given usual FFTwindow shift targets.
Observation 1: The required TOE capture range for the SSB-less SCell, may be achieved in a demod performance transparent way. However, a Rel-15 requirements compliant implementation does not necessitate such an extended capture range implementation.
Observation 1: For high TO situations the performance of low complexity, slot-based processing, degrades quickly.
Observation 1: For high TO situations the performance of higher complexity, sample buffer-based processing, degrades minorly, until the TOE capture range limit is reached.
Proposal 1: RAN4 shall evaluate the performance of SSB-less SCells CA performance with Rel-15 compliant demodulator implementations and decide, if the observed performance constitutes a practical operating point of the feature, or if new requirements that capture improved demodulator implementations are needed, or if SSB-less SCell compliant UE shall be tested with normal CA requirements.
Proposal 2: RAN4 shall define SSBless SCell PDSCH performance requirements for the case of TO=0.4CP, with fading channel, with TRS configured/sent, but without SSB transmission in the RMC.

	R4-2402279
	Nokia, Nokia Shanghai Bell
	Provide the simulation results

	R4-2402752
	Qualcomm Incorporated
	Observation 1: Existing extensive demod coverage is sufficient to guarantee a reliable processing of UE timing offset processing and tracking;
Proposal 1: RAN4 not to introduce requirements to test TOE in SSB-less SCell.
Observation 2: TRS of the SSB-less SCell is QCL-TypeC with the SSB of the reference PCell, as it is typical between TRS and SSB for the serving cell in demod requirement testing, while this is not the case for legacy CA requirements configurations;
Proposal 2: It is not applicable to use existing CA demodulation requirements for SSB-less SCell demod requirements.
[bookmark: _Hlk149925437]Observation 3: An UE CQI reporting implementation validated in accuracy and linearity according to the existing legacy requirements, is not expected to be impacted by differences in power offset between PDSCH to CSI-RS;
Observation 4: Analogously to the previous observation,  a validated UE PMI reporting implementation is expected to be equally adequate in the case of enabled CSI sub-configurations;
Proposal 3: RAN4 not to introduce new CSI requirements for power and spatial domain adaptation; 


	R4-2401679
	Huawei, HiSilicon
	Proposal 1: Not to introduce the requirements for SSB less for SCell.



Open issues summary.
Sub-topic 1-1 SSB-less requirements

Issue 1-1-1: Whether to introduce new requirements for CA in SSB-less scenario
· Background 
· Following options were made in RAN4 #109 meeting
	Whether to introduce SSB less Scell requirements for inter-band CA
· Way forward
· Option 1: RAN4 shall evaluate the performance of SSB-less SCells CA performance with Rel-15 compliant demodulator implementation (without TRS based TOE) and decide, if the observed performance constitutes a practical operating point of the feature, or if new requirements capturing improved demodulator implementations are needed, or if SSB-less SCell compliant UE shall be tested with normal CA requirements. 
· Option 2: Define the SSB less Scell requirements for inter-band CA by reusing the existing minimum PDSCH CA demodulation requirements with RTD=[0]us
· Apply the same requirements as the minimum CA demodulation requirements, TS38.101-4 5.2A.2.1 for 2Rx UE and 5.2A.3.1 for 4Rx UE.
· Add a new test parameter table for SCell where SSB is not configured:
	Table 5.2A.x.y-1: Additional test parameters for SCell
	Parameter
	Unit
	Value

	Common serving cell parameters
	Physical Cell ID
	
	Same as PSell

	
	SSB position in burst
	
	Not configured

	
	SSB periodicity
	ms
	N/A






· Applicable only for inter-band CA in FR1.
· Option 3: Not to introduce the requirements



· Proposals
· Option 1: RAN4 discuss whether UE demodulation requirements are needed to verify SSB-less SCell operation in inter-band CA, considering that the RRM has introduced SCell activation delay requirements for SSB-less SCell in inter-band CA. (Ericsson)
· Option 2: RAN4 shall define SSBless SCell PDSCH performance requirements for the case of TO=0.4CP, with fading channel, with TRS configured/sent, but without SSB transmission in the RMC. (Nokia)
· Option 3: RAN4 shall evaluate the performance of SSB-less SCells CA performance with Rel-15 compliant demodulator implementations and decide, if the observed performance constitutes a practical operating point of the feature, or if new requirements that capture improved demodulator implementations are needed, or if SSB-less SCell compliant UE shall be tested with normal CA requirements.(Nokia)
· Option 4: No (Apple, Huawei, Samsung, Qualcomm)
· Recommended WF
· TBA

Topic #2: CSI requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2400420
	Apple
	Proposal 2: Do not introduce new CSI requirements for NES.
Proposal 3: Do not specify new tests intended to new power offset values adaptation, since this does not meaningfully impact UE internal signal processing.

	R4-2401115
	Samsung
	Proposal 2: Prefer not to introduce new CSI requirements for power/spatial domain adaption.

	R4-2401755
	Ericsson
	Proposal 2: Not define CSI reporting requirements for spatial and power domain adaptation.

	R4-2402278
	Nokia, Nokia Shanghai Bell
	Proposal 3: RAN4 shall not introduce CSI requirements for spatial and power domain techniques.

	R4-2401679
	Huawei, HiSilicon
	Proposal 2: Use following test setup for power domain adaptation test as start point with simulation assumption in Table 2-1.
	The general proposed test setup is defined as follows:
Set two PDSCH to CSI-RS power offsets, each of which corresponds to one sub-configuration (denoted as offset1 and offset2).
For case with N=1, use A-CSI reporting, TE triggers two sub-configurations alternatively with SNR(defined as ratio of  CSI-RS power to noise) and collects reported CQI (denoted as  CQI1 and CQI2) and calculates median CQI for each sub-configuration respectively.(denoted as median CQI1 and median CQI2)_
For case with N=2, use P-CSI reporting or A-CSI reporting. TE triggers two sub-configurations simultaneously with SNR(defined as ratio of  CSI-RS power to noise) and collects reported CQI (denoted as CQI1 and CQI2) and calculate median CQI respectively for sub-configuration. (denoted as median CQI1 and median CQI2)_
TE transmits PDSCH with two different SNR: SNR+offset1 and  SNR+offset2, following test metrics are defined:
	a)	The reported CQI1 value according to the reference channel shall be in the range of ±1 of the reported median CQI1 more than 90% of the time.
b)	If the PDSCH BLER using the transport format indicated by median CQI1 is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI1+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI1 is greater than 0.1, then the BLER using transport format indicated by (median CQI1-1) shall be less than or equal to 0.1.
c)	The reported CQI2 value according to the reference channel shall be in the range of ±1 of the reported median CQI2 more than 90% of the time.
d)	If the PDSCH BLER using the transport format indicated by median CQI2 is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI2+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI2 is greater than 0.1, then the BLER using transport format indicated by (median CQI2-1) shall be less than or equal to 0.1.






Proposal 3: Use following test setup for spatial domain adaptation test as start point with simulation assumption in Table 2-2.
	For test setup of follow PMI case:
For case with N=1, use A-CSI reporting, TE triggers two CSI report sub-configurations and apply the reported CSI alternatively. 
For case with N=2, use P-CSI reporting or A-CSI reporting, TE triggers two CSI report two sub-configurations simultaneously and apply the reported CSI alternatively. 
For test setup of random PMI case:
Type 1 spatial domain pattern: TE selects PMI randomly from the union of two codebook corresponding to two spatial patterns. 
Then legacy test metric can be reused: 






Open issues summary
Sub-topic 2-1 Power domain adaption requirements
Issue 2-1-1: Whether to introduce power domain adaption requirements
· Proposals
· Option 1: Yes (Huawei)
· Option 2: No (Apple, Samsung, Ericsson, Nokia)
· Recommended WF
· TBA

Issue 2-1-2: Simulation assumptions for power domain adaption requirements(if agreed) 
· Proposals
· Option 1: Use following simulation assumptions and test procedure: (Huawei)
	Propagation channel
	
	AWGN

	Antenna configuration
	
	2×2 with static channel specified in Annex B.1

	CSI-ReportSubConfig
	Sub-config1 
	
	PowerOffset: 0dB
nzp-CSI-RS-ResourceList-r18: Not configured 
portSubsetIndicator-r18: Not configured

	
	Sub-config2
	
	PowerOffset: [3]dB
nzp-CSI-RS-ResourceList-r18: Not configured 
portSubsetIndicator-r18: Not configured

	Others
	Reuse Rel-15 CQI test under AWGN conditions



	The general proposed test setup is defined as follows:
Set two PDSCH to CSI-RS power offsets, each of which corresponds to one sub-configuration (denoted as offset1 and offset2).
For case with N=1, use A-CSI reporting, TE triggers two sub-configurations alternatively with SNR(defined as ratio of  CSI-RS power to noise) and collects reported CQI (denoted as  CQI1 and CQI2) and calculates median CQI for each sub-configuration respectively.(denoted as median CQI1 and median CQI2)_
For case with N=2, use P-CSI reporting or A-CSI reporting. TE triggers two sub-configurations simultaneously with SNR(defined as ratio of  CSI-RS power to noise) and collects reported CQI (denoted as CQI1 and CQI2) and calculate median CQI respectively for sub-configuration. (denoted as median CQI1 and median CQI2)_
TE transmits PDSCH with two different SNR: SNR+offset1 and  SNR+offset2, following test metrics are defined:
	a)	The reported CQI1 value according to the reference channel shall be in the range of ±1 of the reported median CQI1 more than 90% of the time.
b)	If the PDSCH BLER using the transport format indicated by median CQI1 is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI1+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI1 is greater than 0.1, then the BLER using transport format indicated by (median CQI1-1) shall be less than or equal to 0.1.
c)	The reported CQI2 value according to the reference channel shall be in the range of ±1 of the reported median CQI2 more than 90% of the time.
d)	If the PDSCH BLER using the transport format indicated by median CQI2 is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI2+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI2 is greater than 0.1, then the BLER using transport format indicated by (median CQI2-1) shall be less than or equal to 0.1.






· Recommended WF
· Postpone the discussion until Issue 2-1-1 is finalized


Sub-topic 2-2 Type1 spatial domain adaption requirments
Issue 2-2-1: Whether to introduce type1 spatial domain adaption requirements
· Proposals
· Option 1: Yes (Huawei)
· Option 2: No (Apple, Samsung, Ericsson, Nokia, QC)
· Recommended WF
· TBA

Issue 2-2-2: Simulation assumptions for type1 spatial domain adaption requirements(if agreed) 
· Proposals
· Option 1: Use following simulation assumptions and test procedure: (Huawei)
	CSI-ReportSubConfig
	Sub-config1 
	
	PowerOffset: Not configured
nzp-CSI-RS-ResourceList-r18: Not configured 
portSubsetIndicator-r18:0x 11111111

	
	Sub-config2
	
	PowerOffset: Not configured
nzp-CSI-RS-ResourceList-r18: Not configured 
portSubsetIndicator-r18: 10101010

	Others
	Reuse Rel-15 8Tx PMI test



	For test setup of follow PMI case:
For case with N=1, use A-CSI reporting, TE triggers two CSI report sub-configurations and apply the reported CSI alternatively. 
For case with N=2, use P-CSI reporting or A-CSI reporting, TE triggers two CSI report two sub-configurations simultaneously and apply the reported CSI alternatively. 
For test setup of random PMI case:
Type 1 spatial domain pattern: TE selects PMI randomly from the union of two codebook corresponding to two spatial patterns. 
Then legacy test metric can be reused: 



· Recommended WF
· Postpone the discussion until Issue 2-2-1 is finalized


Sub-topic 2-3 Type2 spatial domain adaption requirments
Issue 2-3-1: Whether to introduce type2 spatial domain adaption requirements
· Proposals
· Option 1: No (Apple, Samsung, Ericsson, Nokia, Huawei, QC)
· Recommended WF
· Confirm Option1
Recommendation for Tdocs
	T-doc number
	Suggested status
	Comments

	R4-2400420
	Noted
	

	R4-2401115
	Noted
	

	R4-2401755
	Noted
	

	R4-2402278
	Noted
	

	R4-2402279
	Noted
	

	R4-2402752
	Noted
	

	R4-2401679
	Noted
	







