[bookmark: Title][bookmark: DocumentFor][bookmark: _Toc193024528][bookmark: OLE_LINK23][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 109	R4-2320196
Chicago, U.S, Nov.13rd – Nov.17th, 2023


[bookmark: OLE_LINK25]Title: 	Discussions on demodulation and CSI requirements for NES
Source: 	Huawei, HiSilicon
Agenda item:	8.34.5
Document for:	Discussion
Background
In last meeting, a WF on demodulation and CSI requirements for NES was agreed. In this contribution we provide our views on the open issues.
Discussions
General views
SSB less Scell operation
One issue is whether to define new requirements for SSB-less Scell operation. We made following options:
	Whether to define new requirements for SSB-less Scell operation 
· Proposals
· Option 1: Yes, RAN4 shall define demodulation minimum performance requirements for SSB-less SCell operation for inter-band CA for FR1 and co-located cells.
· Option 2: No
Test setup for SSB-less Scell operation (If option1 is agreed in issue 2-1-1)
· Proposals
· Option 1: RAN4 shall configure a PCell cell with SSB and TRS, and an SCell with only TRS (i.e., two RMCs are needed at the same time). A time offset, close to the CP length, shall be applied between PCell and SCell. Demodulation performance shall be measured on the SCell only. 
· Other options are not precluded


The performance of SSB less Scell has been guaranteed by the RRM agreement “Performance requirements (RRM and/or demodulation) need to be introduced for the scenario with RTD ≤ CP to guarantee proper performance on the Scell”. We don’t see performance impact due to the synchronization problem. Some companies commented that there are some TRS time/frequency tracking problems due to the large capture range, we understand it highly depends on internal implementation and it can’t be concluded that it will definitely exist in all UEs. RAN4 always define the CA requirements by running simulations per CC independently and never modelled cross band synchronization. Furthermore, large capture range may only impact the performance for limited number of slots and doesn't impact the average performance. Hence we propose to not define new requirements for SSB-less Scell operation. 
Proposal 1: Don’t define new requirements for SSB-less Scell operation.

Power domain adaption 
One issue is whether to define CSI requirements for power domain techniques. We have made following options:
	Whether to define CSI requirements for power domain techniques
· Proposals
· Option 1: Yes, RAN4 to define CQI requirements with AWGN channel 
· Option 2: No 


This new objective specifies that one CSI report configuration contains multiple sub-configurations where each sub-configuration contains a PDSCH to CSI-RS EPRE offset that is commonly applied to all the resources within the resource set. Please the following:
	ReportConfigure 
{
Sub-configure 1: Power offset 1 applies to all CSI-RS resources in CSI-RS resource set #M for channel measurement
Sub-configure 2: Power offset 2 applies to all CSI-RS resources in CSI-RS resource set #M for channel measurement
…
Sub-configure L: Power offset N applies to all CSI-RS resources in CSI-RS resource set #M for channel measurement
}


Legacy CQI tests only have one PDSCH to CSI-RS EPTE offset, which means only one CPU is occupied for CQI calculation. Reporting multiple CSIs in one CSI report is supported for this new feature meaning that multiple CPUs are needed. Therefore we see there is higher requirement for CPU capacity when N=2 is configured compared to legacy CQI test.
Observation 1: When N=2 (N refer to number of CSIs to be reported in one CSI report occasion) is configured, 2 CPUs are occupied, meaning that higher CPU capacity is required compared to legacy CQI test with only one CPU occupied.
UE doesn’t need to perform CSI calculation for each sub-configuration iteratively, for example, UE can calculate CQI for first power offset and derive the CQI for the second power offset directly by mapping the changed SINR to CQI. This is a new UE baseband behaviour needing additional complexity.
Observation 2: The potential new UE behaviour is that UE can calculate CQI for first power offset and derive the CQI for the second power offset directly by mapping the changed SINR to CQI.
We think it's necessary to define CQI test under AWGN to check CQI performance with multiple CPUs and if UE can calculate CQI for each power offset correctly. 
Proposal 2: Define CQI test under AWGN for power domain adaptation to check CQI performance with multiple CPUs and if UE can calculate CQI for each power offset correctly. 

Spatial domain adaption 
Similar views as power domain adaption, legacy PMI tests are defined with one CPU occupied and one CSI-RS resource. We think it's necessary to define PMI test with multiple CPUs or CSI resources and check if UE can calculate PMI for each sub-configuration correctly. 
Observation 3: When N=2 (N refer to number of CSIs to be reported in one CSI report occasion) is configured, 2 CPUs are occupied, meaning that higher CPU capacity is required compared to legacy PMI test with only one CPU occupied and one CSI-RS configured.
As denoted in [1], PMIs between different spatial domain patterns are highly correlated, UE can utilize this character to simplify the PMI derivation for all spatial domain patterns. Therefore, we think there are some behaviour difference compared to legacy PMI test.
Observation 4: The potential new UE behaviour is that UE can utilize the character that PMIs between different spatial domain patterns are highly correlated to simplify the PMI derivation for all spatial domain patterns.
Proposal 3: Define PMI test for spatial domain adaptation to check PMI performance with multiple CPUs and if UE can calculate PMI for each spatial pattern correctly. 

0. Test setup
We propose to only consider Type 1 single panel codebook and two sub-configurations to simplify the test, i.e. L=2.
Power domain adaption
The general proposed test setup is defined as follows:
Set two CSI-RS to PDSCH 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 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 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 power, each of which is derived by CSI-RS to PDSCH power offset specified in sub-configuration with assumption of fixed power of CSI-RS and 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 4: Use following test setup for power domain adaptation test as start point.
	Set two CSI-RS to PDSCH 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 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 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 power, each of which is derived by CSI-RS to PDSCH power offset specified in sub-configuration with assumption of fixed power of CSI-RS and 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.







Spatial domain adaption
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. Please see the following:
[image: ]
Figure 2-1:  Example of test procedure for N=1
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. Please see the following:
[image: ]
Figure 2-2:  Example of test procedure for N=2
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. 
Type 2 spatial domain pattern: TE selects PMI randomly from the codebook per slot per PRG.
Then legacy test metric can be reused: 
Proposal 5: Use following test setup for spatial domain adaptation test as start point.
	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. 
Type 2 spatial domain pattern: TE selects PMI randomly from the codebook per slot per PRG.
Then legacy test metric can be reused: 



Conclusion
In this contribution we provide our views on remaining issues on demodulation and CSI requirements for NES. The observations and proposals are:
Proposal 1: Don’t define new requirements for SSB-less Scell operation.
Observation 1: When N=2 (N refer to number of CSIs to be reported in one CSI report occasion) is configured, 2 CPUs are occupied, resulting in higher CPU capacity is required compared to legacy CQI test with only one CPU occupied.
Observation 2: The potential new UE behaviour is that UE can calculate CQI for first power offset and derive the CQI for the second power offset directly by mapping the changed SINR to CQI.
Proposal 2: Define CQI test under AWGN for power domain adaptation to check CQI performance with multiple CPUs and if UE can calculate CQI for each power offset correctly. 
Observation 3: When N=2 (N refer to number of CSIs to be reported in one CSI report occasion) is configured, 2 CPUs are occupied, resulting in higher CPU capacity is required compared to legacy PMI test with only one CPU occupied and one CSI-RS configured.
Observation 4: The potential new UE behaviour is that UE can utilize the character that PMIs between different spatial domain patterns are highly correlated to simplify the PMI derivation for all spatial domain patterns.
Proposal 3: Define PMI test for spatial domain adaptation to check PMI performance with multiple CPUs and if UE can calculate PMI for each spatial pattern correctly. 
Proposal 4: Use following test setup for power domain adaptation test as start point.
	Set two CSI-RS to PDSCH 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 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 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 power, each of which is derived by CSI-RS to PDSCH power offset specified in sub-configuration with assumption of fixed power of CSI-RS and 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 5: Use following test setup for spatial domain adaptation test as start point.
	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. 
Type 2 spatial domain pattern: TE selects PMI randomly from the codebook per slot per PRG.
Then legacy test metric can be reused: 
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