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Background
Core part of Network energy saving has been concluded. RAN4 should open the discussions on performance requirements part this meeting. This contribution summarizes the features firstly and then provides our overviews on performance requirements definition. 
Discussions
Brief summary of feature
Support SSB-less SCell operation for inter-band CA for FR1 and co-located cells
Existing standard supports SSB-less Scell operation for intra-band CA, one objective of RAN4’s work is to study the feasibility of supporting SSB-less Scell operation for inter-band CA. RRM has introduced the following scenarios:
	· Agreements
· Continue RAN4 work on the following SSB-less SCell scenarios
· Scenario 1: SCell without SSB transmission and with TRS transmission
· Scenario 2a: SCell without SSB transmission and without any other DL transmissions, but with UL reception at the NW side
· Note: No RAN1 impacts are expected, and no RAN4 requirements will be defined if the scenario is not supported from RAN1 specification perspective.
· Deprioritize RAN4 work on the following SSB-less SCell scenario
· Scenario 2: SCell without SSB transmission and without TRS transmission
· Send LS to RAN1/2 to check on support of Scenario 2a from RAN1/2 specifications perspective


Scenario 1 is supported by most companies, where UE can use the SSB in the PCell or other Scells for time/frequency synchronization. Furthermore, one important agreement on RTD between component carriers was reached in last meeting [1]: 
	· Agreements
· Define requirements for RTD ≤ CP
· note: the CP corresponding to the [largest SCS across CCs or SCell SCS]
· FFS if additional requirements shall be considered for RTD ≤ 260ns
· Performance requirements (RRM and/or demodulation) need to be introduced for the scenario with RTD ≤ CP to guarantee proper performance on the SCell


Other RRM requirements such as L1/L3 measurement, Scell activation are still on discussion. 

Spatial domain adaptation and power domain adaptions are two main techniques to reduce BS power consumption. Meanwhile, two spatial domain adaptation types are defined. The brief introduction is shown as follows:
Type 1 spatial adaption
BS will enable/disable all spatial elements/TxRUs associated to a logical antenna port, e.g. a subset of ports of a CSI-RS resource. The number of logical ports of a CSI-RS resource is reduced, while the beam (CSI-RS beam) of each logical port of a CSI-RS resource remains the same. Figure 2-1 shows an example of type 1 TxRUs shutdown. 
[image: ]
Figure 2-1: Example of Type 1 shutdown
One reportConfig contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern. At most L sub-configurations can be configured in one reportConfig and UE can report at most N CSIs in one CSI report where L, N depends on UE capability.
All CSI-RS resource(s) (which can be one or more) in the CSI-RS resource set for channel measurement are associated with each sub-configuration provided in a CSI report configuration. The spatial adaptation pattern in each sub-configuration is indicated by a bitmap of which each bit indicates whether the corresponding port is enabled for all the CSI-RS resources associated with the sub-configuration. Please see the following example:
	ReportConfigure 
{
Sub-configure 1:  Bit steam {32}:   All CSI-RS resources in CSI-RS resource set #M for channel measurement
Sub-configure 2:  Bit steam {32}:   All CSI-RS resources in CSI-RS resource set #M for channel measurement
…
Sub-configure L: Bit steam {32}:   All CSI-RS resources in CSI-RS resource set #M for channel measurement
}



Type 2 spatial adaption
BS will enable/disable of part of spatial elements/TxRUs associated to a logical antenna port(s). Due to the port virtualization, the number of logical ports of a CSI-RS resource remains the same as the non-shutdown case, while the beam (CSI-RS beam) of each logical port of a CSI-RS resource is widened. Figure 2-2 shows an example of type 2 TxRUs shutdown. 
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Figure 2-2: Example of Type 2 shutdown
Type 2 spatial adaption has same CSI report configuration structure as type 1 spatial adaption. I.e. At most L sub-configurations can be configured in one reportConfig and UE can report at most N CSIs in one CSI report where L and N depend on UE capability. The difference is that for type 2 spatial adaption each sub-configuration is associated with a CSI-RS resources ID list. Please see the following descriptions:
	ReportConfigure 
{
Sub-configure 1(SD pattern 1): {CSI-RS Resource #1, CSI-RS Resource #2,…,CSI-RS Resource #N}
Sub-configure 2(SD pattern 2): {CSI-RS Resource #N+1, CSI-RS Resource #N+2,…,CSI-RS Resource #N+M}
…
Sub-configure L(SD pattern L): {CSI-RS Resource #N+M+1, CSI-RS Resource #N+M+2,…,CSI-RS Resource #N+M+Q}
}



Power domain spatial adaption
Multiple sub-configurations can be configured in one reportConfig, each sub-configuration corresponds to one power offset value for PDSCH relative to CSI-RS. Please see the following example:
	ReportConfigure 
{
Sub-configure 1: Power offset 1: All CSI-RS resources in CSI-RS resource set #M for channel measurement
Sub-configure 2: Power offset 2:All CSI-RS resources in CSI-RS resource set #M for channel measurement
…
Sub-configure L: Power offset N:All CSI-RS resources in CSI-RS resource set #M for channel measurement
}


At most L sub-configurations can be configured in one reportConfig and UE can report at most N CSIs in one CSI report where L, N depends on UE capability.
0. Views on requirements definition 
Support SSB-less SCell operation for inter-band CA for FR1 and co-located cells
Based on our understanding, the performance for SSB less Scell has been guaranteed by the restriction “Performance requirements (RRM and/or demodulation) need to be introduced for the scenario with RTD ≤ CP to guarantee proper performance on the Scell” From the performance requirements perspective, there is no obvious performance degradation if a UE is synchronized to the SSB of Pcell or other Scell(s), conditioned that the RTD difference is less than the CP of any CC. RAN4 didn’t define the performance requirements for SSB less Scell for intra-band CA when introduced. So we don’t see the necessity to define the requirements for inter-band CA.
Proposal 1: Don’t define performance or CSI requirements for SSB-less SCell operation for inter-band CA for FR1 and co-located cells

Spatial/power domain adaption 
Legacy CSI tests only require UE to perform CSI measurement for one CSI resource with single spatial pattern. Tests with multiple CSI resources/spatial domain patterns have higher requirements for the tested UEs for following reasons:
If N>1, compared to legacy CSI test, tested UE needs to perform multiple CSI computation in same period. I.e. N CPUs are occupied, which is different from legacy CSI test where only 1 CPUs is occupied.
Tested UE needs to calculate multiple set of MMSE filtering coefficient for CSI channel estimation if multiple CSI mapping pattern is configured.
For spatial domain adaption, the new UE behavior that deriving CSI for different spatial domain adaption is expected. For instance, UE doesn’t need to perform duplicate PMI computation for each sub-configuration. UE may perform joint PMI computation for all sub-configurations since the CSI-RS beams corresponding to different sub-configuration are high correlated.
Hence, we think it is necessary to define CSI requirements for UE supporting spatial/power domain adaption for CSI reporting to verify whether such UE can report CSI correctly for each spatial domain pattern or power offset. Considering spatial domain adaption and power domain adaption are two separate features, we prefer to define separate requirements for these two features. 
Proposal 2: RAN 4 to define separate CSI requirements for UE supporting spatial domain adaption to verify whether such UE can report CSI correctly for each spatial domain pattern.
Proposal 3: RAN 4 to define separate CSI requirements for UE supporting power domain adaption to verify whether such UE can report CSI correctly for each power offset of CSI-RS relative to PDSCH.

General test setup
Type 1 single panel and multi panel codebook are supported, to reduce the simulation work and test burden, we propose to only consider Type 1 single panel codebook.
Two sub-configurations can be configured to simplify the test, i.e. L=2, where each sub-configuration is associated with one CSI-RS resource.
Regarding the N value, based on the RAN1 agreements, N can be 1 or 2 depending on the UE capability for A/SP-CSI reporting and N=L for P-CSI reporting. 
For case with N=1, only A-CSI reporting is feasible, TE can take turns triggering two sub-configurations and applying the CSI reported by UE. Legacy CSI test procedure and test metric can be reused. It is noted that only one CPU is occupied, which is same as legacy CSI test. Please see the following example:
[image: ]
Figure 2-3:  Example of test procedure for N=1
For case with N=2, both P-CSI reporting and A-CSI reporting are feasible. However, legacy CSI test procedure is not applicable since TE will receive two CSIs on one occasion. Instead, TE can take turns applying CSIs corresponding to two sub-configurations. It is noted that two CPUs are occupied, which has higher requirement than legacy CSI test with only 1 CPU occupied. Please see the following example:
[image: ]
Figure 2-4:  Example of test procedure for N=2
Proposal 4:  Following general parameters should be considered 
Type 1 single-panel codebook 
Two sub-configurations is configured, i.e. L=2, each sub-configuration is associated with one CSI-RS resource. The CSI-RS resource need further discussion.
FFS the N value. If N=1, use A-CSI reporting, TE can take turns triggering two sub-configurations and applying the CSI reported by UE.  If N=2, use P-CSI reporting, TE can take turns applying CSIs corresponding to two sub-configurations.
For power domain adaption, power offset of CSI-RS relative to PDSCH mainly has impact on CQI computation, hence only CQI requirements should be defined, meanwhile, two different CQI values are expected to be derived for two sub-configurations with different power offset, CQI AWGN test is sufficient to verify whether UE report each CQI correctly for each power level. 
For type 1/2 spatial domain adaption, PMIs for different spatial adaption are expected to be high correlated but different, CQI are also different. We propose to define PMI requirements and CQI requirements to verify whether UE can report CQI and PMI correctly for different spatial domain adaption. For type 1 spatial domain adaption, port subset configuration and how to set the common CSI-RS resource for each sub-configuration need further discussion. For type 2 spatial domain adaption, how to implement the port virtualization and how to set the CSI-RS resource for each sub-configuration needs further discussion
Proposal 5:  Consider following parameters
For case with power domain adaption: Only define CQI requirements with AWGN channel. Other parameters are FFS.
For case with Type 1 spatial domain adaption: Define CQI and PMI requirements, FFS for port subset configuration and how to set the common CSI-RS resource for each sub-configuration. 
For case with Type 2 spatial domain adaption: Define CQI and PMI requirements, FFS how to implement the port virtualization in the transmitting side and how to set the CSI-RS resource for each sub-configuration.
Conclusion
In this paper we provide our views on how to define performance requirements for NES. The observations and proposals are:
Proposal 1: Don’t define performance or CSI requirements for SSB-less SCell operation for inter-band CA for FR1 and co-located cells
Proposal 2: RAN 4 to define separate CSI requirements for UE supporting spatial domain adaption to verify whether such UE can report CSI correctly for each spatial domain pattern.
Proposal 3: RAN 4 to define separate CSI requirements for UE supporting power domain adaption to verify whether such UE can report CSI correctly for each power offset of CSI-RS relative to PDSCH.
Proposal 4:  Following general parameters should be considered 
Type 1 single-panel codebook 
Two sub-configurations is configured, i.e. L=2, each sub-configuration is associated with one CSI-RS resource. The CSI-RS resource need further discussion.
FFS the N value. If N=1, use A-CSI reporting, TE can take turns triggering two sub-configurations and applying the CSI reported by UE.  If N=2, use P-CSI reporting, TE can take turns applying CSIs corresponding to two sub-configurations.
Proposal 5:  Consider following parameters
For case with power domain adaption: Only define CQI requirements with AWGN channel. Other parameters are FFS.
For case with Type 1 spatial domain adaption: Define CQI and PMI requirements, FFS for port subset configuration and how to set the common CSI-RS resource for each sub-configuration. 
For case with Type 2 spatial domain adaption: Define CQI and PMI requirements, FFS how to implement the port virtualization in the transmitting side and how to set the CSI-RS resource for each sub-configuration.
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