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1	Introduction
RAN4#109 agreed with the way forward on the UE demodulation and CSI reporting requirements for the NR network energy saving [1]. We continue to discuss the open issues. 
2	Discussion
2.1	UE demodulation requirements for SSB-less SCell operation for inter-band CA in FR1
	Issue 1-1: 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
· Option 3: Not to introduce the requirements



RAN4#109 discussed whether to define PDSCH demodulation requirements for the SSB-less SCell operation. One option is to define the requirements by reusing the existing CA demodulation requirements, where SSB is not configured for SCell. On the other hand, some companies do not think it is necessary to define the corresponding requirements. 
In our understanding, the difference between the legacy SCell with SSB configuration and SCell without SSB configuration is whether SSB is transmitted or not in the SCell. This means TRS is available regardless of with or without SSB, and it is configured as QCL-C with PCell SSB. Therefore, we think UE can perform the timing/frequency tracking and AGC with TRS on SSB-less SCell. 
According to RAN5 conformance test procedure, CA PDSCH demodulation tests are performed after SCell activation procedure is completed, as follows.
	[TS 38.521-4 5.2A.2.1.1.3.2] RAN5 test procedure for PDSCH demodulation requirements for CA
1. Configure SCC according to Annex C.0, C.1 and C.2 for all downlink physical channels.
2. The SS shall configure SCC as per TS 38.508-1 [6] clause 5.5.1. Message contents are defined in clause 5.2 A.2.1.1.3.3.
3. SS activates SCC by sending the activation MAC-CE (Refer TS 38.321 [24], clauses 5.9, 6.1.3.10). Wait for at least 1 second (Refer TS 38.133[25], clause9.3).
4. SS transmits PDSCH via PDCCH DCI format 1_1 for C_RNTI to transmit the DL RMC according to Tables 5.2A.2.1.0-1 to 5.2A.2.1.0-4 as appropriate on both PCC and SCC. The SS sends downlink MAC padding bits on the DL RMC.
5. Set the parameters of the bandwidth, MCS, reference channel, the propagation condition, the correlation matrix and the SNR according to Tables 5.2A.2.1.0-1 to 5.2A.2.1.0-4 as appropriate on both PCC and SCC. 
6. Measure the average throughput per each component carrier for a duration sufficient to achieve statistical significance according to Annex G.1.5. Count the number of NACKs, ACKs and statDTXs on the UL and decide pass or fail according to Table G.1.5-1 in Annex G.1.5.
7. Repeat steps from 1 to 6 for each test points in Table 5.2A.2.1.0-4 as appropriate.



According to the RAN5 procedure, System simulator (SS) starts to measure PDSCH throughput on Scell after UE completes the SCell activation. This means the SSB configuration should not affect to CA PDSCH demodulation requirements.
Observation 1: CA PDSCH demodulation tests are started after SCell activation procedure is completed according to TS 38.521-4.
In RAN4#109, RAN4 RRM session approved a CR on the network energy saving [2], which specifies the SSB-less SCell activation delay requirement for FR1 inter-band SCell. Because of the assumption of co-located deployment with PCell, the received time difference (RTD) between PCell and SCell is within a CP. We should also point out TS38.133 has already specified the SSB-less SCell activation delay requirement for FR1 intra-band CA scenario where it is assumed the RTD is within +/- 260ns.
The RRM SCell activation delay requirement verifies whether UE can complete SCell activation within the specified time by checking CQI reporting for SCell. Although the RRM session has not decided yet to define the test cases for the SSB-less SCell activation delay requirements for inter-band CA scenario, the SSB-less SCell operation should be verified with RRM SCell activation delay requirement.
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.
2.2	UE CSI reporting requirements for spatial and power domain adaptation
Another open issue is whether to define CSI reporting requirements for 1) adaptation of power offset of PDSCH to CSI-RS, and for 2) spatial domain adaptation.
	Issue 2-1: Whether to introduce CSI requirements for power/spatial domain adaption
Way forward
· Option 1: Yes, RAN4 to introduce: 
· CQI requirements under AWGN channel for power domain adaption to check CQI performance with multiple CPUs and if UE can calculate CQI for each power offset correctly.
· PMI requirements for type1 and type2 spatial domain adaption to check PMI performance with multiple CPUs and if UE can calculate PMI for each spatial pattern correctly.
· Option 2: Not to introduce CSI requirements for power/domain adaption



Power domain adaptation
Regarding the power domain adaption, it is possible to configure multiple CSI report configurations called sub-configuration in CSI-ReportConfig, whether each sub-configuration can specify the power offset of PDSCH RE to NZP CSI-RS RE. According to TS 38.214 V18.1.0, UE assumption for CQI/PMI/RI calculated is specified as follows:
	[TS38.214 V18.1.0] 5.2.2.5.1 UE assumptions for CQI/PMI/RI calculation
- For a UE configured with a CSI-ReportConfig that contains a list of sub-configurations provided by [csi-ReportSubConfigList],
[…]
· if a sub-configuration indicates a list of NZP CSI-RS resources, provided by [nzp-CSI-RS-resourceList] and does not indicate a power offset [powerOffset], for CQI calculation for the sub-configuration the UE follows the procedure previously described in this Clause.
· if a sub-configuration indicates a power offset [powerOffset], for CQI calculation, the UE shall assume the corresponding PDSCH signals transmitted on the antenna ports of a CSI-RS resource would have a ratio of EPRE to CSI-RS EPRE equal to the difference between powerControlOffset of the CSI-RS resource, given in Clause 5.2.2.3.1, and [powerOffset], where the difference is expected to take one of the values that can be configured for powerControlOffset of the CSI-RS resource, given in Clause 5.2.2.3.1, and is also expected to take a value that is no larger than the value of powerControlOffset.



In our understanding, RAN1 assumes UE need to derive CQI by considering the transmission power difference between PDSCH and CSI-RS, given by powerOffset if configured. If powerOffset is not included in the sub-configuration, UE should consider powerControlOffset to derive CQI. We should point out the IE powerControlOffset is the power offset between PDSCH and CSI-RS, and it has already specified from Rel-15. However, RAN4 CQI test set this parameter to 0 dB, because it does not affect to CQI estimation algorithm, in principle. Therefore, we don’t think it requires new CQI estimation algorithm due to powerOffset in CSI report sub-configuration, compared with Rel-15 CQI estimation.

Spatial domain adaption
For the spatial domain adaption, RAN1 considered 2 types of antenna element adaptations:
· Type 1: all antenna elements associated to a logical antenna port is disabled/enabled
· Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled
For Type 1, it is possible to configure multiple CSI report configurations as same as the power domain adaptation, where each sub-configuration can request to report PMI with a subset of CSI-RS ports, as shown in TS 38.214 V18.1.0:
	[TS38.214 V18.1.0] 5.2.2.5.1 UE assumptions for CQI/PMI/RI calculation
- For a UE configured with a CSI-ReportConfig that contains a list of sub-configurations provided by [csi-ReportSubConfigList],
[…]
· if a sub-configuration indicates a CSI-RS antenna port subset using the higher layer bitmap parameter [port-subsetIndicator], as described in clause 5.2.1.4.2, for CQI calculation, antenna ports corresponding to all bits with value of 1 in [port-subsetIndicator] are mapped to consecutive antenna ports starting at CSI-RS antenna port 3000 in increasing order of the bit position in [port-subsetIndicator]. The UE should assume that PDSCH signals on antenna ports in the set [1000, …, 1000+ν-1] for ν layers would result in signals equivalent to corresponding symbols transmitted on antenna ports [3000, …, 3000+P-1] T, as given by

where P corresponds to the number of bits with value 1 in the bitmap [port-subsetIndicator] and , and  are as previously described in this Clause, and the corresponding PDSCH EPRE to CSI-RS EPRE is as previously defined in this Clause if the sub-configuration does not indicate a power offset [powerOffset]. 



From the RAN1 specification, it is clearly mentioned that UE only need to derive PMI only from the configured the subset of CSI-RS antenna ports (P), given by port-subsetIndicator, configured by the sub-configuration. In other words, UE does not need to derive PMI for CSI-RS ports not included in port- subsetIndicator. For the Type 1 spatial domain adaption, RAN1 only allows to configure Rel-15 ‘typeI-SinglePanel' or 'typeI-MultiPanel'. This means UE does not require additional baseband processing for PMI reporting.
For Type 2, gNB can turn off multiple antenna branches to save the power. It results in, e.g., changing the CSI-RS beam shape. Since this procedure is transparent to UE, we don’t expect UE is required to change its behavior.
According to the observations above, we don’t think RAN4 need to define new CSI reporting requirements for spatial and power domain adaptation.
Proposal 2: Not define CSI reporting requirements for spatial and power domain adaptation. 
3	Summary
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.
Proposal 2: Not define CSI reporting requirements for spatial and power domain adaptation.
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