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1 Introduction

In the previous RAN4 meeting Way forward on UE power imbalance requirements for FR1 CA and EN-DC was agreed [1].

In this paper we provide view on NR CA and EN-DC demodulation requirements with power imbalance.
2 Discussion
2.1 NR CA requirements

In the previous meeting the following agreements were reached on NR CA requirements with power imbalance

	· How to define the Channel bandwidth combination
· Option 2: Define requirements for 5+5 MHz bandwidth for FDD+FDD CA, 10+10 MHz bandwidth for TDD+TDD CA, with the following test applicability 
· The test is done for any one of the supported bandwidth combination, by using performance requirement for 5+5 MHz FDD+FDD CA or 10+10 MHz TDD+TDD CA.
· The tested PRBs shall be placed in the highest part for the CC with lower carrier frequency, and placed in the lowest part for the CC with higher carrier frequency.
· Option 3: Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations 
· Methodology of Option 3 is to be clarified.
· PDSCH RB allocation
· To be decided after the channel bandwidth combination is agreed


Option 2 is mainly limited to verification of scenarios with same channel bandwidth. We expect that for such scenario UE will use more typical processing for LO allocation and put it in the middle of aggregated bandwidth (i.e. between two channel bandwidth). Same time, for scenarios with different channel bandwidth on different CCs, UE may have different implementation of LO allocation, which will lead to different image level and, as result, verification for partial PRB allocation will be different in comparison to full PRB allocation.

In Figure 1, illustrations for different scenarios and different UE implementations are provided. SIR is calculated as ratio of useful signal level to image level under assumption of 25 dBc Rx image rejection and 6 dB power imbalance. Also, in case of Option 2, we assume that OCNG is mapped on PRBs not occupied by PDSCH.
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	Figure 1. SIR level for different scenarios.


From this figure we can observe that, for Scenario 1, SIR level is same for all PRBs of weak CC and it doesn’t matter whether verify performance for part of PRBs allocated in 5MHz or 10MHz bandwidth close to the edge of CBW or verify performance for full bandwidth. Same time, for Scenario 2, SIR level is different for different PRBs and the following conclusions can be made:

· Scenario 2 (UE proc 1): Performance of PDSCH with PRBs allocated close to the left edge of CC2 will be worse than performance of PDSCH with full PRB allocation. 

· Scenario 2 (UE proc 2): Performance of PDSCH with PRBs allocated close to the left edge of CC2 will be better than performance of PDSCH with full PRB allocation.
Based on our observations above, we suggest to define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations and allocate full channel bandwidth for both CCs to ensure that we meet test purpose.
Proposal 1:
Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations for NR CA power imbalance requirements. Consider selection of CBW combination with the largest aggregated channel bandwidth as one of candidate option.
Also, the following parameters are not concluded for requirements definition:

· PRB bundling size: 
· Option 1: WB
· Option 2: 2 PRBs
· MIMO configuration
· Option 1: 2x2 and 2x4; 
· Option 2: 1x2 and 1x4
Taking into account that test setup are rather same as SDR requirements we suggest to reuse the following assumption:

· PRB bundling size: WB
· MIMO configuration: 1x2 and 1x4
Proposal 2:
Use the following configuration for NR CA requirements with power imbalance:

· Full bandwidth allocation

· PRB bundling size: WB
· MIMO configuration: 1x2 and 1x4
2.2 EN-DC requirements

2.2.1 Intra band contiguous EN-DC requirements 

In the previous meeting the following agreements were reached on Intra band contiguous EN-DC requirements
	· Duplex mode
· Option 1: FDD and TDD
· Option 2: FDD 
· SCS
· Option 1: 15kHz for both FDD and TDD 
· Option 2: 15kHz for FDD, 30kHz for TDD
· Option 3: 15kHz for FDD
· TDD pattern for 30kHz SCS
· 7D1S2U
· TDD pattern for 15kHz SCS
· Option 1: DSU+DD
· Other options are not precluded.
· Other parameters
· Generally ok to reuse simulation assumptions from NR CA requirements to define EN-DC requirements with power imbalance for the following parameters: PDSCH configuration, PDCCH allocation, antenna configuration and propagation conditions. 
· Power setting relation between LTE carrier and NR carrier
· Option 1: LTE cell 6dB higher than NR Cell
· Other options are not precluded.
· Propagation conditions
· Option 1: static channel similar to LTE 
· Other options are not precluded


Duplex mode

All requirements usually are defined for both duplex mode to ensure correct processing for different scenarios. Therefore, we suggest to define power imbalance for FDD and TDD modes.

SCS configuration

Taking into account that support of different numerologies on different CCs depends on UE capability, we suggest to focus on scenarios with same numerology for FDD and TDD modes. Same time, requirements can be defined for different scenarios and applicability rules can be used to test scenario which is supported by UE. For example, the following testing rule can be considered (i.e. similar testing rule to Normal CA requirements):
· Test #1: LTE FDD + NR FDD 15 kHz

· Test #2: LTE TDD + NR TDD 15 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 30 kHz
TDD pattern
Most of Normal PDSCH requirements are defined for 7D1S2U and, for EN-DC requirements, the start of transmission of LTE frame is delayed by 2 LTE subframes with respect to the start of transmission of NR frame to ensure alignment of DL and UL transmissions between NR and LTE. Same time, NR TDD pattern configuration is rather flexible and allows to make full alignment with LTE pattern. Therefore, we propose to consider NR TDD patterns fully aligned with LTE TDD (i.e. DSU+DD for 15 kHz and 3DSU+4D for 30 kHz), which allows to avoid LTE signal shift and simplify test configuration
Proposal 3:
Define intra band contiguous EN-DC requirements for FDD and TDD duplex modes.
Proposal 4:
Define intra band contiguous EN-DC requirements for the following NR SCS configuration:

· 15 kHz for FDD;
· 15 and 30 kHz for TDD.

Proposal 5:
Use the following testing rule for intra band contiguous EN-DC requirements:

· Test #1: LTE FDD + NR FDD 15 kHz

· Test #2: LTE TDD + NR TDD 15 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 30 kHz

Proposal 6:
Define intra band contiguous EN-DC requirements for NR TDD patterns fully aligned with LTE TDD UL/DL pattern 2 (i.e. DSU+DD for 15 kHz and 3DSU+4D for 30 kHz)
2.2.2 Intra band non-contiguous EN-DC requirements 

One of open question for EN-DC scenarios is whether to introduce intra-band non-contiguous EN-DC requirements. Based on our understanding, the purpose of intra-band CA requirements with power imbalance is image rejection verification which is observed due to using of single RF chain for signal reception. Using of single RF chain is more typical for contiguous case. Same time, we assume that for non-contiguous case UE may use multiple or single RF chains depending on implementation. Even if UE uses single RF chain then, depending on channel spacing and LO allocation, scenarios without image issue can be observed.
In comparison to NR CA, specific capability signally is defined for EN-DC to indicate whether UE supports contiguous, non-contiguous or both. If UE support both (contiguous and non-contiguous) cases, then we think that it is sufficient to verify only contiguous case as the worst scenarios from image point of view. Therefore, power imbalance requirements for intra-band non-contiguous EN-DC can be considered for UE which support only non-contiguous case. Same time, before agreement on definition of such requirements we suggest to have more detailed discussion on scenarios and assumptions to ensure that image issue will be observe during the test.
Proposal 7:
Consider intra-band non-contiguous EN-DC requirements only for UE with intraBandENDC-Support = non-contiguous. Further discussion the details of test design to ensure that RX image rejection can be verified.
3 Conclusion

In this paper we provided view on NR CA and EN-DC requirements with power imbalance and made the following proposals:
Proposal 1:
Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations for NR CA power imbalance requirements. Consider selection of CBW combination with the largest aggregated channel bandwidth as one of candidate option.
Proposal 2:
Use the following configuration for NR CA requirements with power imbalance:

· Full bandwidth allocation

· PRB bundling size: WB
· MIMO configuration: 1x2 and 1x4
Proposal 3:
Define intra band contiguous EN-DC requirements for FDD and TDD duplex modes.
Proposal 4:
Define intra band contiguous EN-DC requirements for the following NR SCS configuration:

· 15 kHz for FDD;

· 15 and 30 kHz for TDD.

Proposal 5:
Use the following testing rule for intra band contiguous EN-DC requirements:

· Test #1: LTE FDD + NR FDD 15 kHz

· Test #2: LTE TDD + NR TDD 15 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 30 kHz

Proposal 6:
Define intra band contiguous EN-DC requirements for NR TDD patterns fully aligned with LTE TDD UL/DL pattern 2 (i.e. DSU+DD for 15 kHz and 3DSU+4D for 30 kHz)
Proposal 7:
Consider intra-band non-contiguous EN-DC requirements only for UE with intraBandENDC-Support = non-contiguous. Further discussion the details of test design to ensure that RX image rejection can be verified.
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