Page 1

3GPP TSG-RAN WG4 Meeting #96-e

R4-2009733
E-meeting, 17 – 28 August, 2020
Agenda item:
7.16.1.4
Source:
Intel Corporation
Title:
Discussion on FR1 CA and EN-DC power imbalance requirements
Document for:
Discussion
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

	· Channel bandwidth combination for defining performance requirements
· 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
· Option 2a
· 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 lowest part for the CC with lower carrier frequency, and placed in the highest part for the CC with higher carrier frequency.
· Option 2b
· 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.
· Select the CA combination with largest bandwidth, and select the CA configuration with the same BWs in each carrier for power imbalance test
· If there is no supported CA configuration with the same BWs, additional power imbalance test can be considered if necessary. 
· Note that from 38.101-1, we can observe that most of the CA combinations have the configuration with same BWs, except CA_n71B and CA_n78B.
· Option 3: Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations
· RAN4 uses option 3 if it is feasible to define bandwidth agnostic requirements for option 3.
· Channel bandwidth combination for testing
· As baseline, use the following approach
· Step 1: First select the CBW combinations with the same BWs in each carrier
· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the two carriers, and the carrier with [larger or smaller] CBW will be used for test.
· Step 2: Among the CBW combinations selected from step 1, select the CA combination with largest aggregated CBW
· Following topic will be discussed further
· In step 1, if there is no CBW combinations with the same BWs in each carrier, whether the carrier with larger or smaller CBW will be used for test?
· MCS
· FFS whether to use 64QAM or 256QAM based on more simulation results for 1x2 and 1x4 
· Assumptions related to the target SNR point for simulation
· Power difference between two CCs
· 6dB
· Impairment margin + extra margin
· Option 1: 3dB
· Option 2: lower than 3dB


Channel bandwidth combination for testing
In the previous RAN4 meeting baseline methodology for channel bandwidth combination selection was agreed. The one of the open questions is “In step 1, if there is no CBW combinations with the same BWs in each carrier, whether the carrier with larger or smaller CBW will be used for test?”. In Figure 1 we provide the SIR level analysis for different scenarios and different UE processing assumptions.
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	Figure 1. SIR level for different scenarios.


From this analysis we can observe that the worst case from SIR level perspective is testing on carrier with the smallest CBW. Also, for such case SIR level will be aligned with SIR level for scenarios with same CBW sizes for two CCs. Therefore, we suggest to use carrier with smallest CBW for testing in scenarios with different CBWs for selected CBW combination.
Proposal 1:
For NR CA power imbalance test, use carrier with smallest CBW for testing in scenarios with different CBWs for selected CBW combination.
MCS
One of the open parameters for NR CA power imbalance is modulation and MCS for testing. In Figure 2 we provide simulation results for different MCS and 2 and 4 Rx scenarios. Table 1 provides summary of alignment results and Table 2 provides summary of impairment results.
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	Figure 2. Simulation results for different MCS and modulation


Table 1. Summary of alignment results.

	
	64QAM
	256QAM

	
	MCS24
	MCS26
	MCS27
	MCS28
	MCS23
	MCS25
	MCS27

	2 Rx
	13.7
	16.1
	16.8
	19.0
	19.4
	21.6
	24.9

	4 Rx
	11.3
	13.8
	14.6
	16.9
	17.0
	19.2
	22.7


Table 2. Summary of impairment results.

	
	64QAM
	256QAM

	
	MCS24
	MCS26
	MCS27
	MCS28
	MCS23
	MCS25
	MCS27

	2 Rx
	16.2
	18.6
	19.3
	21.5
	21.9
	24.1
	27.4

	4 Rx
	13.8
	16.3
	17.1
	19.4
	19.5
	21.7
	25.2


From Table 2 we can observe that SNR operating point for MCS27 for 2 RX and MCS 28 for 4 Rx is around 19 dB. Therefore, we propose to use such MCSs for power imbalance requirements.

Proposal 2:
Use 64QAM with MCS 27 for 2 Rx and 64QAM with MCS 28 for 4 Rx for NR CA power imbalance requirements.
Channel bandwidth combination for defining performance requirements
In the previous RAN4 meeting multiple options on channel bandwidth combination for defining performance requirements were considered. One of potential options is to define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations. However, the main question of this option is whether it is feasible to define bandwidth agnostic requirements. In Figure 3 we provide simulation results for several CBW/SCS combination to identify the performance difference.
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	Figure 3. PDSCH performance for different CBW/SCS combinations.


From these results we can observe that PDSCH performance difference for difference CBW/SCS combinations is within the 0.5 dB range. Therefore, we think that requirements can be defined in CBW/SCS agnostic manner.
Proposal 3:
Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations for NR CA power imbalance requirements.
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
· FDD and TDD
· SCS
· FDD: 15kHz
· TDD:
· Option 1: 30kHz
· Option 2: 15kHz and 30kHz
· Test #2a: LTE TDD + NR TDD 15 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 30 kHz
· Test #2b: LTE TDD + NR TDD 30 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 15 kHz
· TDD pattern for 30kHz SCS
· 7D1S2U
· TDD pattern for 15kHz SCS (if needed)
· Option 1: DSU+DD
· Other options are not precluded.


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
Taking into account that 7D1S2U will be used for 30 kHz case, we suggest to use DDDSU for 15 kHz case. 
Proposal 4:
Use the following testing rule for intra band contiguous EN-DC requirements:

· Test #1: LTE FDD + NR FDD 15 kHz

· Test #2: 
· Option 1: LTE TDD + NR TDD 15 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 30 kHz
· Option 2: LTE TDD + NR TDD 30 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 15 kHz
Proposal 5:
Use DDDSU TDD UL/DL pattern for 15 kHz SCS
2.2.2 Intra band non-contiguous EN-DC requirements 

In the previous RAN4 meeting the following agreements were reached on power imbalance requirements for Intra band non-contiguous EN-DC.
	· Test applicability rules
· Option 1
· UE supports only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”,  
· power imbalance requirement for intra-band contiguous EN-DC is applied
· UE supports only intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support” or UE does not indicate “interBandContiguousMRDC”,  
· power imbalance requirement for intra-band non-contiguous EN-DC is applied
· UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support” or UE indicates “interBandContiguousMRDC”,  
· power imbalance requirement for FR1 intra-band contiguous EN-DC
· Option 2 
· UE supports only intra-band contiguous EN-DC, i,e., if UE does not indicate “intraBandENDC-Support”,  
· power imbalance requirement for intra-band contiguous EN-DC is applied
· UE supports only intra-band non-contiguous EN-DC, i.e., if UE indicates “non-contiguous” in “intraBandENDC-Support”    
· power imbalance requirement for intra-band non-contiguous EN-DC is applied
· UE supports both intra-band contiguous and non-contiguous EN-DC, i.e., if UE indicates “both” in “intraBandENDC-Support” 
· power imbalance requirement for FR1 intra-band contiguous EN-DC
· Other options are not precluded.
· Test design
· FFS


Based on WID, the work scope of this WI contains the following objectives 

	· NR FR1 CA PDSCH demodulation performance requirement with power imbalance

· Intra-band contiguous 2CC CA with 6dB power imbalance is assumed

· FR1 intra-band EN-DC PDSCH demodulation performance requirement with power imbalance

· Intra-band contiguous EN-DC with 6dB power imbalance is assumed.

· Further study whether to introduce intra-band non-contiguous EN-DC requirements and applicable power imbalance level

· Only the NR cell is configured as the weaker power cell and to be tested.


We can observe that inter-band (NG)EN-DC/NE-DC combination is out of scope of this work item. Therefore, we suggest not to consider interBandContiguousMRDC capability as a part of test applicability rule and consider only intraBandENDC-Support capability.
Proposal 6:
Do not consider interBandContiguousMRDC capability as a part of test applicability rule for EN-DC power imbalance requirements.
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:
For NR CA power imbalance test, use carrier with smallest CBW for testing in scenarios with different CBWs for selected CBW combination.
Proposal 2:
Use 64QAM with MCS 27 for 2 Rx and 64QAM with MCS 28 for 4 Rx for NR CA power imbalance requirements.
Proposal 3:
Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations for NR CA power imbalance requirements.
Proposal 4:
Use the following testing rule for intra band contiguous EN-DC requirements:

· Test #1: LTE FDD + NR FDD 15 kHz

· Test #2: 
· Option 1: LTE TDD + NR TDD 15 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 30 kHz
· Option 2: LTE TDD + NR TDD 30 kHz, in case UE supports it, otherwise LTE TDD + NR TDD 15 kHz
Proposal 5:
Use DDDSU TDD UL/DL pattern for 15 kHz SCS

Proposal 6:
Do not consider interBandContiguousMRDC capability as a part of test applicability rule for EN-DC power imbalance requirements.
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