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1   Background
At the last meeting, the WF [1] was agreed. In this contribution, we give our analysis and proposals of remaining open issues.
2   Discussion 
2.1   FR1 intra-band contiguous CA
The remaining open issues of the topic are shown as follows:

	For FR1 intra-band contiguous CA
· 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
· MIMO configuration
· Option 1: 2x2 and 2x4 
· Option 2: 1x2 and 1x4 
· Option 3: Simulation is needed 
· Further evaluate the throughput at 19dB SNR point
· MCS
· Simulation is needed 
· Option A: use different MCSs for 2Rx and 4Rx.
· Option B: use same MCS for 2 Rx and 4 Rx 
· PRB bundling size
· Option 1: WB
· Option 2: 2 PRBs


Define the Channel bandwidth combination && PDSCH RB allocation
An important issue is how to define the bandwidth combination and RB allocation. For both options, we provide our ideas as follows:
For option 2, we agree the analysis proposed by Intel in paper [2]: “For Option 2 selected by CBW, it assumes a partial allocation of channel bandwidth, which may result in the situation where the image cannot be observed on the UE side and the test purpose cannot be achieved.” In order to avoid this problem, the location of tested PRBs could be changed from the highest part for the CC with lower carrier frequency and the lowest part for the CC with higher carrier frequency to the lowest part for the CC with lower carrier frequency and the highest part for the CC with higher carrier frequency. The improved method is shown in Figure 1: 
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Figure 1:  Improved method of option2
Proposal 1: Updated option2:  Define requirements for 5+5 MHz bandwidth for FDD+FDD CA, 10+10 MHz bandwidth for TDD+TDD CA, and the test applicability should be changed as follows:
· 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.
For option3: The most typical method is to select the largest channel bandwidth combination among all CBW combinations in supported CA configurations.  Assuming that the bandwidth combination to be tested by UE is X(MHz)+Y(MHz)  and X<Y,  we can make all RBs of  CC with Y MHz be allocated and place the tested RBs on the part of CC with X MHz , so that the image interference generated by CC with Y MHz can cover all tested RBs of CC with X MHz (shown in Figure 2).  In order to avoid the complexity caused by the UE switching between the initial BWP (the UE needs to perform the SSB search initial BWP) and the active BWP, we think that the tested PRBs need to be placed on the position of the initial BWP.
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Figure 2
Proposal 2: If choose one generic method: Select the largest channel bandwidth combination among all CBW combinations in supported CA configurations, all RBs of CC with larger bandwidth are allocated, the tested RBs are placed on the position of initial BWP of CC with smaller bandwidth and only define the performance of CC with smaller bandwidth.  
MCS
In order to find a suitable set of antenna configuration and MCS, we did some simulations to evaluate the throughput with different MCS and different antenna configurations, the SNR is fixed at 19dB. But from the simulation results (Shown in table 1), we can see that when the SNR is 19dB for 1T4R, the normalized throughput is still much higher than 85% even if the MCS reaches the maximum (256QAM, 948/1024). For other MIMO configurations, it is impossible to find a suitable MCS to make the normalized TP is close to 85% (either 0 or 100%).
Observation 1: When the SNR is 19dB for 1T4R, the normalized throughput will still be much higher than 85% even if the MCS reaches the maximum (256QAM, 948/1024). For other MIMO configurations, it is impossible to find a suitable MCS to make the normalized TP close to 85% (either 0 or 100%).
In order to solve the problem, we propose to increase the power difference (larger than 6dB) between two CCs to make the SNR lower than 19dB. In this way, when the system achieves 85% max throughput under the SNR, appropriate MCS can be selected.
But when the power of Pcell is more than 6dB lower than Scell, UE will complete the conversion between Pcell and Scell. So we propose to only define the requirement for Scell. In order to make normalized TP close to 85%, we should do more simulation to find the suitable SNR under the condition of a pre-selected MCS.
Proposal 3: Increase the power difference (larger than 6dB) between two CCs to make the SNR lower than 19dB and only define the performance requirement for Scell. To make normalized TP close to 85%, more simulation are needed to find the suitable SNR under the condition of a pre-selected MCS.
                                                      Table 1: Simulation results for MIMO configuration && MCS
	MIMO configuration
	Normalized Throughput (SNR: 19dB)

	
	MCS:23 (Modulation Order:8;Code rate: 797/1024)
	MCS:24 (Modulation Order:8;Code rate: 841/1024)
	MCS:25 (Modulation Order:8;Code rate: 885/1024)
	MCS:26 (Modulation Order:8;Code rate: 916.5/1024)
	MCS:27 (Modulation Order:8;Code rate: 948/1024)

	1T2R
	100%
	0
	0
	0
	0

	1T4R
	100%
	100%
	100%
	100%
	95.9%

	2T2R
	100%
	100%
	0
	0
	0

	2T4R
	100%
	100%
	100%
	100%
	100%


MIMO configuration 
We support option2. We should avoid the situation of 2TX under the condition of static channel, because this will make the signal energy on some antennas at the receiving side to zero. From the calculation results of the equivalent channel matrix in Table 1 and Table 2(Shown in appendix), it can be seen that there will be some antennas at the receiving side without signal energy when the codebook index is 1 and 3. According to previous agreement, the codebook index is randomly selected, so for 2TX antenna configuration there is a one-half probability that the receiving side will have no signal energy on some antennas which will greatly reduce the spatial gain. Therefore, we propose to use 1TX antenna configuration.
In addition, the MIMO configuration of 1 TX allows us to choose a more suitable MCS because it requires lower MCS than the MIMO configuration of 2 TX (assuming the same test metric).
Proposal 4: Use 1x2 and 1x4 MIMO configuration. 
PRB bundling size 
We prefer to use the default configurations used in NR Rel-15 UE demodulation requirements. (i.e.  PRB bundling size 2 RPBs)

Proposal 5: Use PRB bundling size 2 RPBs.
2.2   Intra-band contiguous EN-DC 
The remaining open issues of the topic are shown as follows:

	For intra-band contiguous EN-DC
· 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 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

Since Intra-band is in an operator band, some of these bands support FDD and some support TDD. In order to ensure that all performance requirements apply to all UE-supported band configurations, we propose that both TDD and FDD need to be tested
SCS
We prefer to reuse the SCS configuration of Rel-15 PDSCH, i.e. 15 kHz for FDD, 30 kHz for TDD.

Other parameters

We propose to reuse the 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. At the same time, we also can reuse the existing LTE setup for EN-DC just with LTE cell 6dB higher than NR Cell. For propagation, we prefer static channel.
Proposal 6: Reuse the 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, both FDD and TDD need to be tested, use 15 kHz for FDD, 30 kHz for TDD.
2.3   Intra-band non-contiguous EN-DC
We think more discussion is needed whether it is reasonable to assume an RF chain receiver to receive two non-continuous carriers in co-located scenario. 
3   Conclusion

In this contribution, we give our analysis and proposals of remaining open issues for UE power imbalance requirements for FR1 CA and EN-DC, the proposals and observations are:

Proposal 1: Updated option2:  Define requirements for 5+5 MHz bandwidth for FDD+FDD CA, 10+10 MHz bandwidth for TDD+TDD CA, and the test applicability should be changed as follows:
· 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.
Proposal 2: If choose one generic method: Select the largest channel bandwidth combination among all CBW combinations in supported CA configurations, all RBs of CC with larger bandwidth are allocated, the tested RBs are placed on the position of initial BWP of CC with smaller bandwidth and only define the performance of CC with smaller bandwidth.  
Observation 1: When the SNR is 19dB for 1T4R, the normalized throughput will still be much higher than 85% even if the MCS reaches the maximum (256QAM, 948/1024). For other MIMO configurations, it is impossible to find a suitable MCS to make the normalized TP close to 85% (either 0 or 100%).
Proposal 3: Increase the power difference (larger than 6dB) between two CCs to make the SNR lower than 19dB and only define the performance requirement for Scell. To make normalized TP close to 85%, more simulation are needed to find the suitable SNR under the condition of a pre-selected MCS.
Proposal 4: Use 1x2 and 1x4 MIMO configuration. 

Proposal 5: Use PRB bundling size 2 RPBs.
Proposal 6: Reuse the 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, both FDD and TDD need to be tested, use 15 kHz for FDD, 30 kHz for TDD.
4   Reference
[1] R4-2005547 WF on FR1 power imbalance. NTT DOCOMO.
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5   Appendix
Table 2:  Equivalent channel matrix for 2T2R
	Codebook index
	Precoding matrix 
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Table 3:  Equivalent channel matrix for 2T4R
	Codebook index
	Precoding matrix 
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