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Introduction

In the last RAN4#92 meeting, there were some initial discussions on IAB Tx dynamic range requirement on shared architecture for IAB DU and MT. Therefore in this contribution, we want to further study these issue and share some initial inputs. 

Discussion  
2.1. Purpose of Tx dynamic range requirement 
Before discussing the specific Tx dynamic range requirement, we want to clarify the purpose of Tx dynamic range requirement for BS and UE respectively. 

For Tx dynamic range requirement of BS, it’s equal to 10*log10(NRB) which is used to test the BS EVM performance if gNB/eNB only transmit single PRB. This will be only used for conformance testing instead of practical usage as it’s unlikely that BS only transmit with single PRB in reality. Then QA is coming to mind what’s purpose for Tx dynamic range design in reality, indeed when design AAU/RRU, temperature conformance of transceiver chain and performance conformance of each RF component for production, then some link budget will be reserved for RF DVAG to adjust the transmitter gain and compensate the signals. This is only the analog control for Tx dynamic range and digital power control should be done within baseband FPGA. Sometimes RF DAC could also have the gain control functionality which could contribute to the Tx dynamic range. 

For Tx dynamic range requirement of UE, it’s equal to max output power minus min output power. Here UE min power is derived based co-channel interference study and adjacent channel coexistence study. For example, min power for LTE UE is proposed as -30dBm at the beginning based on the macro scenarios analysis which has 20dB relaxation compared with UTRA UE min output power -50dBm, however after further study the impact of -30dBm in micro scenarios where the coupling loss is small and co-channel interference/adjacent channel interference becomes higher, then -50dBm is proposed is min output power. After further discussions, -40dBm is proposed as compromised value for LTE UE min power. 

-40dBm is reused for FR1 NR UE min output power with CBW less than or equal to 20MHz, for other CBW larger than 20MHz, the min output power is scaling linearly with the corresponding CBW. 

Therefore Tx dynamic range for FR1 UE should be 66dB assuming the PC2 is applied and min output power is -40dBm.  

Therefore Tx dynamic range for FR2 UE should be 32.4dB assuming min output power is -13dBm and UE is equipped with 2x2 antenna array with output power 13.4dBm per element. 

Indeed UE Tx total dynamic range requirement is designed to prevent UE with good condition to transmit at very lower power as extracted from TR36.942.
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where Py i the maximum transmit power, Rz is the minimum power reduction ratio to prevent UEs with good
channdls to ransmit at very low power level, CL is the path coupling loss defined as max {path loss-G_Tx-G._Rx,

MCL}, where path lossis propagation loss pius shadowfading, G_TX is the transmitter antenna gainin the direction of
the recciver, G_RX is the receiver antenna gain in the direction of the ransmitter and Ly is the x-percentile CL value.
‘With this power control equation, the x percent of U that have the highest coupling loss will iransmit at P, Finally,
0<y<=1 is the balancing factor for UEs with bad channel and UEs with good chamnel-





Then QA is coming to mind how UE Tx dynamic range is designed in reality, Here we want to take an example of UTRA UE as it could have 75dB Tx total dynamic range requirement due to lower min output power -50dBm,.In general upper conversion driver could contribute to 60dBc Tx dynamic range via VGA within upper conversion component, for the remaining Tx dynamic range, it could be achieved by the external adjustable attenuator inserted before RF filter.

As mentioned in the previous meeting ,if shared architecture for IAB MT and IAB DU is assumed, then IAB DU might need to cover the whole power adjustment range from 46dBm to -40dBm for FR1 and from 30dBm to -13dBm for FR2. In other words, FR1 IAB DU should support 86dB Tx dynamic range and FR2 IAB DU should support 43dB Tx dynamic range which are much larger than the existing requirement defined for NR BS. If IAB needs to support DU and MT via the same transceiver chain, then some external attenuator with big adjustment range and accuracy is needed which will introduce not only the insertion loss by attenuator but also decreased power efficiency as IAB DU RF PA should work at the quite low operating point. 

Observation 1:  If IAB needs to support DU and MT via shared RF architecture, then some external attenuator with big gain adjustment range and accuracy is needed which will introduce not only the insertion loss by attenuator but also decreased power efficiency as IAB DU RF PA should work at the quite low operating point. 
2.2. Evaluation results
Similar as evaluation work done for LTE UE min output power, the co-channel interference evaluation and adjacent channel interference evaluation are provided in Figure 1/2 for FR1 and Figure 3/4 for FR2. 

As shown in Figure 1/3, it could be found that power control algorithm doesn’t work anymore if setting min output power from -10dBm to 20dBm. The reason for that phenomenon is that IAB MT should be supposed to transmit at very low power, however the min output power is much higher, then UEs under good condition always transmit with min output power. That is just opposite to the original idea of setting min output power to avoid UE with good condition to transmit with too low power. 

As shown in Figure 2, increased min output power will cause significant throughput loss in the adjacent channel. From the results observed that, ACIR could be still achieved around 30dBc when min output power is -10dBm. If the min output power further increase to 0,10 or 20dBm, then throughput loss in the adjacent channel is not acceptable anymore. Here one more issue we want to raise here the reason why -10dB min output power doesn’t cause significant throughput loss is due to antenna array 8x8 assumed for IAB MT in the simulation assuming IAB MT reusing IAB DU antenna array. If further decreasing the antenna array for IAB MT to 2x2 antenna array, then adjacent channel throughput loss will be higher compared with results provided here in Figure 2.
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Figure 1. impacts of min output power on co-channel interference 
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Figure 2. impacts of min output power on adjacent channel interference 
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Figure 3. impacts of min output power on co-channel interference 
As shown in Figure 4, increased min output power will cause significant throughput loss in the adjacent channel. From the results observed that, ACIR could be still achieved around 20dBc when min output power is -10dBm. If the min output power further increase to 0,10 or 20dBm, then throughput loss in the adjacent channel is not acceptable anymore. Here one more issue we want to raise here the reason why -10dB min output power doesn’t cause significant throughput loss is due to antenna array 8x16 assumed for IAB MT in the simulation assuming IAB MT reusing IAB DU antenna array. If further decreasing the antenna array for IAB MT to 2x2 antenna array, then adjacent channel throughput loss will be higher compared with results provided here in Figure 4.
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Figure 4. impacts of min output power on co-channel interference 

Based on the above simulation results, it could be observed that increasing the min output power will disable power control algorithm and increase the adjacent channel interference. 

Observation 2: increasing the min output power will disable power control algorithm and increase the adjacent channel interference. 
Conclusions
In this contribution, we shared more detailed considerations on simulation assumptions for IAB coexistence study to trigger the simulation for alignment purpose and proposals are made as following: 

Observation 1:  If IAB needs to support DU and MT via shared RF architecture, then some external attenuator with big gain adjustment range and accuracy is needed which will introduce not only the insertion loss by attenuator but also decreased power efficiency as IAB DU RF PA should work at the quite low operating point. 
Observation 2: increasing the min output power will disable power control algorithm and increase the adjacent channel interference. 
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