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1. Introduction
In RAN4 #70bis meeting, it was agreed that RAN4 will only define new demodulation test case for power imbalance between received non-contiguous intraband carriers under REL-11 CA enhancement performance WI. In RAN4 #71, there were further discussion regarding how to define test set up but little progress was made. Main challenge was to define band agnostic demodulation test, which seems to be quite challenging since impact of power imbalance on demodulation performance can vary depending on specific intra-band non-contiguous CA configuration. WF [1] was partially agreed as captured in chairman’s note. 
· Encourage companies to investigate how to introduce the demodulation test with power imbalance

· Option 1: band agnostic demodulation test

· Option 2: band specific demodulation test 
In this contribution, we provide our view on test case design for power imbalance test for intraband non-contiguous CA. 
2. Discussion
2.1. Band agnostic vs band specific test

Demodulation and CSI tests in section 8 and 9 of 36.101 are defined as band agnostic test based on understanding that (1) tests are targeted for verifying baseband implementation of UE receiver and (2) band specific RF impairments are properly factored into performance requirements as implementation margin. However, power imbalance test being discussed here is quite similar to in-band blocking test, which is defined as band specific test in section 7.6.1 of 36.101. Main differences for band agnostic and band specific tests are
· Same performance requirements are defined for all bands for band agnostic tests while different performance requirements can be defined for band specific tests. 

· Band agnostic tests are run for only one band arbitrarily selected among all bands supported by UE. However, band specific RF tests are supposed to be run in all bands supported by UE. 

Considering that nature of power imbalance test aligns better with band specific tests, it would be desirable to define the new test as band specific test. If we attempt to define power imbalance test as band agnostic demodulation test, there would be a lot of complication related to test set up selection and test applicability specification. 
Proposal 1. Define power imbalance test for intraband non-contiguous CA as band specific test. 

2.2. Supported band
Dealing with large power imbalance in intraband non-contiguous CA is quite challenging requirement which is specifically targeted for non-collocated deployment. It is unlikely that all intraband non-contiguous CA will aim for non-collocated deployment. Thus, mandating power imbalance requirement for all intraband non-contiguous CA configurations could be unnecessary and might cause unwanted cost increase or performance compromise. Also, as analyzed in [2], it is impossible to select common channel arrangement applicable to all existing intraband non-contiguous CA configuration. In order to minimize specification effort and avoid unwanted side effect, we would like to mandate power imbalance test to only subset of CA configuration for which operators have intention for non-collocated deployment. At this moment, we can start test case design for band 3 and extend it later to other CA configuration when other operators show intention for non-collocated deployment. 
Proposal 2. Define power imbalance test for only intraband non-contiguous CA configuration for which operators have intention for non-collocated deployment. 

2.3. Test set up
For test case design, we will focus on band 3 in this contribution. For band 3, following channel arrangement was proposed in [2]. This configuration is also applicable to band 4 and band 25. 
· CC1=10MHz as desired CC
· CC2=5MHz as blocker CC
· Gap=10MHz
Proposal 3. Select 10MHz channel bandwidth for desired CC, 5MHz bandwidth for blocker CC and 10MHz gap for power imbalance test set up in band 3. 

Channel bandwidth and gap set up is compatible with case 2 in table 7.6.1.1.-2 for in-band blocking test defined in section 7.6.1.1 of 36.101. For existing in-band blocking test, desired CC is at sensitivity level + 6dB and blocker signal is at -44dBm. Since sensitivity level for 10MHz system bandwidth for band 3 is -94dBm, power imbalance would be -44dBm – (-94dBm + 6dB) = 44dB. Under this test set up, UE is required to achieve at least 95% of peak throughput for PDSCH with QPSK 1/3.
In [3], power imbalance configurations operator is interested in are provided for QPSK and 64-QAM. It was proposed to set blocker CC power at -25dBm, i.e., maximum input power level UE can demodulate, to make it sure that UE can demodulate weaker carrier when UE is very close to small cell. For power imbalance, it was proposed to assume same power imbalance as in-band blocking test [1], which is 44dB for band 3 and 47dB for band 4. However, requirement for UE RF design for in-band blocking test and power imbalance test for intraband non-contiguous CA is not identical. 
· In in-band blocking test, UE needs to demodulate only desired signal while suppressing blocker signal. However, in intraband non-contiguous CA, UE should demodulate both CCs. The requirement to demodulate stronger as well as weaker CC will impose additional constraint on UE RF operation. 
· In in-band blocking test, blocker signal is at -44dBm. In power imbalance test for intraband non-contiguous CA, we are considering blocker CC at -25dBm, i.e., maximum input power UE is supposed to handle. Performance degradation due to receiver non-lineariy could be more pronounced at higher blocker level. 
· In in-band blocking test, desired signal is modulated with MCS 5 (QPSK 1/3). However, for power imbalance test for intraband non-contiguous CA, we are considering both MCS 5 and MCS 26 (64-QAM 3/4). RF impairment will lead of larger performance degradation in MCS 26 than in MCS 5. 
In consideration of potentially tougher RF implementation challenge for intraband non-contiguous CA, we would like to propose power imbalance of 41dB for QPSK 1/3 and 22dB for 64-QAM 3/4 test. Table 1 summarizes proposed power imbalance set up. 
Proposal 4. Consider power imbalance configuration in table 1 for power imbalance test. 
Table 1. Power imbalance configuration

	QPSK 1/3 test
	64-QAM 3/4 test

	Desired CC at -25dBm  -  41 dB  = -66dBm
Blocker CC at -25dBm
	Desired CC at -25dBm  - 41dB + 19dB = -47dBm
Blocker CC at -25dBm


3. Conclusions

In this contribution, we provide our view on test case design for power imbalance test for intraband non-contiguous CA. Our proposals are 
Proposal 1. Define power imbalance test for intraband non-contiguous CA as band specific test. 

Proposal 2. Define power imbalance test for only intraband non-contiguous CA configuration for which operators have intention for non-collocated deployment. 

Proposal 3. Select 10MHz channel bandwidth for desired CC, 5MHz bandwidth for blocker CC and 10MHz gap for power imbalance test set up in band 3. 

Proposal 4. Consider power imbalance configuration in table 1 for power imbalance test. 
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