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1. Introduction
In RAN4 #70, discussion continued regarding UE performance requirement for intraband non-contiguous CA with non-collocated deployment. WF in [1] was agreed to clarify purpose of new performance requirements. 
Propose 1: Ensure performance in Scell due to the LNA gain changing on Pcell SF border but with timing offset in SCell. 

In this contribution, we provide analyses on test framework for intraband non-contiguous CA. 
2. Scope of the test

As we highlighted in [2], performance requirement should be defined in band agnostic way to verify UE capability to overcome the effect of timing offset observed in non-collocated deployment of intraband non-contiguous CA. This is mainly to verify UE’s AGC and baseband implementation under such deployment scenario. PDSCH demodulation test with FRC would be best suited for this purpose. If we need to verify UE performance with large power imbalance, it should be investigated as an RF specification. 
Proposal 1. Define PDSCH FRC test to verify UE capability to overcome the effect of timing offset observed in non-collocated deployment of intraband non-contiguous CA. 

3. Test case design

We will analyze following issues to shape out test framework.
· Duplex mode

· bandwidth combination

· gap between CCs

· CC to check PDSCH demodulation performance
· PDSCH MCS
· Power level of Pcell and Scell
· on/off scheduling on stronger CC

· timing offset

· propagation channel

3.1. Duplex mode

As shown in table 1, intraband non-contiguous CA is defined mostly for FDD with only one TDD CA configuration defined for band 41. Thus it would be natural to prioritize FDD test. For TDD, there could be Tx-Rx overlap issue when there is large timing offset as pointed out in [3]. 
Proposal 2. Define test only for FDD. TDD tests can be addressed after Tx-Rx timing issues are cleared. 
Table 1: Intra-band non-contiguous CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_3-3
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	CA_4-4
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	FDD

	CA_7-7
	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	CA_23-23
	23
	2000 MHz
	
	2020 MHz
	2180 MHz
	
	2200 MHz
	FDD

	CA_25-25
	25
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

	CA_41-41
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD


3.2. Bandwidth combination
In order to make test case applicable to all potential intraband non-contiguous CA, it would be desirable to define a test case with bandwidth combination common to all intraband non-contiguous CA configuration. Table 2 lists all intraband non-contiguous CA configurations defined. According to table 2, 2x10MHz can be selected as common bandwidth combination with the only exception of CA_23A-23A, for which 5MHz+10MHz is the only available option. 
Proposal 3. Define test case for 2x10MHz. Whether to introduce test for 5MHz+10MHz for CA_23A-23A is TBD. 

Table 2: E-UTRA CA configurations and bandwidth combination sets defined for non-contiguous intra-band CA

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRACA configuration
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_3A-3A
	5, 10, 15, 20
	5, 10, 15, 20
	40
	0

	CA_4A-4A
	5, 10, 15, 20
	5, 10, 15, 20
	40
	0

	CA_7A-7A
	5
	15
	40
	0

	
	10
	10, 15
	40
	0

	
	15
	15, 20
	
	

	
	20
	20
	
	

	CA_23A-23A
	5
	10
	15
	0

	CA_25A-25A
	5, 10
	5, 10
	20
	0

	CA_41A-41A
	10, 15, 20
	10, 15, 20
	40
	0


3.3. Gap between CCs
In section 5.7.1A of 36.101, it is specified that, for intra-band non-contiguous CA, the channel spacing between CCs in different sub-blocks shall be larger than the nominal channel spacing defined as 
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For example, in case of 2x10MHz bandwidth combination, gap shall be larger than 10MHz. Thus, in principle, almost adjacent channel deployment is allowed. However, with a very small gap between CCs, UE will not be able to sustain large power imbalance between CCs, which is also one critical factor to be considered in non-collocated deployment of intraband non-contiguous CA. Therefore, we have to preclude very small gap between CCs. On the other hand, defining test with large gap is not desirable since such configuration might not fit into certain intraband non-contiguous CA configuration. 
As a compromise, we would like to propose to consider gap which is defined for in-band blocking test case 1 in section 7.6.1. In in-band blocking test case 1, LO frequency of interferer signal is at -BW/2 – FIoffset,case 1  or BW/2 + FIoffset,case 1 where FIoffset,case 1 = 7.5MHz. Here, 7.5MHz corresponds to BWintf  / 2 + Wgap with BWintf = 5MHz and Wgap = 5MHz. If we apply the same gap to 2x10MHz system, LO of PCC and SCC will be separated by 15MHz. 
Proposal 4. Consider 5MHz as a gap between CCs. 
3.4. CC to check PDSCH demodulation performance
When there is power imbalance between CCs in the test, we need to determine whether PDSCH demodulation performance is checked only for weaker CC or for both CCs. For in-band blocking test, demodulation performance is checked only for serving cell and UE doesn’t need to care about interfering signal. Also, in power imbalance test, PDSCH throughput is verified only for weaker CC while stronger CC just acts as interferer. For intraband non-contiguous CA test, we can also measure PDSCH throughput only on weaker CC. 
However, verifying PDSCH demodulation performance on both weaker and stronger CC could be beneficial. WF in [1] assumed that UE will change LNA gain switching on stronger CC subframe boundary, which may not be always true. Relative power between PCC and SCC changes depending on UE location in the network. UE might change LNA gain on stronger or weaker CC subframe boundary and it’s completely up to UE implementation. Thus, if we check PDSCH throughput only on weaker CC, it is not guaranteed that effect of unaligned LNA switching is always verified. Furthermore, UE’s AGC algorithm should be designed to guarantee good PDSCH demodulation performance on both CC in the presence of power imbalance. Maintaining good performance on stronger CC is as important as optimizing performance on weaker CC. Good AGC implementation can be verified by checking PDSCH throughput on both CCs. 
Proposal 5. Check PDSCH throughput on both CCs.

3.5. PDSCH MCS
In WF [1], both MCS 5 and MCS 20 were proposed for simulation assumption. Since any effect due to LNA gain switching in the presence of timing offset acts as additional impairment independent of AWGN level, UE performance in the presence of timing offset would be better discriminated for MCS 20 than MCS 5. Figure 1 shows PDSCH demodulation performance based on the simulation assumption in [1]. It can be observed that MCS 20 is more sensitive to timing offset than MCS 5. 
Proposal 6. Define performance requirement for PDSCH with high MCS. MCS 20 is a good candidate. 

3.6. Power level of Pcell and Scell
Assuming that 5MHz is adopted as gap between CCs as proposed in section 3.3, we can determine the power level of each CC as follows. 
· For in-band blocking test case 1, serving cell power level is defined at reference sensitivity level + 6dB and interference power is at -56dBm. In case reference sensitivity is -94dBm, serving cell power is -88dBm and power difference between serving and interference cell is 32dB. 
· For determination of power level in CA demodulation test, we would like to use injected AWGN and CINR instead of reference sensitivity level. This approach will allow us to define test set up independent of CA configuration. If we choose reference sensitivity level, power level will vary according to CA configuration. For injected AWGN, we can consider -98dBm/15kHz as starting value and investigate other value if it turns out to be inappropriate. 
· Weaker cell power can be defined in terms of CINR. CINR should be defined based on simulation alignment among companies. 
· Stronger cell power can be defined based on weaker cell power and power imbalance between CCs. For in-band blocking test, 32dB power difference is used for QPSK demodulation. We should reduce power imbalance to allow UE to decode 64-QAM in fading channel. 
· The amount of reduction in power imbalance can be derived from the difference in required CINR between QPSK and 64-QAM. For example, according to figure 1, there are around 15~17dB difference in required CINR to achieve 70% throughput. After adding fading margin, 19dB would be good candidate number. 
· Stronger cell power will be weaker cell power + (32 – 19) dB. 
Proposal 7. Determine the power level of CCs according to the procedure in section 3.6.
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(a)  MCS 20, EPA200L                                                           (b) MCS 20, EPA70L
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(c) MCS 5, EPA200L                                                           (d) MCS 5, EPA70L

Figure 1. Effect of timing offset on PDSCH performance

3.7. On/off scheduling on stronger CC
On/off scheduling on stronger cell would generate larger input power fluctuation, which in turn trigger more often LNA gain switching. Per-SF random scheduling with 50% loading would generate largest input power fluctuation and thus would guarantee UE performance in worst case scenario. 
Proposal 8. Consider per-SF random PDSCH scheduling with 50% loading on stronger cell. 
3.8. Timing offset

In figure 1, the effect of positive and negative timing offset was evaluated under same MCS and propagation condition. For MCS 20 and EPA200L channel, we see slightly larger performance degradation when timing offset is -30 us than 30us. With negative timing offset, first OFDM symbol in a SF is affected by LNA switching while last OFDM symbol is affected with positive timing offset. Since first OFDM symbol has CRS, negative timing offset has bigger effect on PDSCH demodulation performance. 
Proposal 9. Configure timing offset of -30us in the test.

3.9. Propagation channel

We evaluated the effect of LNA gain switching in EPA70L and EPA200L channel as shown in figure 1. It can be seen that performance degradation is larger in channel with higher Doppler frequency. When Doppler frequency is 70Hz, performance degradation is marginal even for MCS 20. 
Proposal 10. Define performance requirement in EPA200L channel. 
4. Conclusions

In this contribution, we provide our analyses on test framework for intraband non-contiguous CA. Our proposals are
Proposal 1. Define PDSCH FRC test to verify UE capability to overcome the effect of timing offset observed in non-collocated deployment of intraband non-contiguous CA. 

Proposal 2. Define test only for FDD. TDD tests can be addressed after Tx-Rx timing issues are cleared.
Proposal 3. Define test case for 2x10MHz. Whether to introduce test for 5MHz+10MHz for CA_23A-23A is TBD. 

Proposal 4. Consider 5MHz as a gap between CCs. 

Proposal 5. Check PDSCH throughput on both CCs.

Proposal 6. Define performance requirement for PDSCH with high MCS. MCS 20 is a good candidate. 

Proposal 7. Determine the power level of CCs according to the procedure in section 3.6.

Proposal 8. Consider per-SF random PDSCH scheduling with 50% loading on stronger cell. 

Proposal 9. Configure timing offset of -30us in the test.

Proposal 10. Define performance requirement in EPA200L channel. 
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