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1. Introduction
In RAN4#72 meeting, the solutions for specifying 3DL CA performance tests were discussed and a way forward on performance requirements for 3DL CA was approved [1]. According to the way forward, the left open issues are listed as follows:

· For CQI test, the solution is FFS.

· For soft buffer management test, need further study to confirm no need to specify the test for cat 6/7 UE.
· For sustained data rate test, the solution is FFS.
· For power imbalance test, need further study the deployment scenario and the solution is FFS.

In this contribution, we further discuss the above open issues for 3DL CA and provide our views.
2. CQI test

According to [1], there are three options for CQI test as follows:
· Use wideband delta CQI as the test metric 
· Option 1:
· Extend 2 DL CA CQI test to 3 DL CA 
· Define 3 cell configuration (Pcell, Scell1, Scell2)
· Determine CINR for each cell
· 12dB for Pcell, 6dB for Scell1 and 0dB for Scell 2
· Define CQI delta metric like
· CQI_Pcell - CQI_Scell1 > th1
· CQI_Scell1 - CQI_Scell2 > th2
· Option 2:
· For 3DL CA, only check the highest power and the lowest power CCs with the criteria as P(delta>=[5])>90%. 
· Option 3: for 3 DL CA, change CINRs among CCs over test duration, e.g. 
· Phase 1: (Pcell, Scell1, Scell2) CINR = (12 dB, 6 dB, 6 dB)
· Phase 2: (Pcell, Scell1, Scell2) CINR = (6 dB, 12 dB, 6 dB)
· Phase 3: (Pcell, Scell1, Scell2) CINR = (6 dB, 6 dB, 12 dB)
· Other options are not precluded.
The purpose of CA CQI test is to verify the correct CQI reporting of each carrier. 
Option 1 is to reuse the existing methodology to verify delta wideband CQI between each pair of carriers. The CQI reporting on each carrier can be tested by this solution. If we reuse the existing 6dB SNR gap, the possible CINR for each cell of 5DL CA could be 24dB for PCell, 18dB for SCell1, 12dB for SCell2, 6dB for SCell3 and 0dB for SCell4.
Option 2 is to choose the highest and lowest power CCs to test the delta wideband CQI. However, with this solution, only two carriers are tested. It cannot verify the CQI reporting performance of each CC and violates the purpose of CA CQI test.
Option 3 is like a mixture of option 1 and option 2. The CQI reporting of each CC could be tested with the multiple phases. However, it will bring some complexity to the testing. And with the increasing number of carriers, the testing complexity will be increased.
Based on the above analysis, we prefer to use option 1 and reuse the 6dB SNR gap (12dB for Pcell, 6dB for Scell1 and 0dB for Scell 2) for 3DL CA.
Proposal 1: Use option 1 to specify 3DL CA CQI test.
3. Soft buffer management test

In [1], it is agreed that:
· For category 3/4 UE, apply 2DL CA soft buffer management tests which support 3DL CA and beyond. 

· For category 6/7 UE, need further study to confirm no need to specify soft buffer management test for 3DL CA since the performance loss between with and without instantaneous buffering is marginal.

For cat 6/7 UE supporting 3DL CA, there is only one possible problematic case, i.e. 20MHz, 64QAM. Figure 1 shows the performance of UE with and without instantaneous buffer for the problematic case. It can be observed that the performance of UE with and without instantaneous buffer is very similar. Thus, there is no need to specify soft buffer management test for cat 6/7 UE [2].

Proposal 2: For category 6/7 UE, no need to specify soft buffer management test for 3DL CA.
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Figure 1: Performance of cat 6/7 UE with and without instantaneous buffer
In the existing 2DL soft buffer test, single carrier throughput is used as test metric and two coding rates (16QAM 1/2, 64QAM 0.39) are used for different bandwidths. Hence, for future CA cases with more than 3CCs, single carrier requirement of certain fixed MCS could be considered to specify the CA soft buffer requirements. 

Proposal 3: For 4~5DL CA, specify soft buffer management test based on single carrier requirement.
4. Sustained data rate test
In [1], it is agreed that:

The sustained downlink data rate shall be verified in terms of the success rate of delivered PDCP SDU(s) by Layer 2. Hence, it is not feasible to specify SDR test in terms of single carrier requirements.
If we look at the existing sustained data rate test, only two requirements are used: 85% and 95% TB success rate. When define the requirements, we run the simulation to decide which TB success rate should be applied in the testing. In [2], it is observed that the existing single carrier SDR requirements could be specified based on coding rate. If the coding rate >[0.8], 85% TB success rate will be applied; and if the coding rate <=[0.8], 95% TB success rate will be applied.
Table 1 shows the existing SDR tests for 2DL CA. In the existing test case, similar coding rates are chosen for each CC. All the coding rates>0.8, and 85% TB success rate is applied. If we could choose similar coding rate for each CC in the testing, the solution in [3] might be a possible solution to avoid duplicate simulations. 
Proposal 4: For 3DL CA, choose the similar coding rate for each CC and specify the requirements based on coding rate.
· If coding rate>[0.8], 85% TB success rate will be applied;
· If coding rate<[0.8], 98% TB success rate will be applied.

Table 1: Minimum requirement (FDD) (referred to 36.101 Table 8.7.1-3)
	Test
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

	
	
	
	TB success rate [%]

	6B
	36696 (Note 2) for 10MHz CC

55056 for 15MHz CC
	R.31-3A FDD for 10MHz carrier CC (0.85)
R.31-5 FDD for 15MHz CC (0.85)
	85

	6C
	36696 (Note 2) for 10MHz CC

75376 (Note 3) for 20MHz CC
	R.31-3A FDD for 10MHz CC (0.85)
R.31-4 FDD for 20MHz CC (0.88)
	85

	6D
	55056 for 15MHz CC

75376 (Note 3) for 20MHz CC
	R.31-5 FDD for 15MHz CC (0.85)
R.31-4 FDD for 20MHz CC (0.88)
	85

	6E
	55056 (Note 5) for two 15MHz CCs
	R.31-4B FDD for two 15MHz CCs (0.85)
	85


5. Power imbalance test

In the last meeting, some company questioned about the test scenario of CA power imbalance test. In this section, we discuss the intra-band contiguous CA deployment scenarios.
The power imbalance issue could be expected in CA deployment scenario 3 and 4 (see Table 2).
In [3], the use cases for CA deployment scenario 4 are clarified. Mobility is performed based on macro cell coverage as PCell, and RRH cells are used to improve throughput at hot spot as SCell. CA deployment scenario 4 is a useful scenario for intra-band contiguous CA. 
CA scenario 3 assumes that F1 and F2 are co-located with different antenna direction in order to provide better coverage and increase the cell edge throughput. And in the overlap coverage, F1 and F2 cells can be aggregated. Especially with the application of AAS, eNBs could adjust the antenna direction flexibly and dynamically with beamforming. Hence, CA deployment scenario 3 is also a useful scenario for intra-band contiguous CA.
Based on the above analysis, both CA deployment scenario 3 and 4 are important and useful scenarios for intra-band contiguous CA. In [4], some system simulation results are provided to validate the power imbalance scenario. Based on the results, for both scenario 3 and 4, 6dB power imbalance is observed as an appropriate testing point. Hence, such test scenarios of power imbalance should be specified for intra-band contiguous CA. 

Table 2: CA deployment scenario 3 and 4

	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
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	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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For 3DL intra-band contiguous CA, the potential use cases of CA scenario 3 and 4 are provided in Figure 2. 
For scenario 3:

· In (a), F1, F2 and F3 cells are co-located. F3 antennas are directed to the cell boundaries of F1 and F2, i.e. the F3 cell coverage is 60 degrees rotated relative to F1 and F2. It is similar to the simulation assumptions in [4] for scenario 3. 
· In (b), F1, F2 and F3 cells are co-located, but the antennas of each carrier are directed to different directions. For example, the F2 cell coverage is 40 degrees rotated relative to F1, and F3 cell coverage is 80 degrees rotated relative to F1. 
For scenario 4:
· In (c), F1 is the macro cell, F2 and F3 are the RRH cells to improve the throughput as hot spots. Note that F2 and F3 cells could be overlap. 
· In (d), F1 and F2 cells are co-located and provide macro coverage. F3 is the RRH cell.
Based on the above analysis, the power difference between PCell and SCell could be expected in scenario 3 and 4 for 3DL CA. The cases (a) (c) and (d) are very similar to the 2DL CA scenario. Hence, we believe that 6dB power difference between PCell and SCell could be reused. 
Proposal 5: Power imbalance test is needed to verify the image interference for 3DL intra-band contiguous CA.
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Figure 2: Use cases for CA deployment scenario 3 and scenario 4
6. Conclusion
In this contribution, we discuss the open issues for 3DL CA demodulation/CSI test cases. The proposals are listed as follows:
Proposal 1: Use option 1 to specify 3DL CA CQI test.
Proposal 2: For category 6/7 UE, no need to specify soft buffer management test for 3DL CA.

Proposal 3: For 4~5DL CA, specify soft buffer management test based on single carrier requirement.
Proposal 4: For 3DL CA, choose the similar coding rate for each CC and specify the requirements based on coding rate.

· If coding rate>[0.8], 85% TB success rate will be applied;

· If coding rate<[0.8], 98% TB success rate will be applied.

Proposal 5: Power imbalance test is needed to verify the image interference for 3DL intra-band contiguous CA.
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