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1 Introduction
In the RAN4 meeting #72bis, the way forwards on 3DL CA was agreed in [1], and according to the email discussion the simulation results provided in [2] seemed acceptable to the group. In this contribution we will provide the simulation results and discuss the remaining issues for 3DL CA demodulation performance requirements.
2 Previous agreements
The agreements in [1] are provided below:
· Normal demodulation test
· The existing single carrier requirements could be reused for CA single carrier performance. No extra margin is needed. 
· Define the single carrier performance for all bandwidths, including 1.4MHz/3MHz/5MHz/10MHz/15MHz/20MHz.
· Interested companies are encouraged to provide single cell simulation results for alignment next meeting.

· The simulation assumptions are referred to R4-14xxxx

· FFS whether to Introduce TM9 CA demodulation tests within Rel-12 timeframe.
· CQI test
· Use wideband delta CQI as the test metric 

· 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

· Similar methodology can be considered to be used for CA with more than 3CCs.
· Soft buffer management test
· For 3DL CA, 

· For category 3/4 UE, apply 2DL CA soft buffer management tests. 
· For category 6/7 UE, no need to specify soft buffer management test for 3DL CA since the performance loss between with and without instantaneous buffering is marginal. 

· For 4~5DL CA, the methodology is FFS.
· Sustained data rate test

· For category 6~12 UE, use the same methodology to specifying SDR test as existing SDR test.

· For UE category 9, 10, 11 and 12

· Define the 3DL CA SDR requirements for category 9 and 10 UE to cover the largest aggregated bandwidth combination:

· The requirements are applicable to UE category 11 and 12 with support of 64QAM;

· Apply the existing 2DL CA SDR requirements to category 9, 10, 11 and 12 UE  which support only 2DL CA;

· Do not define the single carrier SDR requirements for category 9, 10, 11 and 12 UE.

· For UE category 6 and7, 

· For category 6 and 7 UE supporting 3DL CA but with the largest aggregated bandwidth less than or equal to 40MHz, apply the defined 3DL CA SDR requirements according to the largest bandwidth combination.

· For category 6 and 7 UE supporting 3DL CA but with the largest aggregated bandwidth larger than 40MHz , apply the 2DL CA SDR requirements according to the supported largest 2CC aggregated bandwidth. 
· Power imbalance test

· For 3DL intra-band contiguous power imbalance test, fall back to 2DL power imbalance test.
3 Discussion on the remaining issues
3.1 Bandwidth combinations for 3DL CA performance requirements

One remaining issues is for what bandwidth combinations the CA demodulation performance requirements should be specified considering the agreed applicability of testing the largest aggregated bandwidth configuration. One proposal is to list all the possible bandwidth combinations on the condition that the bandwidth of individual CC is larger than or equal to 5MHz. We fully understand the intention. But the concern is that we will introduce many test cases and actually some of them will never be used.

In our view, the main purpose of this work item is to provide a flexible specification structure instead of finalizing the requirements once for all. We propose to define the requirements considering only the largest aggregated bandwidth combination of the existing CA configurations. In that way, maybe we can cover more than 80% cases. In the future, if there was a new bandwidth combination coming, we could easily add a new one.

· Proposal 1: The issue for introduction of TM9 CA demodulation performance requirements should be discussed in TEI-12.

3.2 Normal demodulation test
According to the agreed way forward the only remaining issue for normal demodulation test is whether to introduce TM9 CA demodulation tests within Rel-12 timeframe. But this topic is not within the scope of the WI of LTE_CA_Mult-Perf. The objective of the WI clear said that specify normal demodulation tests (TM1, TM3, TM4 CA tests) based on single carrier performance requirement if the CA performance can be specified in terms of single carrier performance and provide a flexible specification structure.
In our opinion whether to introduce TM9 CA test case should be discussed under TEI-12 or new WI instead of in this work item. And in TEI-12 agenda, we have another contribution to discuss this issue.
· Proposal 2: The issue for introduction of TM9 CA demodulation performance requirements should be discussed in TEI-12.
3.3 Soft buffer management test
The remaining issue is how we can handle the soft buffer management tests in the future for 4~5DL CA configurations, since this WI targets at the future-proof specification structure.

For UE category 3 and 4, the soft buffer size is designed based on the single carrier assumption. When category 3/4 UE supports 2DL CA, the required soft buffer size approximately doubles compared to their soft buffer. As a result, the soft buffer limitation issue happens.
For UE category 6 and 7, the situation changes a bit. The UE category 6 and 7 are designed for supporting 2DL CA. The required soft buffer size from supporting 2DL to 3DL does not increase such significantly (approximately 1.5 times) that easily leads to soft buffer limitation issue.
Therefore if in general we can agree that the UE categories targeting at support of N-DL CA should support up to (N+1)-DL CA configurations, then there would be no significant soft buffer issue when N>2.

· Proposal 3: we propose the following principles when designing the soft buffer management test for 4~5 DL CA

· If a UE category which is designed for supporting N-DL CA is only required to support up to (N+1)-DL CA configurations, then there would be no significant soft buffer limitation issue when N>2 and no new soft buffer management test will be specified for that UE category.
· Otherwise, the single carrier performance approach is used to specify the soft buffer management requirement.
3.4 Power imbalance test
In the last RAN4 meeting, we propose to test SCell throughput to facilitate the selection of MCS and at the same time not to violate the specification that the power level of SCell is only allowed to be 6dB higher than that of PCell. But during the email discussion the proposal is re-changed to check the performance on PCell again. Actually we are OK with either way. But we prefer our original proposal.

· Proposal 4: for the intra-band contiguous CA power imbalance test with the bandwidth combination other than 20MHz+20MHz, it is proposed to
· Use the same IMCS as those used in the existing 20MHz+20MHz power imbalance tests (FDD/TDD);
· Check the SCell throughput performance only;

· Configure the PCell power level (6+X)dB higher than SCell power level, where X is the difference of SNR compared to 20MHz CC performance at 85% relative throughput.
3.5 Sustained data rate test
In the last meeting, the problem of applying the single carrier based performance approach was identified because the performance of sustained data rate will be verified in PDCP layer where the data from separate CCs have been combined.

But the observation is still valid that only 85% and 95% levels are used as the test metric. For the case where the TB size is mainly limited by UE category and transmitting data across the whole bandwidth will be beyond the capability of UE category, 95% will be used. For the case where the TB size is mainly limited by bandwidth and the largest feasible bandwidth is selected, 85% will be used.

Therefore we propose that

· Proposal 5: for 3DL CA sustained data rate requirements, it is proposed to

· Apply 85% TB success rate as the reference level for the test where the largest feasible ITBS (with coding rate < 0.93) is selected for the CC with a certain bandwidth and under the following conditions:

· TM3 2-layer transmission, 2×2 static channel and 64QAM;

· Allocate the TB size in the way such that the coding rates on separate CCs will be the same as much as possible.

In that way, the reference levels for the proposed test cases in Section 4.4.1 will be 85%. The detailed parameters are given in the accompanied paper.

4 Simulation results
In this section, we will provide the simulation results for alignment according to the simulation assumptions given in [2].
4.1 Normal test
To get the normal requirements for different bandwidth, we propose that:

· Proposal 6: it is proposed to compare the average value of the alignment simulation results under a given bandwidth from companies with the average value of alignment simulation results for 10MHz bandwidth, and calculate the performance difference. And add the difference to the existing 10MHz requirements (with impairment margin) for FDD or 20MHz requirements for TDD to obtain the final normal CA single carrier requirements under different bandwidths.
4.1.1 TM1 performance
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Figure 1: Simulation results for TM1 single carrier (FDD)
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Figure 2: Simulation results for TM1 single carrier (TDD)
4.1.2 TM3 performance
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Figure 3: Simulation results for TM3 single carrier (FDD)
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Figure 4: Simulation results for TM3 single carrier (TDD)
4.1.3 TM4 performance
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Figure 5: Simulation results for TM4 single carrier (FDD)
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Figure 6: Simulation results for TM4 single carrier (TDD)
4.2 Sustained data rate test
The sustained data test results are given in Figure 7 and Figure 8 for FDD and TDD respectively.
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(a) Absolute throughput
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(b) Relative throughput

Figure 7: Simulation results for FDD power imbalance
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(a) Absolute throughput
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(b) Relative throughput
Figure 8: Simulation results for TDD power imbalance
4.3 CQI test
In this section we provide the simulation results for 3DL CA CQI test. In [2] the test cases and parameters are given, where 8 bandwidth combinations are considered for FDD CA and 2 bandwidth combinations are considered for TDD CA. It would be difficult to cover all the possible case. Since AWGN is used and no data is scheduled, we only choose 3x20 test cases for simulation.
And we use the test metrics below and follow the agreed way forward:

· Use wideband delta CQI as the test metric 

· 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
Based on the simulation results, we propose that

· Proposal 7: it is proposed to reuse the existing threshold as the requirements of delta CQI for both FDD and TDD CA CQI tests, i.e., th1 = th2 =2.
4.3.1 FDD
Table 1 provides the delta CQI distributions for th1 and th2 for FDD CA.
Table 1: Distribution of delta CQI (FDD)
	Test metric
	CQI difference (wideband CQIPcell – wideband CQIScell1 or wideband CQISCell1 – wideband CQISCell2)

	
	3
	4
	5

	th1
	89.3%
	10.6%
	0.1%

	th2
	86.5%
	13.2%
	0.3%


4.3.2 TDD
Table 2 provides the delta CQI distributions for th1 and th2 for TDD CA.

Table 2: Distribution of delta CQI (TDD)

	Test metric
	CQI difference (wideband CQIPcell – wideband CQIScell1 or wideband CQISCell1 – wideband CQISCell2)

	
	3
	4
	5

	th1
	89.4%
	10.6%
	0.0%

	th2
	86.6%
	13.3%
	0.1%


5 Conclusions
In this contribution, we discuss the CA demodulation performance and CQI requirements for 3DL CA. Below we summarize the proposals and observations.
· Proposal 1: The issue for introduction of TM9 CA demodulation performance requirements should be discussed in TEI-12.

· Proposal 2: The issue for introduction of TM9 CA demodulation performance requirements should be discussed in TEI-12.

· Proposal 3: we propose the following principles when designing the soft buffer management test for 4~5 DL CA

· If a UE category which is designed for supporting N-DL CA is only required to support up to (N+1)-DL CA configurations, then there would be no significant soft buffer limitation issue when N>2 and no new soft buffer management test will be specified for that UE category.

· Otherwise, the single carrier performance approach is used to specify the soft buffer management requirement.

· Proposal 4: for the intra-band contiguous CA power imbalance test with the bandwidth combination other than 20MHz+20MHz, it is proposed to

· Use the same IMCS as those used in the existing 20MHz+20MHz power imbalance tests (FDD/TDD);

· Check the SCell throughput performance only;

· Configure the PCell power level (6+X)dB higher than SCell power level, where X is the difference of SNR compared to 20MHz CC performance at 85% relative throughput.

· Proposal 5: for 3DL CA sustained data rate requirements, it is proposed to

· Apply 85% TB success rate as the reference level for the test where the largest feasible ITBS (with coding rate < 0.93) is selected for the CC with a certain bandwidth and under the following conditions:

· TM3 2-layer transmission, 2×2 static channel and 64QAM;

· Allocate the TB size in the way such that the coding rates on separate CCs will be the same as much as possible.

· Proposal 6: it is proposed to compare the average value of the alignment simulation results under a given bandwidth from companies with the average value of alignment simulation results for 10MHz bandwidth, and calculate the performance difference. And add the difference to the existing 10MHz requirements (with impairment margin) for FDD or 20MHz requirements for TDD to obtain the final normal CA single carrier requirements under different bandwidths.
· Proposal 7: it is proposed to reuse the existing threshold as the requirements of delta CQI for both FDD and TDD CA CQI tests, i.e., th1 = th2 =2.
And the simulation results are provided in this contribution for alignment.
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