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1 Introduction
There are still some remaining issues left unsolved in 4Rx CA WI, including the missing TDD-FDD DC tests, the 256QAM or higher layer tests. In this contribution we further provide our view on the test structure, test scope, test scenario and the applicability rule for such etsts.
2 TDD-FDD DC tests

The TDD-FDD DC bands were introduced in [1] from Rel-13 but the performance part of TDD-FDD DC is not included in the spec from Rel-13. From Rel-14 with 4Rx introduced by taking the general test structure by apply single carrier from either FDD or TDD carrier of either 2Rx or 4Rx requirement it seems it should be good enough to only define such tests under Rel-14 since for 4Rx UEs the feature could be supported in a release independent way. So we propose to only bring the TDD-FDD DC normal demodulation TM4 tests under Rel-14 using the Rel-14 methodology. The CR is prepared in [2].
Proposal 1: Only introduce the TDD-FDD DC normal demodulation TM4 tests under Rel-14 using the Rel-14 methodology by CR in [2].

3 UE receiver structure related to 256QAM or 3 and 4 layers’ implementation
PDSCH demodulation process

From UE receiver structure point of view many parameters are very much optimized depending on different modulation orders and the numbers of layers. The basic UE receiver structure is. One of the important component of the DL chain from UE side is how to handle the PDSCH demodulation which can include many functions such as the following.
· Configuration of PDSCH chain 
· Channel estimation for DRS 

· Combining weight computation for PDSCH 

· Soft bit processing for PDSCH 

· PDSCH decoding including HARQ 

· Update of HARQ states database 

· Ack/Nack processing

We only try to take one example out of the above functionalities that are implemented in the UE side to support a proper PDSCH handling. For the combining weight computation for PDSCH to recover the data it includes the following functionalities.
1. Selective weights computation 
Combining weights are computed for the allocated frequency resources only. Combining weights can be down-sampled relative to the subcarrier positions by a factor of 1(no down-sampling, one value per subcarrier), 3 (four values per RB) or 6 (two values per RB). Down-sampling with a down-sampling factor greater than 1 starts with the lowest available channel estimation grid position within the resource allocation area. The weights are scaled to support the LLR metric computation approximating a scaled value of the log-likelihood ratio at the output of the block DSQD, which is needed for HARQ combining. The weights include all terms for the LLR computation related to the effective channel estimates, noise variance, and the modulation specific scale factors. While the weights are computed based on the reference signals, the computation also accounts for the scaling with the data-to-pilot amplitude ratio. A vector of combining weights in frequency direction is computed per receive antenna and per layer.

2. Selective Data amplitude gains computation 
Gains are proportional to the SINR of data symbols after combining, whereby it is assumed that the transmitted modulation symbol is normalized to have unit energy. The gains are needed for computation of the log-likelihood ratios in case of 16QAM or 64QAM or 256QAM. In the case of open-loop spatial multiplexing (transmission scheme 3), the gains should be provided regardless of the modulation format in use. While the gains are computed based on the reference signals, the computation also accounts for the scaling with the data-to-pilot amplitude ratio and the modulation specific scale factors. Gains are computed over the same RE grid that is used for the weight computation. There is one vector of gains in frequency direction per layer.
3. Quantization scale factor computation

The combining weights and gains include a scaling that is dependent on the modulation format and the transmission scheme, but the quantization scaling remains constant for a particular physical channel over the entire sub-frame.

For the sake of not revealing too many details on the implementation we can see the calculation of the combining weights and again are done by each TM depending on the rank which is the numner of layer. And for the scaling part a modulation-sepcifc scaling is needed since the demapping equations in the demapper assume integer QAM points for different QAM operations. Since the constellation points are transmitted at unit energy, a scaling is involved to convert the integer grid to the unit energy grid.

CSI process

And another important component in the receiver is the CSI processing which includes the following.
· The SINR calculation based on MI (mutual information) calculation

· CSI precoder calculation

Figure 1 shows a high level procedure of how the SINR is calculcated.
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Figure 1 High level overview of the functionality and computational steps for SINR calculation

And we also try to take one example here to illustrate the implementation for the SINR to MI mapping step. 
· Rational approximation of SNR to MI mapping function
The subsequent rational approximation function approximates the relation between SINR and mutual information for QPSK (m=0),16QAM (m=1),64QAM (m=2) and 256QAM (m=3). First, the SINR value is truncated with respect to the modulation order, a lower limit SINR_min,m=10-3 for m=0,…,3  and an upper limit SINR_max,m.
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Afterwards, the SINR to MI mapping is done via the rational approximation 
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where the coefficient set is chosen according to different modulation, respectively, depending on the cyclic prefix status (normal or extended), the number of Tx antennas (1,2,4) and 4 different values for the power ratio P_B, wehre we take one example for 64QAM as shown in Table 1.
Table 1 Coefficients sets for approximation of the mapping functions for PDSCH-64QAM
	A_2
	B_2
	C_2
	D_2
	E_2
	Cyclic Prefix
	Tx
	Cell-specific
ratio

	2.2331e-003 
	9.1862e-001 
	9.4677e+000 
	-8.8437e-006 
	-4.6175e-005 
	normal/ extended 
	1/2/4 
	1 

	2.3027e-003 
	9.0783e-001 
	9.8352e+000 
	-8.8828e-006 
	-7.0310e-005 
	normal 
	1 
	4/5 

	2.3905e-003 
	8.8941e-001 
	1.0178e+001 
	-8.8799e-006 
	-6.9743e-005 
	normal 
	1 
	3/5 

	2.5193e-003 
	8.5658e-001 
	1.0409e+001 
	-8.9257e-006 
	-4.9783e-005 
	normal 
	1 
	2/5 

	2.3174e-003 
	9.0546e-001 
	9.9283e+000 
	-8.8867e-006 
	-7.6615e-005 
	extended 
	1 
	4/5 

	2.4209e-003 
	8.8318e-001 
	1.0374e+001 
	-8.8666e-006 
	-7.7373e-005 
	extended 
	1 
	3/5 

	2.5737e-003 
	8.4320e-001 
	1.0692e+001 
	-8.9021e-006 
	-5.3872e-005 
	extended 
	1 
	2/5 

	2.1833e-003 
	9.2415e-001 
	9.0820e+000 
	-8.7898e-006 
	5.1935e-006 
	normal 
	2 
	5/4 

	2.3096e-003 
	9.0631e-001 
	9.8472e+000 
	-8.8830e-006 
	-6.7682e-005 
	normal 
	2 
	3/4 

	2.4164e-003 
	8.8202e-001 
	1.0162e+001 
	-8.8883e-006 
	-5.7792e-005 
	normal 
	2 
	1/2 

	2.1690e-003 
	9.2572e-001 
	8.9922e+000 
	-8.7703e-006 
	1.7175e-005 
	extended 
	2 
	5/4 

	2.3267e-003 
	9.0342e-001 
	9.9499e+000 
	-8.8866e-006 
	-7.3765e-005 
	extended 
	2 
	3/4 

	2.4550e-003 
	8.7356e-001 
	1.0368e+001 
	-8.8757e-006 
	-6.2758e-005 
	extended 
	4 
	1/2 

	2.1613e-003 
	9.2655e-001 
	8.9468e+000 
	-8.7593e-006 
	2.3242e-005 
	normal 
	4 
	5/4 

	2.3353e-003 
	9.0196e-001 
	1.0004e+001 
	-8.8874e-006 
	-7.7026e-005 
	normal 
	4 
	3/4 

	2.4736e-003 
	8.6931e-001 
	1.0480e+001 
	-8.8648e-006 
	-6.5690e-005 
	normal 
	4 
	1/2 

	2.1390e-003 
	9.2897e-001 
	8.8235e+000 
	-8.7256e-006 
	3.9670e-005 
	extended 
	4 
	5/4 

	2.3579e-003 
	8.9802e-001 
	1.0161e+001 
	-8.8855e-006 
	-8.6520e-005 
	extended 
	4 
	3/4 

	2.5203e-003 
	8.5800e-001 
	1.0817e+001 
	-8.8176e-006 
	-7.5245e-005 
	extended 
	4 
	1/2 


Observation 1: Under practical fading condition for commercial UE implementation there are many parameters optimized for each CC separately depending on the modulation order and/or number of layers for both demodulation and CSI reporting purposes.

For the 256QAM or 3 and 4 layers tests under CA it has been challenged by the UE companies that there is no need to specify such tests since the single carrier test and SDR CA tests are already defined. But actually based on the above analysis we think under CA deployment such features as 256QAM or higher layers are very important to ensure an enhanced performance than single carrier. The reason is for different CC even under intra-band contiguous condition, from RAN4 we only define the propogation channels as completely independent from each other which means under the practical fading conditions the channel condition could vary a lot among different CCs which would require a proper UE implementation under CA when the performance is ensured simultaneously among different CCs.

Observation 2: RAN4 defines the propogation channels as completely independent from each CC under CA which means under the practical fading conditions the channel condition could vary a lot among different CCs which would require a proper UE implementation under CA when the performance is ensured simultaneously among different CCs.

Proposal 1: We need to define the performance tests for 256QAM or higher layers with CA in order to reflect the practical deployment scenarios with fading conditions to ensure the propoer UE implementation under fading CA condition among different CCs simultaneously.

4 Proposals for 3 and 4 layer tests

As our intention to specify higher tests with CA is not really to stretch the UE complexity level but more to focus on the practical deployment scenarios for a proper UE implementation we are fine to only specify 2 CCs case with such tests. So it’s natural to take the maximum bandwidth combinations among any 2 CCs which support up to 4 layers as the applicability rule for such higher layer CA tests.
Proposal 2: Take the maximum bandwidth combinations among any 2 CCs which support up to 4 layers as the applicability rule for higher layer CA tests. 
The existing 3 and 4 layers tests are TM3, TM4 and TM9 we think at least one TM for CRS based and another one for DMRS based test should be introduced. We suggest take TM4 3 layers test and TM9 4 layers test from 4Rx 10MHz to be extended to more bandwidths.
Propsoal 3: Take TM4 3 layers test and TM9 4 layers test from 4Rx 10MHz to be extended to 5, 10, 15, 20MHz bandwidths as single carrier requirement to be applied to CA.

5 Proposals for 256QAM 1 and 2 layers tests

The 256QAM 1 and 2 layers test for CA should follow the same test structure and applicability rule defined for IRC demod tests. 

Proposal 4: The applicability rule for 256QAM 1 and 2 layer CA tests should follow the same applicability rule of IRC test with support up to 2CCs.
As the existing 2Rx 256QAM tests have both TM4 and TM9 but only TM4 4Rx 256QAM with 10MHz we need to extend the existing tests with 5, 10, 15, 20MHz as single carrier tests.
Proposal 5: Extend both TM4 and TM9 256QAM 1/2 layer tests single carrier tests to CA on both 2Rx and 4Rx with 5, 10, 15, 20MHz as single carrier test requirement.
6 Conclusion

In this contribution we provide our further view on how to define 3 and 4 layer and 256QAM with 1 and 2 layer CA tests for 4Rx CA WI with proposals as following.

Observation 1: Under practical fading condition for commercial UE implementation there are many parameters are optimized depending on the modulation order or number of layers for both demodulation and CSI reporting purpose.

Observation 2: RAN4 defines the propogation channels as completely independent from each other which means under the practical fading conditions the channel condition could vary a lot among different CCs which would require a proper UE implementation under CA when the performance is ensured simultaneously among different CCs.

Proposal 1: We need to define the performance tests for 256QAM or higher layers with CA in order to reflect the practical deployment scenarios with fading conditions to ensure the propoer UE implementation under fading CA condition among different CCs simultaneously.

Proposal 2: Take the maximum bandwidth combinations among any 2 CCs which support up to 4 layers as the applicability rule for higher layer CA tests. 
Propsoal 3: Take TM4 3 layers test and TM9 4 layers test from 4Rx 10MHz to be extended to 5, 10, 15, 20MHz bandwidths as single carrier requirement to be applied to CA.

Proposal 4: The applicability rule for 256QAM 1 and 2 layer CA tests should follow the same applicability rule of IRC test with support up to 2CCs.
Proposal 5: Extend both TM4 and TM9 256QAM 1/2 layer tests single carrier tests to CA on both 2Rx and 4Rx with 5, 10, 15, 20MHz as single carrier test requirement.
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