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1 Introduction
In the last meeting, RAN 4 discussed how to handle 4 CRS APs in the context of NAICS Rel-12, and in particular its prioritization wrt 2 CRS APs. It was pointed out that 4CRS APs deployments in the Rel-12 NAICS’ context should not be penalized compared to 2 CRS APs to avoid vanishing operators’ investments; any down-prioritization of 4 CRS APs would have this effect.   Some companies have raised concerns related to the complexity when PMI and RI blind detection has to be performed for 4 CRS APs. In particular, the complexity of the PMI detection is increased compared to the 2 CRS APs case, due to 16 potential precoders to search for when using rank 1 and rank 2 compared to 4 and 2 precoder searches for 2 CRS APs.

Hence, in this document we provide complexity analysis to compare the computational cost when PMI and RI blind detection has to be performed for 4 CRS APs wrt the cost when the same operation is performed for 2 CRS APs, and we propose a way forward. It should be noted that document [1,2] shows already that performance gains can be achieved with NAICS receiver for 4CRS APs similar to the case of 2CRS APs. 

1.1 Complexity analysis for 4 CRS APs
In order to analyse the complexity we consider the following signal model : 

 The received signal of a Nx2 MIMO system may be modelled as:
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Where, for convenience and without loss in generality, we neglect the noise term.

In Equation (1)

· ‘
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’ is a 2xN matrix of channel responses per subcarrier, with the rows corresponding to UE Rx antennas and the columns corresponding to eNB Tx antennas.

· ‘
[image: image3.wmf]W

’is a Nx2 precoding matrix, with the rows corresponding to eNB Tx antennas and the columns corresponding to layers

· ‘
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’ is a 2xM matrix of modulation symbols, with the rows corresponding to layers and the columns corresponding to subcarriers and/or OFDM symbols

· ‘
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’ is a 2xM matrix of received symbols, with the rows corresponding to UE Rx antennas and the columns corresponding to subcarriers and/or OFDM symbols (or REs), and where each symbol has unity power.

An example of methodology which ccan be used in order to detect rank and PMI is to compute several covariance matrices based on all possible PMI/rank hypothesis and to compare the built in covariance matrix with the data-based covariance matrix obtained from the received signal.
In the following we assume that the channel coefficients are constant over M subcarriers and/or OFDM symbols (or REs), and hence can be represented by a single matrix H.
We hence divide the analysis into 2 parts and we analyze the complexity of the two parts:

Part 1: hypothetical covariance matrix

Part 2: received signal based covariance matrix

1.1.1 Part 1: Building the hypothetical covariance matrix

By assuming that the symbols on the two layers are orthogonal (in order for the approximation to hold, M must be large enough for the layers to decorrelate), then the received covariance can be estimated using the estimated channel 
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and each hypothesized precoding matrix
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as follows:
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(2)
where x is a scalar that takes the values x=0 in case of rank 1 and x=1 in case of rank 2. 
If we split the hypothesized precoding matrix 
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 the approximation becomes (neglecting the term M):
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(3)
In the following we compute the complexity in terms of complex multiplications. We consider that 8 bits fixed point complex multiplications can be used. Each complex multiplication requires 4 real addition, hence each complex multiplications, implemented over 8 bits, requires 8x4=32 real additions. Scaling a complex number by a real factor is (without considering any optimization) ½ of the complexity of a full complex multiplication.    

In order to compute the hypothetical covariance matrix the following steps could be performed:

1. Computing the hypothetical composite channel 
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: In case of 2 CRS APs this multiplication can be implemented using only complex addition as the 2 antenna codebook consists entirely of a QPSK alphabet which eliminates the need for any complex multiplications since all codebook multiplications use only 
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and 
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. The 4 antenna codebook does contain some QPSK entries which require a 
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 magnitude scaling as well, in particular 4 of the 16 
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vectors defined in 36.211 contains 
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products (for each of these 4 cases, only 2 elements per precoding vector contains the 
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factor). In addition the nested structure of the householder codebook limits the complexity of the joint PMI/rank blind detection in case of rank 2 transmission, i.e. for a given rank 1 PMI vector 
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, there is only one rank 2 PMI vector 
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. So, once a rank 1 covariance estimate is found, there is only one corresponding rank 2 covariance estimate, and that is formed by adding the term corresponding to the second PMI vector as shown in Equation (3). Hence, we can conclude that the following complexity applies:
a. For 2 CRS APs, rank 1: 4 PMI vectors * 1 complex addition per PMI* 2 receive antenna = 8 complex addition which corresponds to 16 real additions and 0.5 complex multiplications
b. For 2 CRS APs, rank 2: 2 PMI matrices* 2 complex additions per PMI * 2 receive antennas = 8 complex addition which corresponds to 16 real additions and 0.5 complex multiplications
c. For 4 CRS APs, rank 1: 16 PMI vectors* 3 complex additions per PMI * 2 receive antennas = 96 complex additions which corresponds to 192 real additions and 6 complex multiplications. In addition, 8 elements need to be multiplied by 
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factor, which considering the hypothesis above is equivalent to 4 full complex multiplications. Hence this operation requires 10 complex multiplications in total (in the worst case condition without assuming any optimization nor for the PMI multiplications nor for the 
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scaling factor). 
d. For 4 CRS APs, rank 2: same complexity as for rank 1 considering only the additional vector 
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2. Computing the covariance matrix 
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. This operation requires 4 complex multiplications per rank and per PMI, in dependently from the number of CRS APs. Hence,
a. For 2 CRS APs, rank 1: 4 PMI vectors * 4 complex multiplications = 16 complex multiplications

b. For 2 CRS APs, rank 2: 4 PMI vectors * 4 complex multiplications = 16 complex multiplications

c. For 4 CRS APs, rank 1: 16 PMI vectors * 4 complex multiplications = 64 complex multiplications

d.  For 4 CRS APs, rank 2: 32 PMI vectors * 4 complex multiplications = 128 complex multiplications

Observation 1. Computing the estimated covariance 
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is significantly more complex than applying the codebook to find the composite channel hypotheses. In other words, the number of PMI hypotheses rather than the number of CRS antenna ports drives complexity.
1.1.2 Part 2: Computing the covariance matrix of the received symbols
In this section the covariance matrix of the received symbols is computed
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Which requires ~3M complex multiplications (neglecting the real adds which corresponds to a much lower order of magnitude in terms of complex multiplications) 
Considering 1PRB pair (and assuming a maximum PDCCH span of 3 OFDM symbols, no synchronization signals, and no CSI-RS configured), 120 REs could be utilized for PDSCH transmission in the case of 2 CRS APs.  When 4 CRS APs are used, 116 REs could be utilized for PDSCH transmission. Hence, M=120 and M=116 are reasonable values of M for the cases of 2 CRS APs and 4 CRS APs, respectively..  Therefore, to compute 
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as per Equation (4), about 3*120=360 and 3*116=348 complex multiplies could be needed for the cases of 2 CRS APs and 4 CRS APs, respectively.
Observation 2: Computing the covariance matrix of the received symbols is significantly more complex than the building the overall hypothetical covariance matrix for all the possible PMI. to compute 
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as per Equation (4), about 3*120=360 and 3*116=348 complex multiplies could be needed for the cases of 2 CRS APs and 4 CRS APs, respectively.
1.1.3 Overall Complexity comparison

In this section we compute the overall complexity for the determination of the PMI and RI for both 2 CRS APs and 4 CRS APs and for both rank 1 and rank 2, by assuming 1 PRB pair is considered for the blind detection estimation. 
	Case
	Hypothetical covariance matrix
	Covariance matrix of received symbol
	Overall complexity
	Ratio wrt to 2 CRS APs

	2 CRS AP, rank = 1
	16.5
	360
	376.5
	1

	2 CRS AP, rank =2
	16.5
	360
	376.5
	1

	4 CRS AP, rank = 1
	74
	348
	422
	1.12

	4 CRS AP, rank = 2
	148
	348
	496
	1.32


Note that the analysis is carried on under the assumption that the channel is constant over M, as mentioned in Section 1.1. This is considered to be a reasonable hypothesis when M corresponds to 1 PRB-pair.
Figure 1 shows the ratio of the complexity with 4 CRS APs, RI=2 vs the complexity obtained with 2 CRS APs, (RI=2) as a function of the number of precoders used for 4 CRS APs (from 1 to 16) in case when equal number of precoders are considered for RI=1 and in case a fixed amount of precoders are considered for RI=1. As example, if 8 precoders are considered for RI=2 and 12 precoders for RI=1 the overall complexity of PMI detection for 4 CRS APs would increase by a factor 1.15 (rather than 1.32).
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Figure 1. Ratio of the complexity with 4CRS APs, RI=2 vs the complexity obtained with 2 CRS APs, RI=2 as a function of the number of precoders used for 4 CRS APS for RI=1 (from 1 to 16) in case when equal number of precoders are considered for RI=1 and in case a fixed amount of precoders are considered for RI=1.
Observation 3: The complexity for 4 CRS APs is 1.32 times higher than the complexity of 2 CRS APs for RI=2 when all the 16 precoders are considered for both RI=1 and RI=2. Lower complexity factors could be obtained by selecting independently the amount of precoders for RI=1 and RI=2. The complexity is 1.12 times higher than the complexity of 2 CRS APs for RI=1 when all the 16 precoders are considered. Note that these values are obtained without any sort of complexity optimization (worst case condition). 
It can be concluded that the complexity of PMI/RI detection for 4CRS APs is not the bottleneck for 4CRS APs operation even when the complete set of precoders is considered for both RI=1 and RI=2.
However, if complexity is still considered to be problematic it could be reduced by considering a reduction of the codebook set if deemed necessary. However, this reduction will potentially lead to system performance degradation. Hence, if codebook subset restriction is deemed necessary, RAN 1 should be informed in order to perform system level analysis.

2 Conclusions

In this paper we have analyzed the complexity of 4 CRS APs vs 2 CRS APs. The following observations can be made in terms of complexity:

Observation 1: Computing the estimated covariance 
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is significantly more complex than applying the codebook to find the composite channel hypotheses. In other words, the number of PMI hypotheses rather than the number of CRS antenna ports drives complexity.

Observation 2: Computing the covariance matrix of the received symbols is significantly more complex than the building the overall hypothetical covariance matrix for all the possible PMI. To compute 
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as per Equation (4), about 3*120=360 and 3*116=348 complex multiplies could be needed for the cases of 2 CRS APs and 4 CRS APs, respectively.

Observation 3: The complexity for 4 CRS APs is 1.32 times higher than the complexity of 2 CRS APs for RI=2 when all the 16 precoders are considered for both RI=1 and RI=2. Lower complexity factors could be obtained by selecting independently the amount of precoders for RI=1 and RI=2. The complexity is 1.12 times higher than the complexity of 2 CRS APs for RI=1 when all the 16 precoders are considered. Note that these values are obtained without any sort of complexity optimization (worst case condition). 
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