3GPP TSG-RAN WG4 Meeting #72bis                                                              R4-146269
Singapore, Singapore, 6th-10th Oct, 2014
Agenda Item:
7.12.1
Source: 
Ericsson
Title: 
Receiver type and complexity analysis for 4 CRS AP for NAICS receivers for UE demodulation
Document for:
Discussion
1 Introduction

The supporting 4 CRS AP in NAICS WI in Rel-12 have been discussed in previous RAN4 meetings and it’s still left open for the performance phase to decide if such UE performance requirements will be defined or not. 
In this contribution we provide system and link level results for 4 CRS AP with NAICS receivers comparing to 2 CRS AP and bring analysis of complexity on 4 CRS AP with different candidate receivers comparing to 2 CRS AP with proposals.
2 System and link level results for 4 CRS AP
2.1 System level results
Figure 1~3 give the system level simulation results comparing between 4 CRS AP and 2 CRS AP with E-IRC and IRC receivers. Figure 1 gives the mean user bit rate, Figure 2 gives the 5%-tile cell edge bit rate and Figure 3 is the resource utilization. 
The simualation assumptions from system level are listed below.
· NAICS Scenario 1 with 4Tx and 2Rx

· TM4 with Colliding CRS

· 21 Cells

· 0.500 Mbyte file size

· CSI feedback based on MMSE-IRC (Mode 3-1, 5ms)
· OLLA with 10% BLER

· For 2 and 4 CRS NAICS -> E-IRC with 1 interferer cancelled
So from system level the NAICS gain comparing to IRC is around 10~20% which is comparably the same between 4 CRS AP and 2 CRS AP.

Observation 1: From system level the NAICS gain compared to IRC is around 10~20% which is comparably the same between 4 CRS AP and 2 CRS AP.

Furthermore Figure 4 and 5 give system level performance for TM4 and TM9 with SLIC and E-IRC when 1 or 2 NC PDSCH interferers are cancelled. It can be seen there is no visible performance difference between SLIC and E-IRC.

Observation 2: From system level there is no performance difference seen between E-IRC and SLIC for both CRS-based TM and DM-RS based TM test scenarios.
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Figure 1 Mean user bit rate
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Figure 2 Cell edge bit rate
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Figure 3 Resource utilization
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Figure 4 TM4 system level with SLIC and E-IRC
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Figure 5 TM9 system level with SLIC and E-IRC

2.2 Link level results

Figure 6 and 7 show the the TP results for SLIC and E-IRC based on TM4 with CRS AP as 2 and 4, MCS= [5,5,5], RI= [1,1,1], 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1 with interfering cell with Rank 1.

Observation 3: From link level typical scenario under the test purpose of NAICS gain as indicated in [2] the performance difference between SLIC and E-IRC is less than 0.5dB.
This is in line with the link level results shown in [1].
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Figure 6 TP for SLIC for 5~25% geometry 50%-tile@I1/Noc with TM4
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Figure 7 TP for E-IRC for 5~25% geometry 50%-tile@I1/Noc with TM4
Based on the observation made both from system and link level it can be concluded that from performance wise it’s good NAICS gain achieved by 4 CRS AP and from system level there is no risk to promote E-IRC receiver in NAICS to set up performance requirement.

Proposal 1: From performance perspective 4 CRS AP should be supported in NAICS WI.

Proposal 2: E-IRC can be used to set up performance requirement with no risk of losing system performance.

3 Complexity analysis for 4 CRS AP 

From complexity perspective it has been analysed in [6] there is no technical bottleneck to support 4 CRS AP with the observations made as following.
Observation 4: For SLIC receiver based on data covariance,
· For TM2/TM3 the complexity related to 4CRS APs can be considered as similar to that of 2CRS APs.

· For TM6 and TM4 the complexity of 4CRS APs is higher wrt the complexity in case of 2CRS APs by approximately a factor of 1.3 for TM4 and 1.12 for TM6 when blind detection is performed on 1 PRB-pair.  These factors are derived without considering any implementation optimization which would reduce considerably the above mentioned factors.

The analysis is based on SLIC receiver with data covariance estimation. With E-IRC the complexity can be further reduced without actual interference cancellation operation. And E-IRC can also further provide more robust BD.
Observation 5: E-IRC can further reduce the complexity from SLIC and meanwhile have more robust BD.
Then during RAN4#72 meeting it was raised in [4] the complexity to support 4 CRS AP can be up to 5 times comparing to 2 CRS AP based on a full blow ML receiver. This complexity of the ML detection can actually be reduced by using QR-decomposition [5].
The complexity associated with the square distance calculation 
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 can be further simplified via the QR-decomposition.  Given a orthogonal rotation matrix[image: image10.png]


, it can be shown that minimizing 
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.  Further details about the associated complexity are given below.
Case with # of Interfering Layers = 1 (
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.  Then, the rotation matrix is given by [image: image22.png]



The rotated effective interference matrix is given by
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The received signal vector can then be rotated as:
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(16 Real ‘x’ and 20 Real ‘+’)

The total complexity of QR decomposition for 
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Revised complexity of square distance calculation [image: image29.png]|y's = H'ers imerserring xSill



 is 4 Real Xs and 3 Real +s.
Case with # of Interfering Layers = 2 (
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.  The rotation matrix is given by [image: image34.png]



The rotated effective interference matrix is given by
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Exploiting the nested property of the codebook, we only need to calculate the 2nd column of [image: image38.png]H'ot inerferring k



.  The complexity associated with these is 16 Real Xs and 20 Real +s.  It should be noted that [image: image40.png]


 doesn’t need to be calculated again due to the nested codebook property.

Revised complexity of square distance calculation [image: image42.png]|y's = H'ers imerserring xSill



 is 12 Real Xs and 20 Real +s for 2 layers
Then we follow the same 3 steps illustrated in [4] as following. 
Step #1: 
Computing the equivalent hypothetical channel matrix for each candidate interfering PMI hypothesis.

Step #2: 
Computing the squared distance metric for each candidate interfering PMI hypothesis over joint constellation symbols for given considered candidate joint constellation.

Step #3: 
Factoring results of Steps #1 and #2, we establish the complexity of the search for the minimum over squared distances in Equation (1) over the 
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Table 1 and 2 are the same as listed in [4]. Table 3~6 are recalculated by using QR-decomposition
Table 1: Computational complexity of equivalent channel matrix construction for 2 CRS AP
	# of layers
	Codebook Index
	Computational complexity of the operation 
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	Notes

	
	
	# of real-valued multiplications
	# of real-valued additions
	

	1
	{0,1,2,3}
	4
	4
	Exploiting QPSK alphabet

	2
	{1,2}
	8
	0
	Exploiting the nested property of the codebook, at the expense of increased memory consumption

	Average computational complexity per codebook element
	5.33
	2.67
	Reference


Table 2: Computational complexity of equivalent channel matrix construction for 4 CRS AP
	# of layers
	Codebook Index
	Computational complexity of the operation 
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	Notes

	
	
	# of real-valued multiplications
	# of real-valued additions
	

	1
	{0,1,2,3,8,9,10,11,12,13,14,15}
	4
	12
	Exploiting QPSK alphabet

	1
	{4,5,6,7}
	12
	20
	Increased complexity due to additional scaling by  
[image: image47.wmf]2

/

1
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	2
	{0,1,2,3,4,5,10,11,12,13,14,15}
	4
	12
	Same complexity as for 1 layer counterpart, exploiting QPSK alphabet and nested property of the codebook, at the expense of increased memory consumption

	2
	{6,7,8,9}
	10
	20
	

	Average computational complexity per codebook element
	5.75
	14
	1.08 x more real-valued multiplications per codebook element vs. 2 CRS AP

5.25 x more real-valued additions per codebook element vs. 2 CRS AP


Table 3 Revised complexity of QR decomposition operation (same complexity for 2 and 4 CRS AP)
	Total transmission rank 
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	Computational complexity of the operations [image: image50.png]


 and

[image: image51.png]H.rrw =QuHosr i




	Notes

	
	# of real-valued multiplications
	# of real-valued additions
	

	2
	20
	23
	

	3
	16
	20
	Exploiting the nested property of the codebook, at the expense of increased memory consumption


Table 4 Revised complexity of square distance calculation (same complexity for 2 and 4 CRS AP)

	Total transmission rank 
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	Computational complexity of the operations [image: image54.png]ly's — H'orresill”




	Notes

	
	# of real-valued multiplications
	# of real-valued additions
	

	2
	4
	3
	

	3
	12
	20
	


Table 5 Revised computational complexity of Equation (1) with QR decomposition for 4 CRS AP
	Total rank 
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	# of interfering layers
	Codebook Index
	Complexity of 
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  for each codebook index
	Notes

	
	
	
	# of real-valued multiplications
	# of real-valued additions
	

	2
	1
	{0,1,2,3,8,9,10,11,12,13,14,15}
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	2
	{0,1,2,3,4,5,10,11,12,13,14,15}
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Table 6 Revised overall computational complexity of blind estimation of dynamic parameters, 2 vs 4 CRS AP

	Number of CRS AP
	Complexity of blind estimation of dynamic parameters with 
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	Notes

	
	# of real-valued multiplications
	# of real-valued additions
	

	2 CRS AP
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2.2 x (88/40) reduction in real-valued multiplications than originally reported by [4]
2.5 x (130/52) reduction in  real-valued additions than originally reported by [4].



	4 CRS AP
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2 x (512/256) reduction in real-valued multiplications than originally reported by [4].
2 x (736/368) reduction in  real-valued additions than originally reported by [4].

4 CRS APs with QR decomposition requires ~ 2.9 x (256/88) more real-valued multiplications vs. 2 CRS AP.
4 CRS APs with QR decomposition requires ~ 2.8 x (368/130) more real-valued additions vs. 2 CRS AP. 


So in summary the following observation can be made.

Observation 6: With QR-decomposition the revised complexity calculations of ML receiver of supporting 4 CRS AP has

~ 2.9 x  more real-valued multiplications vs. 2 CRS AP.
~ 2.8 x  more real-valued additions vs. 2 CRS AP.

Observation 7: The complexity level from Observation 6 seems affordable even by a ML receiver to support 4 CRS AP.
Proposal 3: From complexity perspective 4 CRS AP should be supported in NAICS WI by all candidate receivers but preferably by E-IRC with the least complexity.
Since the complexity of ML receiver is higher than the complexity of E-IRC receiver the performance requirement for 4 CRS AP can be based on E-IRC with the lowest complexity level and in the meanwhile with still good system gain. This is also in line with the general methodology to define the performance tests proposed in [2] as “unified performance requirement”.
Also as proposed in [3] it’s recommended to take the support of 4 CRS AP by NAICS receivers as one separated UE capability under NAICS so only NAICS UEs with 4 CRS AP capability needs to pass the tests defined for 4 CRS AP.

Proposal 4: Define supporting of 4 CRS AP in NAICS as a separated UE capability so only 4 CRS AP capable UEs need to pass the tests defined for 4 CRS AP.
4 Conclusions

In this contribution we provide the simulation results for NAICS with dominant interference as colliding CRS setup. Our observations and proposals are summarized below.

Observation 1: From system level the NAICS gain compared to IRC is around 10~20% which is comparably the same between 4 CRS AP and 2 CRS AP.

Observation 2: From system level there is no performance difference seen between E-IRC and SLIC for both CRS-based TM and DM-RS based TM test scenarios.
Observation 3: From link level typical scenario under the test purpose of NAICS gain as indicated in [2] the performance difference between SLIC and E-IRC is less than 0.5dB.
Observation 4: For SLIC receiver based on data covariance,
· For TM2/TM3 the complexity related to 4CRS APs can be considered as similar to that of 2CRS APs.

· For TM6 and TM4 the complexity of 4CRS APs is higher wrt the complexity in case of 2CRS APs by approximately a factor of 1.3 for TM4 and 1.12 for TM6 when blind detection is performed on 1 PRB-pair.  These factors are derived without considering any implementation optimization which would reduce considerably the above mentioned factors.

Observation 5: E-IRC can further reduce the complexity from SLIC and meanwhile have more robust BD.
Observation 6: With QR-decomposition the revised complexity calculations of ML receiver of supporting 4 CRS AP has

~ 2.9 x  more real-valued multiplications vs. 2 CRS AP.
~ 2.8 x  more real-valued additions vs. 2 CRS AP.

Observation 7: The complexity level from Observation 6 seems affordable even by a ML receiver to support 4 CRS AP.

Proposal 1: From performance perspective 4 CRS AP should be supported in NAICS WI.

Proposal 2: E-IRC can be used to set up performance requirement with no risk of losing system performance.

Proposal 3: From complexity perspective 4 CRS AP should be supported in NAICS WI by all candidate receivers but preferably by E-IRC with the least complexity.
Proposal 4: Define supporting of 4 CRS AP in NAICS as a separated UE capability so only 4 CRS AP capable UEs need to pass the tests defined for 4 CRS AP.
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