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1
Introduction
To study the performance gain of NAICS receiver, RAN1 was tasked with the evaluation of the potential gain of NAICS receivers over Rel-11 MMSE-IRC receiver from system level performance perspective [1][2]. In RAN1 #75 meeting, we evaluated the performance gain of symbol level (SL) reduced(R)-ML receiver in NAICS scenario 2 under CoMP and eICIC deployment with 2ms backhaul delay [3].

In this contribution, we further evaluate the performance for SL R-ML receiver in consideration of the non-ideal backhaul delay (i.e. 10ms) under CoMP and eICIC deployment. We present the evaluation results under NAICS scenario 2 in this paper, and the evaluation results under NAICS scenario 1 are provided in a companion paper [4].
2 Simulation assumptions 
SL R-ML (symbol level reduced max likelihood) receiver
In joint SL R-ML receiver, LLR which is the input to turbo-decoder is calculated assuming the existence of random interference having a discrete constellation (QPSK, 16QAM, 64QAM, etc). In other words, assuming that bm,n denotes the n-th bit of the symbol in the m-th layer of the transmit signal vector xS and y indicates the received signal vector, LLR based on SL R-ML for bm,n is give by:
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where xI is the dominant interference vector and 
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 denotes the set of all symbol vectors whose (m, n)-th bit is a. In addition, 
[image: image3.wmf]I

s

D

x

x

,

denotes the exponent value of the PDF 
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. Note that, in conventional receivers, LLR is calculated based on a Gaussian approximation of sum-interference. Details of link abstraction method of SL R-ML receiver are provided [5].

Combined eICIC and CoMP coordinated scheduling scheme
In the evaluation, both the performance of SL R-ML receiver and MMSE-IRC receiver are evaluated under CoMP + eICIC network deployment. 

Firstly, ABS subframe number is set to 2 per radio frame for marco cell, and CRE bias is set 6dB. 

Secondly, CoMP coordinate blanking scheme is applied on non-ABS subframes. A practical inter-eNB CoMP coordinate blanking scheme is considered in the evaluation, as described in [6].

Both SL R-ML receiver and MMSE-IRC receiver are evaluated under the same CoMP + eICIC coordination scheme, i.e. no specific scheduling optimization is designed for SL R-ML receiver.

Non-ideal backhaul modeling for CoMP
To realize a centralized coordination between macro cells or between macro cell and pico cell, non-ideal backhaul required for sharing information between different cells is considered. In order to investigate potential impacts of backhaul delay, performance of coordinated scheduling with consideration of backhaul delays are evaluated. In this part, we would like to share the CSI information exchange and coordination information transmission mechanism for CoMP transmission with non-ideal backhaul.
Below figures shows the timeline of UE resource allocation, UE CSI feedback and UE transmission of CoMP with non-ideal backhaul link:
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Figure 1 Timeline for resource allocation and UE scheduling with backhaul delay
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Figure 2 Timeline for UE information exchange between two cells for SL R-ML Receiver

In Figure 1, the resource coordination at time t would utilize the CSI feedback transmitted from the subsidiary cells. The CSI is measured at time t-dCSI-dBH at UE side and the CSI arrives at the eNodeB side at t-dBH due to the CSI feedback delay. And the coordinator gets all the UE CSI at time t due to the backhaul delay. After the resource coordinator determines the optimal resource allocation, the resource allocation decision would be transmitted to the targeted cells and the cells would get the resource allocation indicator at time t due to the backhaul delay. And since the target cells would get the new CSI from UE feedback at time t+dBH -dCSI, the target cell would change the UE transmission MCS/PMI/RI. Thus the UE scheduling decision is determined by the resource allocation at time t and the latest CSI reported from UE at time t+dBH-dCSI. 
In addition, for CoMP with SL R-ML receiver, the neighbor cell UE information such as modulation/RI should also be transmitted to the target cell for UE demodulation. The timeline of UE information exchange between neighbor cell and target cell is shown in Figure 2. Neighbor cell would transmit the latest UE information modulation/RI to target cell at time t and target cell can get the UE information at time t+dBH. Thus, the target cell could send the required information of interference cell together with the scheduling decision.
Detail simulation assumptions are listed in Table 1.
Table 1: System level simulation assumption

	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz 

	Cellular Layout
	NAICS scenario 1

	Handover margin
	3dB

	CoMP coordination set
	3 eNBs

	eICIC configuration
	ABS subframe number = 2 per radio frame

CRE bias =  6dB

	Downlink transmission scheme
	TM10 2x2, SU-MIMO

Rank adaptation between Rank 1 and Rank 2

	Downlink scheduler
	PF scheduler with TDM scheduling

	Downlink link adaptation
	RI, CQI and PMI 5ms feedback period

Wideband CQI feedback
6ms delay total

MCSs based on LTE transport formats [36.213]
1 CSI process for each UE

	Antenna Configuration
	eNB/RRH: 2Tx
UE: 2Tx

Cross-polarized antenna is used at both eNB and UE side

	Traffic model
	FTP traffic model 1

	Link error prediction technique
	MMIB
Outer-loop control based on ACK/NACK report.

	Channel Estimation
	Non-ideal channel estimation.

	IRC receiver impairment
	Wishart distribution with M=12 degrees of freedom
[36.829 with DMRS based sample covariance matrix]

	HARQ
	On

	PDCCH symbol
	3

	Backhaul 
	Non-ideal backhaul(10ms)


3 Simulation results 
The performance of SL R-ML receiver and MMSE-IRC receiver are evaluated under CoMP + eICIC network deployment. System level simulation results are presented in Table 2 and Table 3 for 40% and 60% RU, respectively. 

Generally, SL R-ML receiver also shows the promising performance gain under CoMP + eICIC deployment scenario. Especially, it is observed that R-ML provides 16.6% and 31.5% performance gain @RU = 40% and @RU = 60% in terms of 5%-tile user perceived throughput (UPT) respectively. In terms of 50%-tile UPT, R-ML also provides up to 20.2% gain when traffic load increases, e.g. when RU increases to 60%.

Note that the results in Table 2 and Table 3 do not represent the full potential performance gain of SL R-ML. In the evaluation, a single cell ML receiver without joint processing with the dominant interference (as in equation 1) is assumed for the following cases due to the limited time to finalize all link abstraction parameters:

· Serving rank + Interference rank = 3 and at least one 64QAM for 3 layers
· Serving rank + Interference rank = 4
In other words, when the ranks of signal and interference fall under one of the above two cases, we did not apply joint processing as described in equation (1). Instead, a single cell ML receiver which does not take into account the dominant interference is assumed.

Table 2: Simulation results @40% RU for NAICS scenario 2
	
	Mean Packet Rate
(bps/Hz)
	Packet Rate @5%-tile

(bps/Hz)
	Packet Rate @50%-tile

(bps/Hz)

	MMSE-IRC
	1.694
	0.0%
	0.200
	0.0%
	1.374
	0.0%

	R-ML
	1.747
	3.1%
	0.233
	16.6%
	1.483
	7.9%


Table 3: Simulation results @60% RU for NAICS scenario 2
	
	Mean Packet Rate
(bps/Hz)
	Packet Rate @5%-tile

(bps/Hz)
	Packet Rate @50%-tile

(bps/Hz)

	MMSE-IRC
	1.084
	0.0%
	0.077
	0.0%
	0.682
	0.0%

	R-ML
	1.186
	9.5%
	0.102
	31.5%
	0.820
	20.2%


4 Conclusion
In this contribution, we provide our system level simulation results for SL R-ML receiver under CoMP and eICIC deployment with non-ideal backhaul for NAICS scenario 2. The observation is: 

Observation: SL R-ML receiver provides the promising performance gain under CoMP + eICIC deployment scenario with non-ideal backhaul for NAICS scenario 2. The performance gain is up to 31.5% compared with MMSE-IRC receiver without any specific optimization on scheduling coordination.
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